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A KEY TO THE HARMSWORTH SELF-EDUCATOR 


At the heading of each article in the Serr-Epvcaton is the number of the group to which the article belongs. and a reference 
to this key indicates precisely the place of the article in the scheme of the book. This key, therefore, enables the student 
at any time to understand whnt bas preceded and what Is to follow any pay of the work to which be may happen to turn. 


Grovr :. 


Agriculture. Beekeeping. Gardening. 
Farwixo. In all its Branches. Dairying. Poultry. 
Beeazzrwa, A Practical and Commercial Course. 

Ganpgxina, How to Get the Most out of a Minimum of Lend. Garden- 


ing for Pleasure and Profit. Market Gardening. 
Group 2. 


Art. Architecture. Glass. Earthenware. Carving. 


Ant. Theory and Training. Painting. Boulet ie Aichitecture (Theory. 
Styles. Practica! Training). History ant! Ideals of Art. 


Guass any Fantuenware. Including Pottery. 
Carving. W Bone. Ivory. Horn Tortolseshell. 
GrovuP 3. 


Biology. Psyehology. Sociology. Logic. Philosophy. 
Religion. 


Biocouy. Including Evolution, Paleontology, Heredity, Anthropo- 
logy, Ethnology. 

Psycnotouy. Including Psychical Research. 

SouroLoay, Including Political Economy. 

Logic, The Sclence of Reasoul le, 

PusLosoruy. Systema of Thought. 

Rexvigion. History and Systems. 


Group 4. 
Building. Cabinet Making. Upholstering. Fire. 


Buinpina, Excavating. Drainage. Manufacture of Bricks, Limes, 
and Cements. Bric laying. Clay Wares. Reinforced Concrete. 
Masonry, Carpentry. ates and Tiles. Plumbing. Joinory. 
Foundry and Smiths’ Work. Painting, Puaperhanging snd 
Glazing, Heating, Jighting, and Ventilation. Building Regulations. 
Quantity Surveying, Building Abroad. In Business as a Builder. 

Cansinut Maxine aXb Upnorsternine. A Practical Course. 

Fins. Fireproof Materials. Fire Prevention. Fire Extinction, 


GnovP 5s. 


Chemistry and Applied Chemistry. 


Cusmistry. Inorganic and Organic. Chemistry of the Stars. 

Arvrisep Curuiatuy. Acids and Alkalies. Oils (Fixed Ofls and Fata; 
Waxes ; Essential Oils and Perfumes ; Paints and Polishes). Candles, 
Soaps. Glycerine. Glues and Adhesives. Starches, Inks, Tar and 
Wood Distillation. Matches. Celluloid. Manure. Waate Pro- 
ducts. Petroleum. Paper Making (including Paper Staining and 
Uses of Paper). Photography. 

Group 6. 


Civil Service. Army and Navy. 


Civ. Servicer. Municipal, National. Imperial, 
Any ann Navy. Hlow to Enter Them. 


Gnrovur 7. 


Clerkship and the Professions. 


Curngsmie ann Accountancy, Complete Training. Bookkeeping. 

Banxina. The Whole Practice of Banking. 

Insurance. Life, Fire, Accident, Marine. 

AvcrionRenine AND Va.uina. Practical kere 4 

Estate Agency, Departments and Officials of a Great Estate. Train- 
ing a Land Agent. 

Memos. Training of a Doctor. Specialists. Veterinary Surgeons. 
Chemists and Druggista. Dentistry: The Dental Mechanic. ome 
nnd Professional Nursing. 

Cuunog. How to Enter the Mintatry of all Denominations, 

Scuorastic. Teachers, Professorships. Governesses, Coaches Tutors. 

Institution Officials. 


Christianity. 


Sxorxetauins, etc. 
Lecturers. 

ra neue and Barristers. Persoval and Commercial Law. Copy- 
right. 


Political Orgunisations, 


Grove 8, 


Drawing and Design, 
Daawine, Freehand. Object. Gcometrical. Brush. 
Light and Shade. 
T'ronntoaL Drawing, For Engineers; Coppersmiths, Tinmen, Boiler- 
makers; Architects; Stonemasons; Carpenters and Joiners; Plumbers 


Memory. 


Deston. Book Decoration. Itunination. Textiles. Wall Papers. 
Metal Work. 
Group 9. 
Dress, 
Dagas. repent Underclothing. Children's Clothing. Tailor- 
en 


‘s Hats. 


Group xo, 
Electricity. 


Execrrivity. Electrical Engineering. ae eeetae and Telephones 
(including operation of), Cables and Insulate 
as an Electrical Engineer. 
Group zz, 


Civil Engineering. 


Civit Exainerrine. Burveying. Varieties of Construction. Machines 
Employed. Roads. Bridges. Railwaysand Tramways. Water 
Supply. Bewe . Refuse. Hydraulics. Pumps. Harbours. Docks 
Lighthouses. Foreign Work. In Business as a Civil Engineer. 


ing. Millinery. 
Shirte and Collars. 


urs and Furriers. Feathers. 


Wire. In Business 


Group 32. 
Mechanical Bap neering: Military Engineering. 
rms & Ammunition. 

Mecnranicat Enainexnixo, Applied Mechanics, Workshop Practice. 
Tools (Hand and Miscellaneous, Machine Tools. Portable Machine 
Tools). Machines and Appliances (A Gencral Guide to Construction. 

Be race _ Watches, gee pie a ee : 
titaRY ENGineentne. Pontoons. ortificationa. f' 
Trenches, Passing Rivers. Conditions in Peace and War, as 

Ams and Ammunition. Manufacture of Arms and Explosives. 

Grovur 33 
Geography. Astronomy. 


Azsocnarat Physical. Political, Human. Commercial. 
Asrnonomuy. A Survey of the Solar System. 


Gaovup 14. 
Geology. Mining. Metals and Minerals, Gas. 


Grorocy, The Making of the Earth, 7 
Minima. The Practice of Mining: Coal, Gold, Diamonds, Tin, ete. 


Merats. Metallurgy. Iron and Steel. Iron and Stec.' Manufactures 
gyictal Work. Cutlery. 
INKRALS, 


Mineralog . Properties of Minerals. 
As. Manufacture of Gas. 


Group x3 


History. 
A Short tlistory of the World from the Beginning. 


Group 16, 
Housekeeping and Food Supply. . 

Servants, Qualifications and Duties of Every Kind of Bervant. 
Couxery, A Practical Course. with Recipes, 
Launpauy Worn. Washing. The Laundry aaa Business. i 
Foons axw Bavenaczs. Milling. Bread-making. Biscuits and Con- 

fectionery. Sugar. Condiments. Fruit, Fisheries. Food Preserva- 

tion. Catering. Brewing. Wines and Ciders. Mineral Waters 

Tea. Coffee. Chocolate. Cocoa. 


Guour 17. 
Ideas. Patents. Applied Education. 
Ineas. The Power of Ideas in Life. Brains in Business. 


Parents AND Inventions. How to Protect an Idea. 
APPLigp Epvcation. Application of Education in Daily Life. Finance. 
Groce 28. 
Languages. 


How to Study a Language. Courses in Latin, English, French, German, 
Spanish, Itallan, Esperanto, Greek. A Tuble of Ruot Words. 


Group 139. 
Literature. Journalism. Printing. Publishing. 


ibraries. ; 
Lirrratunn. A Survey of the World's Great Books and their Writers. 
Poetry. Classics. Fiction. Miscellaneous. How to Kead and Write. 
Jocnnarisa, A Guide to Newspaper Work, with Practical Training. 
Priniino. Composing by Hand and Machine, Type Cutting and 
Founding. Engraving and Blocks. Bookbinding and Publishing. 
Lisranixs. Officials and Management of Libraries. 


Gnovr ao 
Materials and Structures. Leather. Wood Working. 


Marrniats. The Characteristics and Strength of Materials. 

Srrverures. The Stability of Structures. 

Leatugnk. Leather Industry. Leather Belts. Boots and Shoes. 
Saddlery and Harness. Gloves. ounaTy Leather Goods 

Woop Wonkine. Design and Operation of Wood Working Machinery. 
Wood Turning. Miscellancous Woodwork. 


Group 2%. 


Mathematics. 
Matnursatics. Arithmetic. Algebra. Geometry. Plane Trigonometry. 
Conte Sections, 


Growr aa 
Musie. Singing. Amusement. 
Music. Musical Theory. Tonic Solfa. J'uition {nu all Instruments, 
Orchestration, Conducting. Bell Ringing. Manufacture of 


Mualcal Instruments. 
Sinuing. The Voice and Ite Treatment. 
AMUSKMENT. Drama and Stage, including Elocution., 
Amusenient. Sports Officials. 
GRovr 23. 


Applied Botany. 
Natural Produets. 
NarurnaL History. Botany: Kingdom of Nature—ita Marvels, Mech- 

anixm, and Ri mance; Flowers, Plants, Seeds, Treea, Ferns, Mosscs, etc. 
Zoology Aniinals, Birds, Fishes, Reptiles, Jnaects, 
Arriinp Botany, Tobacco & Tobacco Fipes. Forestry. Rubber and Gutta 
Percha. Basket and Krush Making. Cane Work. Barks (Cork, Wattle). 
Bactenioice,:. Pathological and Economic. 
Natt kal Propcucts. Sources. Values. Cultivation. 


Business side of 


Natural History. Bacterlology. 


Group * 
Physics. Power. Prime Movers. 


Puysics. A Complete Course in the Science of Matter and Motion. 
Power. A General Survey of Power. Natural Sources, Jaquid and 
Compressed Air, 
Prius Movers. Engines. Steam. Gas. Heat. Turbines. Windmills. 
Grovr 
Fhyslology. Health. Ill-health. 
Puysro.ooy. Plan of the y. Digestive. Circulatory. Respiratory, 
Locomotor and Nervous Systems. The Senses. 
Heattu. The Five Lawsof Health. Personal Hygiene. Environment. 
State Medicine and the Public Health. 
Iu-neattH. General Ill-health. lts Special Forms. Common All- 
ments and Domestic Remedies. 
Grovr 26, 
Shopkeeping. Business Management. Publicity, 
SuopxxepPina. Practical Guide to the Keeping of all Kinds of Shops, 
Business Manacumenr. ‘the A alse of Sys in Business. 
Pusuicity. Advertising from all Pointe of View Asa Lusiness 
Garour i 
Shorthand and ypewriting. 
Snonruand, Taught by Pitmans. YPEWRITING, 
Management of all Machines. 
Group 28. 
Textiles and Dyeing. 
Texritzs. The Textile Trades from Beginning to End. 
Dyei;ne. Dyes and Tueir Application. 


Working and 


Grovr t 
Travel and Transit. 
Travet. How to See the World. The Business Side of Travel. 
Transit. A General Survey of Means of Communication. 
Venicies. Construction of Air, Land and Sea Vehicles. Business of a 
Liveryman, Carrier, etc. Driving. 
Rat.ways. The Management and Sontrol ef Railways. 
Sairs. Shipbuilding. Shipping. Management of Ships 
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BUTTERFLIES IN THEIR NATURAL COLOURS 
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‘THE STATE LADDER OF LEARNING 


Op oko bry for Girls in the 


“THE STATE LADDER OF LEARNING 
IH.* OPPORTUNITIES FOR GIRLS IN THE BRITISH ISLES 


By W. H. Stuart Garnerr 


{t das only of late years been fully orpecetel 

by the British nation that the education of 
women és a matter of no less importance to the 
public than that of men. England has, perhaps, 
taken a longer time to realise this truth than 
have the sister kingdoms, and it was not until 
State provision had been made—by the Act of 
1870—for the elementary education of children 
of both sexes on equal terms that any really 
serious attention was devoted to the secondary 
education of the daughters even of those parents 
who spent large sums to secure a public school 
education for their sons, 

The somewhat tardy recognition of the need 
was, however, followed by strenuous endeavours 
for its relief, and the outburst of energy in the 
matter of providing schools for girls which 
marked the latter half of the nineteenth century 
has made it possible to say that an excellent 
elementary and secondary education is now 
within the reach of every girl in the United 
Kingdom, and that a university career is open to 
all girls of talent and determination. The 
conditions governing the education of girls in 
the countries of the United Kingdom vary 
considerably, on account both of the diverse 
legislative enactments on the subject now in 
force, or recently abrogated, and of the variations 
of the social conditions in the different districts. 

The Medieval System. in England, 
more than in the sister kingdoms, the conditiors 
of education of boys and girls are markedly 
differentiated by reason of the disparity in the 
endowments devoted to the support of educa- 
tional institutions for the youth of either sex. 
This disparity is no doubt due to the tradition 
that girls should be trained at home, a tradition 
dating back to the fourteenth century, when the 
girl plied her distaff under her mother’s eye, 
while her brother studied the courtly virtues’ in 
the castle of his lord, until in due time his 
master conferred on him the knightly accolade 
instead of the more modern diploma or degree. 

The tradition has come down to modern 
times, and the girl of to-day suffers from the 
prejudice of pious founders of the Middle Ages, 
and their ungallant devotion of their funds to 
the exclusive use and maintenance of the youth 
of their own sex. On the other hand, the girls’ 
school is free from the medieval traditions which 
bind the public schools of Great Britain. ‘he 
far smaller expenditure of the girls’ school on 
games and playgrounds and the lower salary 
required by the schoolmistress than by the 
schoolmaster combine to reduce the cost of 
female education, and to compensate the dis- 
abilities of girl students arising from lack of 
educational endowments. The paucity of en- 
dowed schools has itself, to some extent, 
furthered the cause of education. It has been 
impoasible for boys’ schools, when the property 
of a private company or individual owner, to 


* Seo previous articles on pages 481 and 1777. 
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compete with the large and wealthy institutions 
with which England abounds. The private 
school has nearly always succumbed, and the 
consequent absence of serious competition has 
made possible the survival, in public schools, 
of medieval and unsatisfactory methods of 
education. It may therefore be said that, so 
far at least as scientific and methodical teaching 
is concerned, the education in the first grade 
girls’ schools of England is at least as good as 
that obtainable in the venerable institutions 
where the boys of the country are trained in the 
way they should go. 

The State School System. In Scotland 
and in Wales, secondary education has been 
for some time, as it now is in England, 


‘the duty of the local education authorities. 


Secondary schools are conducted in Wales by 
the county councils, and in Scotland by the 
school boards, and conducted with excellent 
results. We have not, in the appended tables, 
mentioned any but the largest of the Welsh 
mixed county schools, and of the high schools in 
Scotland. All of these may, however, be trusted 
to furnish an exceedingly good education at a 
low cost to the parent. The county schools now 
being started in various parts of England have 
not been included, partly for the reason that it 
is difficult to estimate fairly the merits of insti- 
tutions so new as to be almost experimental, 
and partly because the numerour and excellent 
girls’ schools established in England, before the 
Education Act of 1903 enabled the county 
councils to build and maintain the present 
county schools, render the latter a much less 
essential part of the scheme of national education 
in England than of the Welsh or Scottish 
scholastic svstem. 

Education of Girle in Ireland. The 
conditions of education in Ireland are very 
much the same for girls and for boys. State 
aid is granted to all efficient secondary schools, 
largely on the results of examination of the 
scholars. The principal Protestant secondary 
schools are the property of companies or of 
private individuals, very much as in England. 
On the other hand, the education of girls belonging 
to the Catholic Church, like that of the boys, is 

rincipally in the hands of religious societies. 
he rsuline order deserves special credit for ite 
excellent educational work. 

The teaching of children by members of a 
sisterhood, who work without remuneration, 
makes it possible to obtain an excellent education 
at a cost grcipae sicrre low. There is probably 
no part of the British Isles where so good an 
education is within the reach of the very poor as 
in the south of Ireland. On the other hand, 
while the merits of the system are worthy of 
attention, it must be recognised that it has the 
effect of inducing a number of the pupils—and 
these commonly the ablest and best girls in the 
school—to take the vows of celibacy, a condition 
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COUNTY. SCHOOL. 


ANNUAL FEES. 


NUMBER AXD ANNUAL VALUS OF 
SCHOLARSHIPS ANNUALLY AWARDED 





a 
AT SCHOOL. 


ee Aa REE omy oe EAE ne OND 











ee eT ee 
AFTER LEAVING. 


er eee errrne es or mer age erty 


Bedford High School 

Bedford Modern Schoo} 

Reading High School 

Wycombe Abbey School 

Perse High Schoo) for Girls, Cam- 
Birkenteea High School .. 
Queen’s School, Chester 

High School, Macclesfield .. 

High School, Truru 

Carlisle High School 

Derby High School.. 

Exeter High School 

Plymouth High School 
Devonport High School 
Gateshead High Schoo! 
Cheltenham Ladies’ College 
Clifton High School 

Redland High School, Bristol 
Bournemouth High School 
Wincheater High School 
Portamouth High School .. 
Herefurd High School 
Berkhamsted High School 
Church High School, St. Albana .. 
Christ’s Hospital, Hertford 

Girls’ Grammar School, Rochester 
Tunbridge Wells High School 
Bolton High School 

Merchant Taylors’ Girls’ School, 
Rast’ Liverpool High School 
eee Inst. High School for 


Bedfordshire .. 


Berkshire 

Buckingham- 
shire 

Cambridgeshire 


Cheshire 


Cornwal} 
Cumberland 
Derbyshire 


Devonshire 


Durham 


Gloucestershire 


Hampshire 


Herefordshire. . 
Hertfordshire. . 


Kent .. 


Lancashire 


Liverpool High School 
Manchester High School for Girls 
Wygegeston Girls’ School, Leicester 
Girls’ High School, Lincoln 

North London Collegiate School 
The Camden School for Girls 
Blackheath High School . 
Haberdashers’ School, Acton 


Mary Dachelor Girls’ School, 
Camberwell 


Leicestershire. . 
Lincolnshire .. 
London 


Central Foundation School for 
Girls, Bishopsgate 
City of London School for Girls, 
bankment 





roememrerwen crewman eseme mene om etme tn, 
Day Pupits.| BOARDERS. 
£9—~£12 £65-—£80 
£4 £45 
44—15 gs. | 644—75 ga. 
None £105— £120 
£6—£15 36—S0 ga. 
10 gs. to None 
£16. 10 
£9—£16 £56—£63 
8—10 gs. None 
44—163 ga, None 
10 gs. to None 
£16. 10 
O—15 gp. £50 
6 gs.—£15 56—64 gs, 
12—18 gs. 0U-—66 ga. 
9—-15 ga. £47. 5 
10 gs. to None 
£16. 10 
12~-24 ga. 62—94 ys, 
£12 -£24 £77-—-£89 
—15 ga. 49—58 gs. 
2—6 ga. 48 ga. 
74—18 ye. | 164—-075 ga. | 
10 gs toe None 
£16. 10 
6--15 ge. 42 ---57 ys, 
S8—L£10 £58—£60 
9-—18 ga. None 
None A free board- 
ing school 
£8— £10 None 
10 gs. to None 
£16. 10 
6—~15 gs. None 
£8—£10 £22—£40 
10 gs. to None 
£16. 10 
£4. 16 to None 
9 gs. 
10 gs. to None 
£16. 10 
12 gs. £57 12 
£5—8—£9 None 
£5—£8 £33—-£49 
9 ga. 
10 ga. to 
£16. 10 
56—-9 ga. 
10 gs. 46 ga. 
8 gs. ~—£5 
§—12 gs. 


8 free. £25, £°5, and £60 
1 free 1 free to High 
School 
None None 
3 of £30 None 
None 2 of £37. 10 
for 8 years 
1 of £15 None 
9 free 1 of £30 
3 of fees None 
None None 
1 of £15 None 
3 of £10 None 
None None 
None None 
1 of £15 Occasionally 
1 of £10 
1 of £25 1 of £25—£435 
and others 
None None 
4 of £15 and None 


others 
11 of £5—£30 | Biennially 1 of 
£30 


Some 15-—0 ge. 1 of £40 
for boarders only 
“1 of £15 None 
None None 
4, part or whole None 
feen 
None None 
None None 
Several free None 
1 of £15 and 1 None 
of £4 
None Bilennially 
1 of £85 
Several free 1 of £40 
1 of £15 None 
Several free 1 of £36 
1 pf £15 and Tricnnially 
1 of £5 1 of £40 
18 free 6 of £26—£50 
30 free £50 and £30 
20 of £10 1 of £100 
12 of £20 and 1 of £50 
4 of £10 
6 of £15—£20 2 of £20 
2 of £15 None 


Numerous, 14 gs., variate, #80 to 
etc. 
8 free, 3 of £20 


8 of £20 
and others and occasionally 
1 of £50 
Numerous free 2 of £50 
and others 
7 of 10 ga.—£40 2 of £50 
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London—contd. Clapham High School Pe -- | 10 gs. to we 2 of £15 None 
\ £16. 10 and others 
Dulwich High School as 10 gs. to is 2 of £15 and None 






£16, 10 2 free 


James Allen's School, Dulwich 6 of £13. 8 None 


























Roan School, Greenwich .. Numerous lof £45 for 3 
yeara 
Lady Holles’ School, Hackney £4—£6 ae 3 free Variahle, £80 to 






£5( 
Variable 


None 


39 free 
1 of £15 


St. Paul's Girls’ School, Ham- 
meramith 
Hampstead High School 



















Aske's School, Hatcham b—O gs. se 1 of £20 and Variable 
many others 
Dame Owen's School, Islington 10 ga. to sg 1 of 215 None 









Maida Vale High School, Elgin None 


Avenue 






















































St. Mary's College, Paddington 10—24 gs. £75 1 of £30 for None 
ears 
Some other = { putney High School 10 gs. to . Lat £15 None 
achools in £16. 10 
the London St. Saviour's and St. Olave’s £6 Boarding £13, £18, and Variable 
County Grammar School for (rls houses usual £10 
Council area Southwark 4 licensed 
are peere Skinners’ School for Girls, Stam- | 6—04 gr. ay ine Numerous 1 of £50 
or 
their Streatham Hill High School 10 ga. to are 1 of £15 None 
Counties £16. 10 attached and 1 of 7} gs. 
Sydenham High School 10 to mony 1 of £165 None 
Grey Coat Hospital, Westminster : a. Mg Bathe Largely free 1 
Coborn School for Girls, Bow Numerous free 4 of £20—£30 
Middlesex .. | High School for Girls, Tottenhain 6-—12 ga. None Some free ee 
revision 
Norfolk .. | Norwich High School oe None * Loft £tb None 





£8 bal 8 of £6 None 




















None None 
1 of £15 


8 of half fees 


Thetford ¢ jrammar Schoal 
Northampton- None 


“ The High School, Northampton .. 
shire 
SNe: ferns Newcastle High Schcol for 














None 
1 of £20 


None 
380—~45 ga. 








an r 
Nottingham- Queen Elizabeth’s Grammar School 
shire for Girls, Mansfield 







































Nottingham High School .. None 1 of £15 None 
Oxfordshire ..] Queen Anne’s School, Caversham £38——£40 Numerous Variable 
Oxford High Schoo! ; None 1 of £15 and None 
£16. 10 1 of £10 
Salop .. .. | Shrewsbury High School . : None 1 of £15 None 













None 
1 of £50 


Somereetshire | Bath High School .. 1 or 2 of £15 
Staffordshire ..{ High School, Burton-on-Trent 
Croft School, Betley 
Suffolk .. | Endowed School for Girls, Ipswich 

St. Felix School, Southwold 
Surrey .. | Croydon High School 

The High School for Girls, Guild- 

ritios Girls’ School, Kingston- 
Bee also under | rye High School, Surbiton. . 

Sutton High School 

Wimbledon High School .. 
Sussex .- | Roedean School, Brighton 
Warwickshire. . ss ~ ases ie High School for Girls, 

rmingham 


my King kiwe Plog 


schooe. eo Bare ton, and 


None 















None 2 free 
100 gs. None None 
£5-—£6 wares 0 to 'L6 free | 2of £10-—£20 
21—27 ge. £90---£105 None None 
10 gs. to None 1 of £15 ae 


£lo. 10 1 of £30 
None 
























None None 








None Occasional None 















9—15 ga. None None None 
10 gs. to None 1 ot £15 and None 
£16. 10 of £5 
None 3 of £16 and 
of £10 
£130 1 of £80 and 


others 
£4. 10 4 of £6-—-£12 1 of £30 



















None 








None 
























None 
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COUNTY. 


Warwickshire. . 


Westmorland . 
Wiltshire 
Worcestershire 
Yorkshire 


SOHOOL. 


King Bdward's High Schools, N 
oe Beware jilgh Scheer ae 


The ng’s High School, Warwick 
The High School, Kendal . 
Godolphin School, Salisbury 
Worcester High School for Girls 
Barnsley High School for Girls 
Bradford Girls’ Grammar Schoo! 
Leeds High Schoo! .. 

Sheffield High School 

Grammar School for Girls, Skipton- 
Wakerleld High Schoo! 

York High School .. 

The Mount, York .. 


ANNUAL FEES. 
Day Purma.| Boanpans. 
£12 None 
£5—£8 £50—258 
9—-15 ga. None 
12—18 gs. £75—£95 
9—15 ga. None 
£7.10 None 
6—~15 ga, None 
6—18 gs. 
10 gs. to None 
e610 os: £45—-£49 
£6—L£12 £40—-£50 
Pu ogee None 
None 57 gs.—63 gs. 





UMBER AND ANNUAL VALUE OF 





OLARSHIPS ANNUALLY AWARDED. 
At SonOoOL. AYTER Leayaa. 
® 
4 of £10—£20 1 of £50 
Several free 1 of £50 
None None 
6, part fees Nene 
8 of £15 and 1 of £40 
others 
County schools only 
Some free Variable 
18 ga., £5—-£10 None 
and others 
2 of £35 None 
Several half fees None 
12 of half fees 2 of £50 
1 of £15 and None 
sume free 
Restricted 


LEADING SECONDARY GIRLS’ SCHOOLS IN SCOTLAND, IRELAND, & WALES 





SCOTLAND 
Edinburgh... 





Rt. Andrews .. 
Glasgow 









Aberdeen 


IRELAND 
ublin.. 





Cork 


Belfast 





Monaghan 









Monteomery . 
shire 


which can only be deplored in the interests of 


the nation. 


The universities of Scotland, Ireland and Wales 
now place women students on the same footing 
as men, 40 that it is unnecessary to add anything 
here to what we have already said on the subject 
of university institutions in these parta of the 


8008 












Londonderry .. 







WALES 
Denbighshire .. 
Glamorganshire 


Monmouthshire 






Edinburgh Ladies’ College 
George Watson's Ladies’ College 
St. George's High School .. 
St. Leonard's 

Garnethili High School 


Hutcheson’s Girls’ Grammar School 


The High School 


Alexandra Schoo) .. oe 
Alexandra College .. 

St. Angela’s High School .. 
Ursuline Convent, Blackrock 
Victoria College 

Strand House School 

St. Louis Convent .. 


County School, Wrexham 


High School for Girls, Swansea .. 


Howell's School, Liandaft .. 
County School, Gelligaer .. 
Intermediate School, Cardiff 
Intermediate School, Newport 
County School, Pontypool 
County School, Newtown .. 


24 gu.—£12 


Ditto. 


10} —223 gs. | 


.. s£1. 10 —6 ga. 
£1 10-—£6 


£2—£8 


£9—£11 
£17—£24 
£3. 2—6 ga. 
None 
4—-12 ga. 
2—8 ga. 
8 gs. 


7 ge. 
£6. 10 
£8 
£4 
£7.10 
£9 
£4. 10 
5 gs. 


| 





| 
: 


sities of 


None 
Ditto. 
None 
£82 —-£112 
None 
None 


None 


£57—£69 
£82 
None 
£80—-£38 
£35— £48 
£382—£40 
£20 


£44. 7 
£38 
£28 

None 
£49. 10 
None 
£30 


None 


Very numerous 1 of £25 and 
and valuable others 
Ditto. Ditto. 
None None 
6 of £20 1 of £30 and 
others 
20 free None 
Very numerous | Several of £10 
2 of £12 1 of £10 
4of £10 2 of £10 
17 of £10 1 of £10 
None 1 of £20 
None 1 of £20 
None None 
Several £8—£9 | 1 of £105, 2 of 
£3800 and £00 
8 of £15—-£30 
Several free 
Several free and arenuely 
others 1 of £25 
7 of £28 and Several of £40 
others 
Numerous free None 
260f £3. 15, and 5 of £20 
24 of £17. 10 
le scholar- 1 of £20 
ips 
£5, part fees 
11 of 5 ga. None 


Kingdom [see page 1782]. The same course is 
adopted by the more recently constituted univer- 
land, but the older universities still 
a to admit —— Bi ain Ya or to 
confer degrees upon them. ord and Cam 

have, however, 80 far moved with the ae 
permit women students of the neighbouring 


LEADING SCHOOLS OF DOMESTIC ECONOMY AND COOKERY IN ENGLAND 


SCHOOL. 





"Soprersoe Polytechnic... 
South- Westérn Polytechnic, Chelsea .. ~ ‘ 
Northe#f Polytechnic, Islington..  ..  .. 
Norwood Technical Institute, Lambeth ve ts 


Northampton Tnstitute.... oa oe ve te 
Paddington Technical Institute .. fe “ ors 
Shoreditch Technical Institute .. 6. 0 «soe 


National Training School of Cookery, Westminster .. 
PROVINCES 


Doraet School of Dorsestic Eoonomy and Cookety, Dorchestet 6 


Municipal School of Technology, Manchester .. oe 


Harris Institute, Preston te ie a is 
School of Domestic Science, Liverpool .. oe oe 
School of Science and Art, Chester... is a4 
School of Domestic Economy, Exeter '.. “a re 


Gloucester School of Domestic Science, Gloucester .. 
Muntcipal School of Domestic Science, Bristol es 
Springhill Domestic Economy School, Bromley a 
Shropshire Technical School for Girls, Radbrook “8 


Northern Counties Training School of Cookery, Newcastle-on-Ty ne 


Northamptonshire School of Domestic Economy 
Municipal School of science and Technology, Brighton 
Training School for ‘Teachers, Birmingham  .. “is 
Municipal Technical School, Halifax .. ee or 
Municipal Technical School, Hull as ne ‘ae 
Technical College, Huddersfield . 

























ANNUAL FRE. REMARKS. 


ee 





&3-—-£55 
58.—£3 
£24 
$1 
Low 
308,.—S3 
308.—£3 
6d.—-£40 


Day classes 


Day classes only 


Day sctiool only 


A school for artistic 
work 


i—1} gs. pet subject Boarders £30 
oe ‘is 1—5 ga. per subject aa 
; : 2s. 6d.—5 ga. Day classes 
os Low as 
ve ‘ 3a. 6d.—8s. 6d. Day classes 
ie +—3 gs. oe 
‘ Low os 
‘ is 15—30 ga. ae 
- Vree Day classes 


£40 —£60 
£7—£30 


A bourding college 


Low 








ei ‘ lha — 15 ge, Day classes 
ar oe ilgs £20 Day classes 
: 14 —12 ga. 

3 16 ga. Day classes 





4 1) gs. 


UNIVERSITY COLLEGES FOR WOMEN IN ENGLAND 


In Scotland, Ireland and Wales Universities are open to both sexes, as also eome newe! universities in England 


TOWN. COLLEGE. 
Oxford .. as Somerville College ie 
Lady Margaret Hall “e 


St. Hugh’s Hall .. 
St. Hilda's Hall .. oe 


Cambridge oe Newnham College .. ne 


Girton College es i 
Englefield Green Royal Holloway College .. 
London Bedford College .. ia 


£89 5—£121 15 


Fuss MINIMI'M COST. SCHOLARGHIPS. 
£87 -493 £100-- £110 Several of £25-£50 
£938— £1038 £1TO— £115 4 of £26-- £50 
£93 —£103 £110 1 of £35 
£93—£101 £410 2 of £30 and £40 
£90— £105 £100~ £115 6 of £50 and others 
Out-atudents, £36 
£105 £110 - £125 6 of £30-—£60, 
occasionally £88 
£90 £110 25 or more of £30-—2£60 


£100 £120) Under revision 


Course from 4} gs. 


colleges and halls, here set out, to sit for the 
university examinations, and to appear side 
by side with the graduates in the resulting 
ists, 

It will be noticed that, in spite of the endow- 
mente of the men’s colleges, it has been found 
possible to provide university education for 
. women at a lower cost than that at which it is 
aval to men. Holloway College for women 
ds richer in scholarships in proportion to the 
number of the students than are any of the ladies’. 
colleges at Oxford and Cambridge, and compares 


very favourably with the older institutions of 
these universities, (n the whole, although the 
smaller number of institutions open to women 
makes it a little harder for them to ure a 
free university education than it is for men, still 
the competition is less—a university career is 
attractive only to the minority, and for the 
majority ample provision is made in the domestic 
economy schools set out in the table—so that it 
is fair to say that such a career is now open to 
every girl who is willing to make some effort for 
the realisation of her ambition. 
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story | BEETLES, MOTHS, & BUTTERFLIES| 
25 The Life Histories of Insects—continued. Beetles, Butterflies and Moths, 
Protective and Warning Colouration. Mimicry. Courtship Dress. Caterpillars 











' By Professor J. R. AINSWORTH DAVIS. 


'  Insects—continued 

6. Beetles. (See Plate facing page 3361.] 
These inolude an enormous host of insects, some- 
thing like 150,000 species having been described. 
Ther horny investment is particularly thick, 
and they possess strong biting jaws, though these 
differ in’ some respects from those described 
for the cockroach and its allies. The third 
air, for instance, are much more intimately 

ed together into a lower lip. The fore-wings 
are modified into hard wing-covers, while the 
hind-wings sare membranous, os in straight- 
winged insects (cock- 
roacher, grasshoppers, ; , . 5 ” 
etc.). But there is one vie 
marked difference between 
the two orders in regard to 7. 
these organs. The hind- f% 
wings of the latter fold |; 
up along a set of longi- | 4a 
tudinal pleats when they vas", 
aro tucked away under ¥ ">, 
their covers, but in a _:. 
beetle they are relatively . 3 
long, and require a trans- ° | 
verse fold as well 

The life history of 
beetles exhibits a well. 
marked metamorphosis. . 
From the egg a grub 
hatches out, which, after 
a time, passes into a 
motionless pupa stage, 
and ultimately the in- 
vestment of this splits 
open so that the perfect 
insect may emerge [431]. 


Stag Beetles. Stag 
beetles [Plate facing page 
3361] are so named from 
the antler-like appearance 
of the huge mandiblesin the 
male, though these formid- 
able-looking structures do 
not appear to be used as 
weapons. Perhaps they are courtship ornaments. 
The family includes our largest native species. 
Lucanus cervus, the larva of which lives for 
some four years in rotten wood or among the 
roots of trees before becoming a pupa. 

Chafers. Chafers include dung-beetles, 
cockchafers, hercules beetles, and rosechafers. 
Perhaps the most interesting dung-beetles are 
the scarabs (Scarabeus), of which one species 
was sacred in Egypt. Their fore-legs are broad- 
ened into powerful digging organs [485], with 
which they excavate subterranean chambers 
that serve sa larders for the storage of balls of 
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431. LIFE HISTORY OF A COCKCHAFER 
; a. Grubs b. ata 
(Photograph by Prof. B. H. Bentley) 


dung, and also as nurseries, the eggs being laid 
in masses of the same unsavoury material. 
Among cockchafers, ‘the common species, Me- 
lolontha vulgaris [481], greatly damages the leaves 
of trees during its adult stage, while the larva 
devours roote during its underground life, which 
laste from three to five years in different locali- 
ties under varying circumstances. The hercules 
beetles and their allies are remarkable as being 
among the largest insects, and also on account of 
the curious horn-like projections on the body of 
the male. Rosechafers are beautiful insects of a 
metallic green colour 
| [Plate facing page 3361]. 


Tiger Beetles. These 
are highly predaceous 
forms. most of which live 
| in the warmer parts of 
the world. The larve 
| dig vertical burrows and 

“ee patiently lie in wait for 
s;eemee prey, with only the front 
‘ae part of the body pro- 
‘acm jecting [482]. Ground 
a beetles make up an ex- 
tremely large family of 
mainly predaceous species, 
which mostly live on the 
ground and fly reluctantly. 
In some tropical forest- 
regions however — ¢.y., 
parts of South America— 
they have taken to an 
arboreal life, probably in 
the endeavour to escape 
the ravages of ants. 
Others, again, are blind 
cave dwellers. The little 
bombardier beetle 
(Brachinus crepitans) is 
so named because, when 
chased by an enemy, it 
can eject a volatile fluid 
of acrid nature, which 
evaporates so as to look 
like a little puff of smoke [487]. A slight 
explosive sound is heard at the same time. 

Some Water Beetles. Water-beetles 
[Plate facing page 3361) are carnivorous types 
which have become adapted to life in fresh water, 
although the adults have not lost the power of 
flight. In our native great water-beetle (Dytiscus 
maryinalis) the large hind-legs are fringed 
with bristles and serve as oars, while air can be 
stored under the wing-covers. The unattractive- 
looking larvee [484] both pierce and suck their 
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prey by means of the first jaws (mandibles), 
which are traversed canals. Whirligig 


beetles are also aquatic, spinning round and round 
by means of their second and third pairs of 
legs, which are broadened into beautifully-con- 
structed a Some of the water-lovers 
(A idee) are also aquatic, the best known 
béding the great black water-beetle (Hydrophilus 
piceus), our largest native fresh-water form. 
which® surrounds its ogee with a pear-shaped 
silken cocoon [488]. e adult is not a par- 
ticularly good swimmer, and carries the air 
necessary for breathing partly under the wing- 





LARVA 
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covers and partly sticking to the hairy 
under-surface of the body. 

Carrion Beetles. Among the 
carrion beetles, the eggs are deposited 
in the dead bodies of various small 
animals. Burying beetles (Necro- 
phorus) dig away the earth from under carcases 
used for this purpose, and ultimately succeed 
in entirely removing them from sight. Many 
members of the family are blind cave-dwellers, 
The rove-beetles possess very short wing- 
covers, and usually an elongated 
abdomen, which can be turned 
up like the tail of a scorpion in 
the familiar devil’s coach horse 
(Ocypus olens), and is used for | 
folding the hind-wings. Many 
species of the family live in ants’ 
nests, and more will be said about 
them elsewhere. 

Ladybirda. The pretty little 
ladybirds, red in colour with black 
spote, lay their eggs on various 
plants, and the larve which hatch 
out devour plant-lice, scale insects, 
and other pests, in a wholesale 
manner. e adults are unusu- 
ally free from the attacks of 


Female 





488. GREAT BLACK WATER-BEETLE 
a. Cocoons 
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488. LIVE HISTORY OF 


NATURAL MISTORY 


correlated with the conspicuous “ warning ” 
colouration. 

While the members of the last family are 
friends to the human species, exactly the oppo- 
site is true of the small beetles called Dermestids, 
widely distributed forms, of which the voracious 
larve devour articles of food, clothing, etc., 
as in the fur beetle (Dermestes vulpinus), bacon 
beetle (Dermestes lardarsus), and horsehair beetle 
(Anthrenus fasciatus). 

The greater death-watches (species of Anv- 
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bium) appear to make some, at 
least, of the mysterious tickings often 
heard in old houses, and the holes 
in worm-eaten wood are due to 
their ravages. One species (Anubium paniceum) 
is the insect found in weevily biscuits, but 
is somewhat catholic in ity tastes, and in 
the larval stage is credited with being the 
“book-worm”’ that does so much damage in 
libraries. 
Fireflies and Glow-worms. 
, Fireflies and glow-worms have long 
attracted attention on account of the 
light they emit. In the Italian firefly 
(Euciola italica), the males are by 
far the most brilliant, and fly about 
together in the evening in large 
numbers, scintillating like so many 
tiny lamps. In this case there is 
some doubt as to the use of ‘the 
illumination. The source of light 
in our native glow-worm (Lampyris 
noctiluca) [486], on the other hand, 
| is the wingless female, which doubt- 
= less attracts a mate thereby. Pro 
bably the same is true of the 


Male 
436. QGLOW- WORM 





insectivorous animals, probably SITARIS railway beetle of South America, 
owing to their unpleasant odour % Jarvs |, >. Floating staue which is so called because there 
and taste, properties which are jarva ¢ Pups 7, Adult is a red light at each end of the 


351) 


 RTURAL HEOTORY : 


‘body and » series of smaller green ones along 


The olick-beetles are able to spring in a some- 


what ourious way if they to fall on 
their backs, by suddenly ben the’ body, 


when a curious Pega “catch mechanism is 
brought into play. © larve do much damage 
to the roote of various crops, and are known 
as “wire-worms” [see pages 1666-7]. Some 
American forms (Pyrophorus) give out a stron 
light, and are used by the natives for practica 
and ornamental purposes. 
Buprestids are chiefly remarkable for the 
great beauty of some of. the 
tropical species, of which the EAZiaRemartene., 
thick investments shine with [iy c20m 
@ metallic lustre. Some of (ae ae 
the bright green Indian kinds ata 
(Sternocera) are largely em- [* 
ployed for decora- 
tive purposes, the 
wing - covers in 
particular being 
arranged in pat- 
terns on various 
fabrics. Quite 
different from 
these are the 
blackish _—flour- 
beetles, of which 
there is one eee 
common Britis 
species (Tenebrio 
molttor), its grub 
being known as a 
** meal-worm.” , 
Bliater Bee- 





tlea. These are , i G3 
80 named because 
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substance can be 
extracted from 
their bodies—as 
in the typical case of Spanish 
fly (Cantharis vesicatoria), the 
source of cantharides. The 
life-history of some members Aim, 
of this family is extremely Mi 
interesting and complex, as, 
for example, in one particular 
pag (Starts humeralta) 
[488], which provides for its 
offapring at the expense of 
certain earth-dwelling bees 


ce. Proboscis 


‘successful larva which 
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has climbed on to. thé 
body of a female bee of the right species. 
a time the bee will lay a floating egg in 
previously stored honey, and the larva 
seizes the opportunity to slide down on to the 
edible raft, which serves as a source of food 
for about a week. e ; 

When the og8 diet is exhauéted, the lagya sheds 
its skin and becomes a sort of bag (b) which 
floats about in and absorbs the honey, which 
provides rations for some forty days. Next: 
follows a resting stage (c), which generally laste 
till June of the next year, when a second larval 

qoppreernemen, stage (d) ensues, which after 
A ARacm two days passes into a second 
dim resting stage, the true pupa 
(ec). From this the perfect 
insect (/) emerges in about 
a month. Some individuals 
m hurry up their development 
m so as to become adult a year 
5 earlier. 

Agricultural Pests. 
The seed-beetles are small 

inconspicuous forms, of 
» which the larve live in 

and beans, often 
damaging these crops con.” 
siderably. Leaf - beetles 
are still more notorious 
agricultural peste, of 
which the Colorado potato 
beetle (Doryphora decem- 
lineata) has caused more 
than one scare in this 
country, while the greedy 
little turnip flea-beetle 
(Phyllotreta nemorum)— 
so named on account of 
its springing powers—is 
constantly with us (see page 1667). Here, too, are 
included the small flat tortoise-beetles (Cassis, 
etc.), the larve of which render themselves in- 
conspicuous by heaping up their own 
excrements on their backs by means 
of a bifurcated tail acting 
as a dung-fork. 

The long-horned beetles 
make up a very large family 
of attractive-looking insects 
distinguished by the length 
of their antenne, and include 
some tropical species of com- 
paratively gigantic size. The 


442. MUSK-BEETLE 





Male Female 
(Anthophora). These con- pale grubs. possess ve 
struct a series of cells, 5s Bare oo ge mindiwing owerful jaws, and chiefly 


store them with honey, 
deposit an egg in each, and then cover them up. 
Late in August the mother beetle lays her 
2,000 or more eggs near the openings of the bees’ 
nests, and some four weeks later these hatch 
out into little black larve (a) of peculiar appear- 
gnoe, which remain in a sort of winter sleep 


till the following April or May. They then 
wake up, and hold on to any h insects that 
come within their reach, most of them no doubt 


going fatally astray ; hence the necessity for so 
many eggs. Let ts follow the fortunes of a 
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eed on wood. Some of 
them have been known to live in wooden 
furniture for over a quarter of a century before 
ing into the winged adult form. One of 
our moat elegant native species is the musk 
beetle (Aromia moschata) [442], with a metallic 
sheen, and with an odour which has been 
variously compered to roses, musk, and sweet- 
brier. Ita larve live in the wood of willows. 
The long-snouted vegetarian weevils include 
a host of small beetles, the ravages of which 
are only too familiar. Our native nut-weevil 
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444. GRAIN-WEEVIL . EGGS OF SMALL - EGGS O 
a. Pupa bs. Larva 445. PRIVET HAWK-MOTII TORTOISESHELL VAPOURER- 
( ; landium), Oe asta BUTTERFLY MOTR 
Balaninus giandeum), ror a rval Cas n 
example, deposits its eggs lees by Prof. ae Bentley) (Magnified eight times) 
in hazel nuts and acorns, within which Among the bectles we may perhaps include, 


the larve find an abundance of nourishing though they are often regarded as making 
food; while the larve of grain-weevils (species up a distinct order (Strepstptera), the minute 
of Calandra) [444] are extremely destructive bee-lice (Stylops, etc.), which also infest wasps 
in granaries (see page 1668). [443]. The female is simply a 
The female of the birch-weevil wingless egg-bag protruding from 
(Rhynchites betula) is remarkable the abdomen of a bee or wasp, 
for the artistic way in which she within which she is parasitic, but 
cuts and rolls up birch leaves into the male possesses well-developed 
elegant cases, wherein to deposit hind-wings, though the front ones 
her eggs. are reduced to mere vestiges. He 
Bark-beetles are very destruc- leads a grown-up life of fifteen or 
tive to the bark and wood of dead twenty minutes, devoting it en- 
or unhealthy trees, the tunnels tirely to wife-hunting, courtship 
driven in which are arranged in and mating. 
characteristic ways according to 7. Butterflies and Moths. 
the species. In a well-known For beauty and variety of coloura- 
British form (Scolytus destructor) tion these insects are quite un- 
the female bores a passage into a rivalled, and their attractive 
tree, and there lays her eggs. The appearance is primarily due to 
larva which hatches out from each the fact that the four wings are 
of these makes its own branch (am 7 covered with overlapping scales of 
tunnel [489] and ultimately passes rome different kinds [441]. The mouth 
into the pupa stage, from which a #48. COCOON CONTAINING parts are specialised to constitute 
perfect insect emerges. In some CHRYSALIS OF PUSS-MUTH a suctorial organ, made up of the 
of these forms the food consists not CNetaras size) second jaws (first maxille), while 
so much of wood as of a sort of mould (“am- the first and third jaws are greatly reduced. 
brosia ’’), which is said to be actually cultivated © Kach second jaw has become a half-tube, and the 
somewhat after the fashion of themushroom-grow- —_ two are hooked together to make up a proboscis, 
ing ants. For other insects of this nature refer- sometimes of great length, which can be separated 
ence should be made to the course on Forestry. into its halves for cleaning purposes [440, 455). 
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PRIVET 450. PRIVET HAWK-MOTH Tonge 
. sats CATERPILLAR 451. MALE PUSS-MOTH 
(Photographs by Prof. B. H. Bentley) (Natural size) 
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NATURAL HISTORY 


The life-history exhibite a very typical and 
familiar cternged omg From the egg (446, 
447}, which is o beautifully sculptured, a 
larva known as a caterpillar [450] hatches out 

ing not only the three pairs of jointed 
characteristic of the class, but also a varying 
number of unjointed pro-legs terminating in 
suckers. After feeding voraciously for some 
time by means of its powerful biting first jaws, 
and undergoing a number of moults, 
the caterpillad passes into the motion- 
less pupa stage [445, 448], here called 
a chrysalis, which may or may not be 
invested in a protective cocoon. The 
skin of the chrysalis ultimately splits 
and the perfect insect makes its way 
out (449, 451]. 

Butterflies [see Plate facing page 
3505] are typically distinguished from 
moths by the club-shaped thickenings 
at the ends of their antennex, and by 
the fact that when settling the wings 
are folded together over the back. In 
moths the antennz may be of various 
form, but very rarely club-shaped, and 
the rest-position of the wings is hori- 
zontal [449] or sloping downwards, 
while in some instances they may be 
more or less wrapped round the body. 

Egg-Laying Habits. The eggs are de- 
posited on various plants, singly or in small 
batches, as a rule, though exceptions to this are 
afforded by some species, such as the tortoiseshell 
butterflies [446], where a large number of larva 
live together in a sort of colony. It is an extra- 
ordinary example of instinct that the mother 
butterfly or moth should invariably lay her eggs 
on plants suitable for food for the caterpillars, 
as her own feeding habits aro entirely different. 
There is no maternal : 
solicitude, except per- 
haps in the egger- | 
moths and some other 
kinds which cover | 
their eggs with hairs , 
detached from their | 


A) 


own bodies. 
Caterpillars. 
Caterpillars make a 
very interesting 
study, their varying 
forms and characters 
being largely of pro- , 
tective nature; such 
are the numerous | 
stiff bristles covering | 
many of them [452], | 
which can some- 
times inflict painful 
or even poisoned wounds. These kinds are 
generally treated with respect by insecti- 
vorous birds, but cuckoos seem proof against 
indigestion, and eagerly snap up caterpillars 
which other species reject. In many in- 
stances, their colour and shading are such 
as to harmonise with surroundings, and 
make them inconspicuous, while different 
tints may be assumed by the same kind 
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452 GIPSY-MOTH 
CATERPILLAR 





458. STICK-CATERPILLARS 
(Photograph by Prof. B. H. Bentley) 


of caterpillar when feeding on the different 
food-plants which form its diet. . 

Very extraordinary are the larve of the loopers 
or geometers, so called from the looping nature of 
their progression, due to the absence of limbs, 
except near the two ends ofthe body. They are 
often known as “ stick-catgrpillars,” and when 
alarmed commonly hold on to twigs by’means of 
the last pair of pro-legs (claspers), and bend out 
their body obliquely, so as to look like 
branches [458], a delusion favoured by 
their colour. The muscular exertion 
involved is in many instances relieved 
by the spinning of an almost invisible 
girdle of silk. 

Warning by Colour. Some of 
the caterpillars which possess an un- 
pleasant taste are extremely conspicu- 
ous, their warning colouration securing 
a large share of immunity from attack. 
A good example is afforded by the 
larve of the cinnabar-moth (Calli- 
morpha Jacobee), which are marked 
with alternate black and yellow rings. 
It has been shown by experiment, for 
instance, that newly-hatched chicks 
reject them after the first trial, 
which is followed by obvious marks 
of distaste. After having learnt this 
lesson, a chick will avoid meal placed on a 
glass slide, to the under side of which is pasted 
a strip of paper painted with the cinnabar- 
caterpillar’s coat-of-arms. 

Curious warning attitudes are assumed by 
some caterpillars when alarmed, one of the most 
remarkable cases being that of the puss-moth 
(Cerura vinula) |458], which contracts its front 
end to look like a grotesque mask, and shoots out 
a pair of whip-like pink threads from the tip 
of its tail. Jt can 
also squirt out a 
highly irritant fluid 
from a pore below 
the mouth. The 
caterpillar of the lob- 
ster-moth (Stauropus 
fagt) is also a weird- 
looking creature, 
which, in its warning 
attitude, looks like 
a combination of a 
spider and an earwig. 

The Caterpillar 
at Home. Some 
caterpillars escape a 
good many enemies 
by the _ sheltered 
nature of their homes, 
as, for example, wood- 
boring forms, such as those belonging to the 
goat-moth (Cossus ligniperda), which tunnel the 
trunks of willow and elm, and remain for four 
years in the:larval stage. In other instances, 
protective cases or shields are constructed as 
a@ means of protection. The caterpillar of one 
species of clothes-moth (Tinea tonella), for 
example, moves about in a tube constructed 
of fragments of cloth cemented together. 


ed the name 
of ‘‘basket- 
meee worms” for the 

wens’ larve of certam 
by small moths 
(Psychide), the 
homes of which 
are generally 
cylindrical cases 
made up of bits 
of wood or simula: 
substances, and 
look very much 
like some of the 
tubes made by 
caddis-worms 
One basket worm 
constructs a spiral 
dwelling, looking 
exactly hike a snail 
shell, and entirely 
made up of closely compacted slik A some 
what different arrangement 1s found in the rather 
short caterpillar of a kind of 
moth (Hrastria scitula) which 
creeps about with a dish-cover 
shaped shield upon its bak 
[457], made out of the cover 
ings of scale msects which 
have fallen victims to its , 
voracity, for this 1s an excep 
tion to the general rule that 
caterpillars are vegetarians 
In some speciea—eg, thc 
peacock butterfly (Vanessa 
t0)—the larve: are associated 
together in considerable 
numbers, at least when 
young, and spin a sort of 
protective web for mutual 
benefit 

The Chrysalia. Sooner 
or later, a caterpillar becomes 
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454 PROTECTIVE MIMICRY 
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(Photo by Prot BR H Bentley) 





a hard shelled, motionless chrysalis, and there 


are many ways in which this may be proteeted 
Very often, before pupation 
begins, a thick cocoon of silk _ 
is spun, of which the most 
familiar instance 1s afforded by 
the larva (‘‘silkworm’”’) of the 
silk - moth (Bombyx mort) 
Sometimes cocoons are sv 
tough that provision must be 
made for the escape of the 
perfect insect In the emperor 
moth (Saturnia carpinr) it 18 left 
open at one end, save for the 

ce of a ring of stiff. 
closely set bristles, so arranged 
that they easily permit exit 
but forbid the sntrusion of an 
enemy A still more curious 
method 1s adopted in the puss 


When 
from the chrysalis, it 
uid contammng caustic 


thick and tough [448] 
the perfect msect esca 
excretes a corrosive 
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455 PRIVET HAWK MOTH 
(Photograph by Prof B Hj entley) 





»0tash, by which a part of the cocoon 1s dissolved 
urmg this process the head of the msect is 
protected by a fragment of the chrysalis skin 
Sometimcs protec tion 1s gained by the assump- 
tion of the chi ysalis stage underground, m which 
case there may either be a cocoon or not The 
privet hawk moth [448] ilus- 
trates the latter state of 
things The catorpillar of 
one of the British owlet moths 
(Brephos notha) bores into a 
tree trunk before pupating, 
first taking care to close the 
hole by spimning one o1 two 
silken screens to keep out foes 
An exposed cocoon commonly 
resembles its surroundings, 
and is thus likely to escape 
notice A good instance is 
afforded by the wood eating 
caterpillar of the goat moth, 
which at the end of its larval 
life bores its way to the sur 


456 LEAF BUTTERFLY 
(Photogiaph by Prof B H Bentley) 


mg a cocoon which, though 
mainly of silk, 13 covered by chips of wood 

A great many chrysalides are neither hidden 
away from sight nor in 
vested in cocoons, and 
may be found im all 
sorts of places, either 
hanging head downwards 
or disposed in the oppo 
site way In tho former 
case, attachment 18 by 
means of a pad of 
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457 SHIELDED CATERPILLAR hardened silk, and thé 


tip of the tail # some 
times provided with a 
pair of hooks fixcd into this 
When the tail is below it 18 
similarly fixed by a pad, while 
a girdle of silk often encircles 
the upper part of the body 
and holds it to the support 
Colour 1s in all these cases 4 
matter of great importahce 
Warning black and yellow tints are displayed un 
the case of the magpie moth (Abrazas grossu- 
3515 
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moth, thecocoon of which is very 459 cargRPILLARS OF PUSS MOTH 


darlataj—which wears the same livery in all 
thee stages of its existence—and in some other 
: , but the general rule is for exposed 
ides to be 
ery remarkab 
which the chrysalis is of different colour, accord- 
ing to the prevailing hue of the surroundings. 
is in markedly so in the small tortoiseshell 
butterfly (Vanessa urtice), light, dark, or even 
golden hues being assumed, according to circum- 
stan 


Ces. 
The Adult Stage. Coming now to the 
adult, or imago stage of butterflies and moths, 
there is an enormous amount of variety as regards 
size, shape, and colour, of which but a faint 
idea can be given here. On the one hand, we 
have the great atlas-moth (Atfacus atlas) with a 
12-in. spread of wing, while some tropical butter- 
flies (Orntthoptera) may attain to 7 in. or more; 
and, on the other hand, we have such insignifi- 
cant little beings as the larch-moth (Coleophora 
laricinella), which can scarcely span three-eighths 
of an inch with fully expanded wings. 

We have already had occasion to notice the 
mutual adaptation that exists between flowers 
and the members of the present order. The 
proboscis of a moth or butterfly is eminently 
adapted for sucking up the sweet nectar which 
so many blossoms afford, and its length in a 

icular species is proportionate to the depth 
at which the coveted treasure is hidden. Among 
our native species the hawk-moth is best 
endowed in this respect [455], and in some 
tropical forms it is even said to attain the 
length of 10 in when extended. When not in 
use this organ is rolled up into a spiral under the 
head [440]. 

Colours of Butterflies. The colours of 
butterflies and moths in their adult condition are 
éven more significant than those of caterpillars and 
chrysalides. Perhaps in the majority of cases they 
are of s protective nature, which accounts for the 
sober tints, specklings and mottlings which 
distinguish the bulk of our native moths. When 
most common butterflies settle and fold their 
wings over the back, only the underside of 
these is visible. and its tints are not of a con- 
spicuous nature If, as often happens, the two 
sexes are differently dressed, the female is more 
mconspicuous than her mate, an obvious advan- 
tage to the species. She may even he wingless, 
or practically so, as in the vapourer-moth (Orgyia 
antiqua), and is discovered by her ardent admirers 
by the sense of smell, their large feathery antennze 
indicating unusual endowment in this direction. 

But colour, aided by shape, is capable not 
merely of bringing about a general harmonising 
with surroundings, but also a resemblance to 
specific objects on the lines noticed for stick- 
caterpillars. An exceedingly pretty example of 
this is afforded by our common little buff-tip 
moth (Pygera bucephala). When this settles, 
the wings are wrapped round the body, and the 
insect strikingly resembles a little piece of broken 


is the case of some forms in 


stick, even the paler tint of the fractured end 
being accurately copied. The tro leaf- 
butterflies (Kallima) 0 much er. They 
settle on twigs [486], fold up their wings, and 
then look precisely like withered leaves. Two 
little tails on the hind-wings,come fogether to 
represent a stalk, mid-rib an branch-vBins are 
perfectly simulated, and the ak prea of two 
eo spots near the tips of the fore-wings 
even bring about the semblance of a hole drilled 
by some larva. There are also discoloured 
patches closely a the fungi so com- 
monly found on decaying leaves. 

Patterns and Designs in Colour. 
Warning colouration is abundantly illustrated 
among adult butterflies and moths. The glaring 
black-and-yellow livery of the magpie-caterpillar 
is retained by the adult, while the striped yellow- 
and-black blazer of the cinnabar-caterpillar gives 

lace to scarlet and dark brown. The pretty 
ittle six-spotted burnet-moth (Zygena filipen- 
dule) is made conspicuous by contrast between 
scarlet, very dark green, and some black. In all 
these cases the effect 1s heightened by pattern 
as wel] as actual colour. Spots and bands are 
characteristic A bold design in black upon a 
paler background 1s often very effectively em- 
ployed [464]. It may also be noted that in 
warningly coloured species both sides of the 
wings are much alike, and that the flight is 
deliberate. 

A number of species quite devoid of noxious 
properties and perfectly edible mimic more ot 
less closely their warningly coloured neighbours, 
and in this way enjoy a certain amount of peace 
and quietness A typical instance is figured in 
454. Remarkable cases have been described 
where the female only is a mimic, and is to be 
found in as many as three different garbs, simu- 
lating the same number of warningly coloured 
forms. Clear-wing moths (Sesttde) have come 
to resemble wasps and bees, and are thus 
undoubtedly in some measure protected. Their 
wings have Jost most of tha scales, so as to be 
transparent, and the body 1s banded with black 
and yellow or black and red, as the case may be 

Colour and Courtship. The most 
beautiful and artistic combinations of tints on 
the wings of butterflies are generally explained 
as being examples of courtship colouration, a 
view which 1s rendered probable by the fact 
that they are often best seen in the male. A 
beautiful native example 1s afforded by the 
orange-tip butterfly (Anthocharis cardamines), 
which has received its name from the pretty 
marking of the fore-wings in the male; and in 
most of the elegant Jit.le blues (Lycaenidae) the 
female is brownish with a bluish tinge, while her 
mate is of the most glorious azure. It must 
also be added that some of the colours and 
patterns of butterflies and moths may perhaps 
be explained as recognition markings, by means 
of which members of the same species are spared 


mistakes in identification of their kind. 


Continued 
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e Gothic Art—continued. A Period of Naturalism. 
Great Painters. The Dawn of the Art of ‘Free Expression” 
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By P. G. KONODY 


WE have exclusively dealt with the structural 
principles of Gothic architecture and the 
fdér-reaching changes brought about by the general 
adoption of the pointed arch. It is only natural 
that the sister arte of sculpture and aor 
which were then completely in the service of, 
and subordinated to, architecture, should have 
had to undergo corresponding modifications. 
With the reduction of solid masonry to a mini- 
mum, the demand for extensive wall paintings 
had practically ceased to exist. Their place 
in the new order of things was taken by huge 
stained-glass windows, and the painters had t. 
express themselves in small panel pictures for 
altar-pieces, which could no longer be monu- 
mental in character, but forced the artists from 
hierarchic dignity and lifelessness to the search 
for human emotions and movement. This 
signified the inauguration of a return from the 
traditional convention to the study of Nature. 
Gothic Sculpture. In sculpture, even 
more than in painting, naturahem tmumphed 
over formalism. Romanesque sculpture had 
been derived entirely from Roman and Byzantine 
sources. It was impressive at times and 
dignified, and well suited to the architecture by 
which it was set off. But the Gothic style of 
building, with its upward tendency and graceful 
slenderness, necessitated a different treatment of 
the human figure, which, in the hands of the 
medieval sculptor, became more flexible, 
slender, elegant, and expressive-—in short, more 
human. As in the preceding epoch, the repre- 
sentation of the nude remained beyond the pale 
of art, but, nevertheless, the form of the limbs was 
better under- 
stood, and the 
drapery treated 
in gently-fowing 
lines and ample 
folds. At thesame 
time the features 
lont their stony 
impassiveness, in 
the place of which 
we find serenity 
and even emo- 
tiona] expression. | 
A Period of | 
Naturalism. | 
More marked 


even than in ., 
soulpture, properly 61. GOTHIC CAPITAL IN ROUEN 


7 se the CATHEDRAL 

naturalistic tendency in Gothic stone carv- 
ing, where the forms of the local flora are 
repeated with astounding faithfulness, and with 
an appreciation of the beauty of Nature's 
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handioraft that has never been equalled at an 
other period. Some of the Gothic cathedra 
present in the stone carvings of the capitals, 
ee and niches a perfect course of natural 
istory—an encyclopxdia of the knowledge of 
the time, comprising scriptural history, legend, 
contemporary life in all its phases, the sciences 
and trades and crafts, animal and plant forms, 
allegorical 3s apnea of the forces and phe- 
nomena of Nature, and many other themes. 
This applies with particular force to the cathedrals 
of France [61]; 
but even in Italy, 
where the alien 
Gothic style 
never became 
properly natural. 
ised, we find a 
similar intention 
in the decorative 
adjunctstoarchi 
tecture. Thus 
the relief panels 
of the Florerice 
Campanile deal 
with the creation 
of Adam and 
Eve, ‘ Jabal— 
the father of such 
as have cattle,” 
“Jubal—the 
father of all who 
handle harps and 
organ,” Tubal (‘ain, the metal-worker ; Noah, the 
vine-grower ; astronomy, arithmetic, geometry, 
grammar, logic, rhetoric, music, building, 
pottery, wool weaving, law, the three elementa 
personified by «a horseman, Dedalus, and a 
ship with its crew; ploughing, transport, paint- 
mg and sculpture. This Campanile haa not 
maptly been called a “ Gospel of Intelligent 
Labour ” 

The Gothic craftamen of France and Germany 
attained great skill im the polychromatic treat- 
ment of stone carving, and more particularly 
of figures and reliets carved in wood, for altars 
and church decoration in general. That a 
period with a distinct leaning towards realism 
should not have neglected portraiture is only 
natural The beginnings of Gothic portrait 
sculpture must be searched for in the cathedrals, 
among the tomb slabs showing the figure of the 
dead carved in low relief. Then came the 
recumbent figure modelled in the round, and 
finally the kneeling figure in the attitude of 
prayer, in all of which the sculptors cn- 
deavoured to reproduce as faithfully as possible 
the features of the dead. 





80. SCULPTURE FROM THE 
CAMPANILE OF GIOTTO, 
FLORENCE 
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62. ORCAGNA'S LOGGIA DE’ LANZI, FLORENCE 


Ivory carving, too, was widely practised 
during the Gothic period, and no doubt 
exercised a great influence on the plastic art 
of that time. The shape of the tusk necessi- 
tated the adaptation of the pose of the figure to 
the curve. Perhaps the more flowing line and 
increased movement of Gothic sculpture, as com- 
pace to Romanesque, may to a certain extent 

due to the artist’s endeavour to fit his figures 
into a given shape, or indirectly to the accidental 
form of the elephant’s tusk. It is at any rate 
undeniable that many of the statues carved in 
stone or wood during the fifteenth century follow 
the swinging line of the ivory’s natura) growth 

Italian Gothic Art. In Italy, painting 
and sculpture had never lost their indepen- 
dent existence as completely as in the North, 
where the Gothic architectural system exer- 
cised tyrannical sway over the sister arts. The 
smouldering fire that burnt under the cold 
Byzantine tradition broke forth in brilhant 
flame in the middle of the thirteenth century 
in the person of Niccola Pisano, the creator 
of the famous pulpit in Pisa [63], who, in- 
spired by the antique, revived for a short time 
the noble grandeur of classicform. But Niccola 
was an isolated phenomenon, and his son, 
Giovanni, abandoning the direction indicated 
by his father, succumbed to the influence of 
the Northern Gothic, and gave his compositions 
dramatic intensity and comotional life in the 
place of antique impassiveness. His master- 
piece is the pulpit of St. Andrea at Pistoja. 

Whilst plastic art thus received a new impulse 
from Pisa, Florence and Siena were the centres 
where painting first broke the fetters of Byzan- 
tine formalism and achieved individual freedom. 
Cimabue, a thirteenth-century Florentine, has for 
centuries been held to be the father of modern 
painting and the teacher of Giotto. Modern 
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research has, however, nap bh him one by 
one of all the existing works that had been placed 
to his credit, and has made of him an almost 
legendary figure. It is now generally held that 
Cimabue was a mosaic worker trained .by Byzan- 
tines in the accepted tradition—an excellent 
artist, no doubt, who perhaps infused a little 
life into the stiff manner of his precursors. 
but by no means the epoch-making reformer 
of Vasari’s pretty tale. The famous Rucellai 
Madonna in Florence, and other panel pictures 
formerly attributed to Cimabue, are in all prob- 
ability the works of Duccio of Siena and other 
painters of the Sienese school. 

The “ First Modern Painter.” Whether 
Giotto was actually a pupil of Cimabue or 
no, one thing is certain, that his art has far 
more in common with that of the sculptor 
Giovanni Pisano than with that of his supposed 
master. Giotto (1266-1337) may be called 
the first modern painter. He was the first to 
paint objects and figures in a manner to make 
us realise without mental effort the plastic 
reality of his painted subject. Measured by 
the modern standard, his drawing is faulty, 
the figures clumsy and heavy, the perspective 
wrong ; out his was the first step towards free- 
dom of composition, dramatic life and move- 
ment, towards the realisation of an artistic 
ideal beyond the merely forma] beauty of har- 
moniously arranged line and colour. To appre- 
ciate his work fully, one has to study his glorious 
frescoes in the Arena Chapel in Padua, at St 
Croce in Florence, and at St. Francis in Assisi. 
Like most of the early Italian masters, Giotto 
was well versed in many arts. His combined 
achievement as architect and sculptor can be 
admired in the Florence Campanile [60]. 





Brogt 
68. PULPIT, PISA, BY NICCOLA PISANO 


In his painting, as in his sculpture, he, like 
all the leaders in art, drew his inspiration direct 
from Nature. And like all those who turn awa 
from Nature to imitate consciously the st 
of a master, the followers of Giotto—the 
“‘ Gjottesques ”—lost sight of the real significance 
of things, copied the weaknesses and the mere 
outer gorm of the admired models without 
grasping the spirit, and delayed the progress of 
painting by a full half century. Giotto the 
painter had logically transferred to another 
sphere, and developed the principles underlying 
the work of the sculptor Giovanni Pisano. It 
was a sculptor again, Andrea Pisano, who was 
Giotto’s legitimate successor ; and whilst painting 
was under a temporary eclipse, Andrea and hix 
pupils infused vigorous life into the art of relief 
sculpture. With the seriousness and sincerity 
of Giotto, and with that master’s disregard of 
conventional form, he combines an increased 
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drapery, and humanised the expression of the 
faces, though he did not go far in giving individual 
character and emotion to each figure. His 
successors, among whom Simone Martin, Taddeo 
Gaddi, and the Lorenzetti were the most promi- 
nent, continued in the same direction. The 
Sienese were ever more concerned with expressing 
the inne: life of the soul than the physical life of 
the body. It was a natural consequence that 
they excelled more in the small panel picture 
than in the large fresco. The Sienese School 
did not have the vitality of the School of 
Florence, and fell into decay when the art of 
the rival city achieved its greatest triumphs. 

A Great Florentine Painter. Fra 
Giovanni Angelico da Fiesole (1387-1455), a 
Dominican monk. is the last great Florentine 

ainter of the Gothic period, and the first of the 
arly Renaissance. In his art, pure, spiritual. 
ardent, and sincere, he proves himself a follower 
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sense of pure beauty. His bronze gates of the 
Florence baptistery represent him at his best. 

The greatest of the ‘‘ Giottesques” is Andrea 
del Cione, called Orcagna, Andrea Pisano’s pupil, 
and equally famed as painter, sculptor, gold- 
smith and architect. The Loggia de’ Lanzi [62] 
m Florence is said to be built from his plans; the 
solemn, splendid fresco of the Last Judgment in 
S. Maria Novella, and the mchly sculptured 
Gothic tabernacle at Or San Michele in Florence, 
are wrought by his hand, though the famous, 
naively realistic “Triumph of Death” fresco 
at the Campo Santo in Pisa, which was formerly 
attributed to his brush, is now held to be the wor 
of the Sienese Lorenzetti [64]. 

What Cimabue was believed to have done 
for painting in Florence, Duccio di Buoninsegna 
certainly did for Siena. He, too, broke away 

Byzantium, gave life to his figures, suggested 
the human form under the nobly-arranged 
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64. PART OF THE PAINTING OF THE TRIUMPH OF DBATH, PISA, BY LORENZETTI 


of Giotto in the dramatie conception of the 
subjects and in the freedom of his grouping, 
whilst the soulful, emotional depth of his 
sentiment and the celestial beauty and purity of 
expression are derived from Sienese sources. He 
is the most lovable painter of all times, the 
painter of heavenly bliss, of pure Christianity, 
of angelic beauty. The spirituality and saith: 
ness of his art is so striking, and has been laid 
80 much stress on, that many critics have over- 
looked another and scarcely less important side 
of his character, his systematic study of the 
antique, of the human form and of Nature in 
general. He was the first painter who repre- 
sented the Christ-child entirely naked, and drew 
the nude forms, not from imagination, but from 
the living model; the first Italian who painted 
an actual landscape from Nature ; one of the first 
to study aerial perspective, to introduce actual 
portraiture into his frescoes, and classical forms 
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65. A FRESCO BY FRA ANGELICO, IN THE MUSEUM OF ST. MARK, FLORENCE 


into his architectural backgrounds. For all 
these reasons Fra Angelico must be accorded a 
position, and no mean position, among the 
painters of the Italian Renaissance. To appre- 
ciate Fra Angelico’s position in the art of his time, 
it is necessary to study his wonderful frescoes in 
the cells of S. Marco in Florence and in the 
chapel of Nicholas V. in the Vatican [65]. 

The Renaissance. The great movement 
in art and letters, known as the Renaissance, had 
its beginning in Italy in the early part of the 
fifteenth century. In the Gothic period art had 
been almost entirely at the service of the Church. 
Fostered by the spread of humanism, which, 
under the rule of the Medici family in Florence, 
led to the establishment of a Platonic Academy, 
the dormant love of the Italians for the forms 
of classic art, which are so closely connected 
with paganism, was given a new powerful im- 
petus. Scientists and men of letters, architects, 
painters and sculptors devoted themselves to the 
study of classic literature and antique art, 
the writings of Greek and Roman poets and 
philosophers were popularised, the fragments 
of antique sculpture unearthed, the ruins of 
classic buildings investigated, and the lessons 
derived from them applied to the creation 
of new monumental buildings. At the same time, 
and as a result of the “renaissance” or “ re- 
birth” of classic knowledge, art became to 4 great 
extent secularised, and its patronage passed 
from the Church to the Courts of the Princes and 
tu the wealthy citizens. In the North, the 
Reformation, coincides with the Renaissance, 
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and even in Italy, where the Church enlisted 
the service of the masters that had arisen under 
the influence of the humanists, new fields were 
opened to the activity of architects, painters 
and sculptors. Mythology, classic literature 
and portraiture, entered into the range of subjects, 
and though some of the greatest churches and 
monastic buildings belong to this period, the 
great architects of the Renaissance found their 
chief employment in the building of palaces. 

“An Art of Free Expression.” 
Nothing could be more erroneous, however, 
than to think that the principles of Renaissance 
architecture were a mere repetition of the re- 
discovered classic forms. The style is based on 
the revival of the classic orders, but these are 
applied in an entirely new manner, suitable to the 
modern requirements. As Professor Banister 
Fletcher has tersely put it, ‘“‘ Architecture ceased 
to a certain extent to be subject to the considera- 
tions of use, becoming largely independent of 
constructive exigencies, and to a greater extent 
an art of free expression in which beauty of de- 
sign was sought for. Speaking generally, there 
was an endeavour to reconcile the Gothic and the 
Roman method of construction—t.e., the body 
and the dress were the same thing constructively, 
because the architects of the period, attracted by 
the mere external appearance of ancient Roman 
art, but perceiving that this form was merely 
an envelope, continued in the matter of construc- 
tion to a large extent to follow the traditions 
of the Middle Ages, which did not separate the 
structure from the decoration.” 


Continued 
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By HERBERT J. ALLPORT, M.A. 


SURDS 

119. In Article 143 of Arithmetic [page 1440] 
a surd was defined as a root of a number which 
cannot be determined exactly. Thus ./7 and 
3/5 are surds. In Algebra, such expressions as 
*/a2 and ./y are called surds, although if x 
and y have particular values, the resulting 
expression may not really be an arithmetical 
surd, For example, if y= 25, then ./y is not 
really a surd, since its value is ./25, or 5. 

120. Surds are really cases of fractional 
indices, and therefore are subject to the laws 
of combination established in Article 117. 

Thus, we know that 


Mata’ fArt. 114], 
and that 
Vila = ale, 
Hence, 
a en, a Saas ™ al 
Vax Ma =a 12 [Art 117] 
= at = Va) 
121. Surds are said to be of the same order 
when they have the » same root index. 
Thus ,/7 and Va+h are surds of the second 
order, or quadratic sw ds 
‘Ma, Mata a, are surds of the third order ; 
and, gonerally, 's/r is a surd of the uth order. 
122. Any rational quantity can be expressed 
as asurd. For example, to write 4 as a surd of 
the third order, we have 
4/4}. 
Again, a surd of any order can be converted 


into a surd of a different order. For instance, 
to transform {1/5 into a surd of the 9th order, 


K/5 = 53 ia 5! _ as 

128. Any two surds can he transformed to 
surds of the same order. This order will he 
some common multiple of the given orders. 
For convenience, we generally choose the 
lowest common multiple. 

Example 1. Reduce 3/4 and 4/3 to surds 
of the same ordcr. 

The L.C.M. of 3 and 6 is 10. 


S/4= 43 aa 4is a 18/49 


Hence, 


and 
5/3 = 33 = 315 = 1/35. 
so that the given surds are now expressed as 
surds of the 15th order. 
We are thus able to compare the magnitudes of 
two or more surds. 


2/98— J181 5/8 


Example 2. Which is the greater 3/17 or 


é e 
As in Example 1, we have 


N17 = V7- 
JT= V7) = W343 ; 


so that, since 343 is greater than 289, it is clear 
that ,/7 is greater than 3/17. 
124. Since 


W/280, 
and 


1 1 1 
"lab = (ah) ao a” ; b” eas "/a . "/b, 
we see that the product of two surds can be 
simplified by reducing the surds to the same 
order, 
Iixainple 1. 
/48. a 
J27 x /48 = s/27 x 48, since the given surds 
are both of the second oder. 
= /3x 24 by putting 27 and 4é 
' into factors, 
= 8x2? = 9x4 - 36 Ans. 
Conversely, we can sometimes put # surd inte 
tactors, thus, 
Example 2. Express 147 in its simplest 
form. 
J147 = S49 x3 = SKK J B= 7/3 Anse 
125. Surds are said to be /tke, when they can 
be reduced so as to have the same irrational 
factors. 
5/20 and 2,/45 are like surds, for 


B20 = Bx 4x /5= 10S, 


Find the product of ./27 and 


and 
2 MMh=2x /9x Si= 6h. 

Clearly, the algebraical sum of hke surds is 
obtained by collecting the coefficients, the result 
forming the coefficient of the sum, the irrational 
factor of the sum being the same as in the surds. 

Example 1. Simphfy 2,/08— /18 | b4/8. 
2/49xu— Dy 2t brave 
14,/2 3/21 10,/2 

~= (14-54 10) /2 
= YI/2 Aus. 

Example 2. Simplify 
Given expression 


2/16 xh 4 /3-4N4x3—74xb 
=8/Jb+ /3-8/3-2/b 
= (8-2) /5—-(8-1) 3 
=6/0-7/3 Ans. 

Note that unlike surd} cannot be added o1 
subtracted, so that 6/5 — 7,/3 admits of no 
further simplification. 

a 352] 


—_ 
— 


MATHEMATICS 


126. A compound surd is an expression in- 
volving two, or more, simple surds, 


Compound surds are multiplied together in 
the same way as other compound aigebraical 


expressions. [See Article 27, page 2148. ] 
Example. Multiply 


3/5 + 2/3 by 2./5-5./3. 


We have to multiply every term of the one 
Hence, 


expression by each term of the other. 
the product consists of 


(3/5 x 2./5) + (2,/3x 2/5) -(3,/5 x5 ./3) 
— (2/3 x 5/3) 5 
or 
30+ 4,/15 — 15/15 — 30, 


which, on collecting terms, gives—11,/15. The 
work can be arranged as in Article 27, thus, 
3,/6+ 2/3 ~ 
2,/5- 5/3 
30 + 4,/15 ? 
—15 ,/15 —30 


30° =11,/15-30=-11,/15 Ans. 


rational expression for the product. 
For, by Article 34, page 2150, 


(Jet aly) (Sa Jy) = (Jt)? — (/y)? = r= y. 


Two binomial quadratic surds, which differ 
only in sign, are said to be cunjugate to one 
Hence, a binomial quadratic surd is 
rationalised by multiplying by the conjugate 


another. 


surd. 
128. When a fraction has surds in the denomi- 
nator, the denominator can be rationalised, and 
the numerical value of the fraction is then found 
more easily. 
Example 1. 


[7 
“We have only to multiply numerator and 
denominator by ./7. Thus 


14 14x TMT Lo Ans 
Ui aie % aie 
Example 2. Rationalise the denominator of 
2/34 3,/2 
b+ 2,/6 © 
The denominator becomes rational if we 
multiply by the conjugate surd 5 — 2,/6. We 
therefore multiply both numerator and de- 
nominator by 5-2,/6. Hence, 
2/3-+ B/2_ (28+ 3/2) (5-2,/6) 
6+ 2,/6 (5+ 2,/6) (6-2,/6) 
_10/3+ 15./2-4,/18-6,/12 
Bb = 24 
= 10,/3+ 15,/2—12,/2-12,/3 
= 3,/2-2,/3 dns. 


Example 8. Rationalise the denominator of 
1 


1+ 2+ /3 
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127. If we multiply together the sum and the 
difference of two quadratic surds, we get a 


Rationalise the denominator of 


We have 
1 ae 1+ ,/2- /8 
1+ /2+ J/3 (1+./2+,/3) (1+ J2— 8) 

= 1+ J2-/3 | 
1+ ,/2)?— (73) 

as ‘s fa “yY : 

~ B+2,/9-% 
1+, /2- /8 


ea oo Ans. 


129. We come now to an important pro- 
position in surds. 

If a+ /b=2+ ,/y, where a and x are 
rational, and ./b and ,/y are irrational, then will 


a=zandb=y. For. since 
a+ /b=2+,/y. 
Therefore, : Me 
a—x+/b=,/y. 


Squaring both sides we have 
(a—r)?+ 2 (a~xr) /Jb+ b= y; 
so that . 
2 (a-—r) /b=y—b-(a—2r)?. 

Hence we have an irrational quantity equal 
to a rational one, unless the coefficient of /b is 
zero, in which case the left-hand side of the 
equation becomes zero. But a rational and an 
irrational quantity cannot be equal. Therefore 
the coefficient of ./b must be zero, t.¢.,a—.c = 0, 
sothata =r. It follows, from the given relation, 
that ./b=  /y, orb =y, 

Norr. Since a=.2x and ,/b = ,/y, it follows 
that 

a— f/bo=wr— sly. 

It must be remembered that the result just 
established ix only true when ,/b and ./y are 
really irrational, 7.c., 0 and y cannot have 
values which are perfect squares. 

For example, it is true that 

4+/9= 34.16; 
but this does not tell us that 4= 3 and 9 = 16. 
130. —sdMIf 
aot /b = Pe og Ys 
then will 
nla = /b = /t— AY 
For, squaring the given relation, we have 
a+ /b=atyt2r/ry; 
and, by Article 129, we may equate the rational 
terms, obtaining 
a@=—r+y . . .. (L) 
and we may also equate the irrational terms, 
obtaining 
nib—2r/ey. 2 2 « «6 (2) 
Subtracting (2) from (1) we get 
a~ /b= x+ y-2,/ry 
= (,/a— \/y)?. 
Therefore, 
Ja /b=J/z- Jy. 

131. The square root of a binomial which 
consists of a rational term and a quadratic surd 
can sometimes be found. 


Find the square root of 9+ 4,/5. 


J9+4/5 = /at+ Jy . . (1) 
Then, by Article 180, 
° V9-4,J5=Je- Jy. « « (2) 
Multiply (1) by (2). Then 
2—y =9/0?— (4/6)? = /81-80=1. . (3) 
Squaring (1) and equating the rational paits, 
we obtain 


Example. 
t 


e+y=9 . . . . (4) 
Solving (3) and (4) we tind 
x=), y= 4. 
Hence, 
94415 = J+ /4= J5+2 Ans. 


132. We can, however, generally write down 
the square root by inspection. The square of 
Jet ,/y is oo 

aty t 2/ry. 
Therefore, 
Jot yt 2fry = Set aly. 

Hence, the square root of A+ 2,/B, where the 
coefficient of ./B ts 2, is ./x+ ./y, « and y being 
such that 

‘x ty=Aand zy — B. 

In the example of the Jast Article, to find the 
square root of 9 + 4,/5 we muat first make the 
coefficient of ,/5 equal to 2. Thus 

9+ 4/5= 94+ 2/2xh = 9+ 2,/20. 

To obtain the square root we have now only to 
find two numbers whose sum is 9 and whose 
product is 20. These are easily seen to be 
4 and 5. Hence 

J9+4./5 = /4+/5 = 2+/5 Ans. 


188. Equations Involving Surds. We 
shall now solve one or two equations in which 
the unknown quantity appears under the square 
root sign. 

Example 1. Solve ./a+J/5x+1 = 2. 

We bring a single radical term to one side of 
the equation, and put everything else on the other 
side. Thus ao 

2- Jr=Jbr+1. 

By squaring, we get rid of the radical on the 

right-hand side 
4+ 6-4 fre br+ 1. 

We now collect terms, and again put a single 
radical term on one side and everything else on 
the other, and square. Thus, 

4/e=3-4r *° 


Therefore, 
6c = 9-24" + 1627, 
16x’ -40r + 9= 0, 
(42-9) (42-1) = 0. 
Therefore, 


a= or} Ans. 
Example 2 Solve 
J16—Fr— 22 = 2? + Tx- 
Here it should be noticed that the coefficients 
of z? and x under the radical sign, viz., — 1 and 
- 7, are in the same ratio to one another us 


the coefficients of 2? and x in the rest of the 
equation. Whenever this is the case, the equa- 


MATHEMATIC® 


tion is transformed into a form readily solved if 
we put the radical equal to y. 


hus, let ; 
J/16—-Fa—a = y, 
Then, ; 
16-72—-x=y. . . . (1 
Thorefecre, . w) 


2+ Tx= 16—y?, 
Therefore the given equation becomes 


‘ 1 
= 14- Le wah 150 
y —yY 4? 


or ; 
427 + 4y—63 = 0, 
Whence, 
at 9 
y= -5 or 2° 


Substituting these values of y in (1) we obtain 
two quadratic equations, viz., 


16- 72-2? = 
and 
81 
16—77—x2= ; 
Ty — a7 


Solving these, we obtain four values of 2, 


Y= a = oe oY eS Ans. 
EXAMPLES 33 
Simplify 


1. /4b— ,/20. 
2. 3/48 + 5/27 -2/12. 
8. 44/24 — 4/81. &. /82+ ./72. 
4 J13x Jo. 6. /27 x i/9. 
7. Multiply 3,/2— ./5 by 2,/2+4+ 3.,/6. 
Find the square roots of 
8. 11+ 4./6. 
9. 92-7 /12. 
10. Sunplify 
1— /2+ J/8_ 1- /2-/8 
14/21/38 14+ /0- /3' 
Solve the following equations 
1.14 8rJ/1-2 Ort 
12. Jixv+1— /e = 1. 
18. /o8— 11 — S180 +7 = 8. 
Answers to Algebra 
ICXAMPLFSs 81 


1. a-b4+ 2. 4. 2r'—-w t 3 
2 a} be — 2ex?, 5. wim ary | Dy". 
go 7 4 Thy 6. at? 4 4 
H) 3 x x 
EXAMPLES 32 
1. ), 5 a” 
2, 1, oy 
: 6. x! , 
3. ‘ 
16 1. “le 
4. 12h 8 yh 


yr 7 r? s 
‘. ple he an ee 
9. Qx-4+2x2y! - Sx-ys —Qry4+4arys—y!. 
a | 
10. x°-—2x'41. 
11. Yx’-—32 14+ 4774. 
12 Yx7’-1-22 2. 
138. g- Ox? 1420 b 40°21, 
Continued 
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MUSIC 
25 Pedal Changes for Major Scales. The Melodic and Harmonic 
siutiicad tesa Minor. Chromatic Scales, Fingering. Modulation. Key “Colour” , 
rege 





By ALGERNON ROSE 


COMPARED with the pianist, the harpist may 

be said to learn his scales backwards in 
regard to their signature. Doubtless, many harp 
teachers have explained verbally how the pedal 
changes are made in the simplest way into all 
the different keys, but we have not come across 
any such information in print. The SELF- 
Epucator may therefore be particularly help- 
ful at this juncture. 

The fact that the natural scale of the double- 
action harp contains seven flats, B, E, A, D, 
G, C, F, need not perplex. These flats corre- 
spond to the number of levers in the pedestal 
of the instrument. Write them down in their 
proper order on a piece of music-paper. To 
put the entire compass of the harp into a key 
which has six instead of seven flats—namely, 
Gb—what has the student already done? He 
has knocked off the last flat, F, in the signature 
of the harp’s natural scale. In other words, 
he has put down the F pedal one notch. Like- 
wise, to play m the key which has five instead 
of six flats (DD major), he deletes the next 
flat, C, by slipping down the C' pedal one notch. 
To play in AD, which has four instead of five 
flats, he gets rid of the next accidental, G. 
How’? By lowering the G pedal one notch. 
To transpose the instrument into E9 major, 
which has three instead of four flats, he ex- 
punges the D? in the signature by depressing 


Ex. 18. 
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Ex. 17. 


MODULATION FROM C MINOR TO G MINOR 


3.2 a. = 2 


the D pedal one notch. To modulate all the 
strings into B? major, which has two instead 
of three flats in the signature, he takes away 
the redundant AD by lowering the AD pedal 
one notch. To get into the key of F major, 
which has one instead of two flats, he dismisses 
the ED by putting down the ED pedal one 
notch. Finally, to get rid of the BP, he puts 
down the BD pedal one notch. All the pedals 
are now down. 

lt is as if a company of soldiers were kneeling 
instead of standing to shoot. Every string 
throughout the instrument has been raised half 
a tone, just as the sights of the soldiers’ rifles 
have been raised to get a longer aim. So the 
key of the harp is now (fy, represented by the 
white notes on the piano. The next problem is 
to get into the sharp keys. What has the 
harpist to do? The key with one sharp is 
G major, in which the accidental is F. To 
add this, press down the FO pedal to the 
second notch. This raises all the blue strings 
a second semitone. The key with two sharps is 
D major, of which the second accidental is C. 
Press down, therefore, the CD pedal to its 
second notch. This raises all the red strings 
another half-tone. That key which has three 
sharps is A major. GZ has to be added. 
Therefore, lower the GD pedal to its second 
notch. FE major rejoices in four sharps, the 


[G Minor} 
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Consequently, to get it, down 


fourth ten Ei 
D 


goes the ani to its bottom notch. 
B major is the key with five sharps, the fifth 
being A. So lower the AD pedal to its second 


notch. The key with six sharps is F § major, 
the sixth being be In the same way, depress 
the ED pedal as far as it will go. Lastly, the 
key with seven sharps is (Z major, the seventh 
accidental being B. Therefore, lower the BD 
pedal in the same way. 

All the pedals are now down to the second 
notches. It is as if the seer ety of riflemen 
are in a prone position, with all their sights 
put up as far as they will go so as to enable 
shooting at the maximum range. In the same 
way that, if all the pedals are put up, there are 
seven flats in the signature of the piece to be 
played, so now, when all the pedals are down 
in the second notch, the harp is transposed 
into a key with seven sharps. 


Minor Scales. Hitherto we have con- 
fined our attention to the major scales. But 
the minor form, which, as its name implicy, 
occupies a subordinate place to the major, has 
undergone many changes. Originally it was the 
tone-system in common use, having been derived 
from one of the ancient Greek forms and intro- 
duced thence into the music of the Early 
Christian Church. In ancient harp music there 
are plenty of melodies built up on the old Greck 
scale. Being the most ancient of stringed instru- 
ments, the harp was tuned in a minor rather 
than, as now, the major mode. Consequently 
it is the system of tuning rather than the nature 
of the instrument itself which makes it so difh- 
cult to-day to render chromatic passages on 
the double-action harp. Even if the instrument, 
however, were tuned differently, it would not 
enable it to meet the requirements of certain 
modern composers. The only result would be 
80 to confuse the player as to necessitate his 


--4-4-4-3- 


relearning the instru- 
ment. The old Greek 
minor soale is shown in 
Ex. 17. (The previous 
Example, Ex. 16, is ro- 
ferred to later.) 

But this system gave 
no leading note or sound 
& semitone below the 
tonic, essential in the 
modern form of the scale, 
If the G only was sharp- 
ened, that meant that 
the interval from F{ to 
GZ exceeded a whole 
tone. It was long con- 
sidered admissible to aug- 
ment the tone in such a 
way. So the F was raised 
to Ff q, and tho first alter- 
ation of the Greek system 
sounded as Ex. 18. 

Yet, although the offect 
was delightful as the 
=e sounds rose from the 

loweat to the highest notes, 

they were too much like 
the major scale when they went downhill. 
Consequently, the sharps to G and F in de- 
scending were omitted. That simple alteration 
gave the Western world what 1s known as 
the “Melodic Minor Scale.” In the method 
of transition coming down the change con- 
trasts pleasantly with the well-defined steps 
going up. The ssthetic reason for the charm 
which the ear finds in the melodic minor are dis- 
cussed at length in Helmholtz's “ Tonempfin- 
dungen” and Pole’s “ Philosophy of Tone ” 
In the melodic minor the sound-ladder is as 
written in Ex. 19. 


The Harmonic Minor.  (‘onsidering 
how many modes, or series of different scales, 
were required to satisfy the ears of the Grecks, 
as those of the Indians and Chinese to-day, it 
is remarkable that Europeans tor a long period 
contented themselves with only two forms, 
the major and the melodic minor It took 
centuries before theoreticians would allow that an 
augmented tone was permissible. They agreed 
that a leading note going up to the tonic was 
wanted. This necessitated, to their minds, 
the F§ as well as the GY. Practical musicians, 
nevertheless, began to associate Fg with Gs. 
Eventually, therefore, practice overruled theory. 
Not only was the ancient Ff restored, but the 
descending was made to conform with the ascend- 


ing scale. The result was our modern sequence, 
known as the harmonic minor. [Ex. 20 | 
Ex. 23 


Dy ee we oe 
SE _ 


——— ~p- 98+ --— 

Sires 4 Ee s 4 

ee PE <* Ae 
= —— 


The problem of putting new wine into old bot- 
tles, we know, is difficult to solve. The modern 
musical wine, with its abundant discords, is some- 
what at variance with the anatomy of the ancient 
harp. Ingenious as is the double-action mechan- 
ism of the modern harp, composers are too often 
unmindful that it is essentially a diatonic in- 
strument. Jt will have been perceived, by the 
pedal changes already given, that transition 
from major keys to those vega related to them 
is simple. But the student will long since have 
become aware that, if the FD) pedal is depressed, 
he cannot raise the tone of one F without 
affecting similarly the sounds of all the other F's, 
or any other note chosen, throughout the scale. 
To make an instrument, therefore, which is 
essentially anti-chromatic dodge about in 
detached semitones renders exceedingly difficult, 
if not impossible, the execution of rapid passages 
where the accidentals ascending are unlike 
those used when descending. 

Wagner, and later eminent composers, have 
not infrequently recorded passages for the harp 
which are most embarrassing. Professor Prout 
instances, in the final scene of the ‘* Walkiire,”’ 
a phrase consisting of four groups of semiquavers 
in each bar, requiring, in almost every little batch, 


Ex. 24. AD Minor 


a change in the harp of two and sometimes 
three pedals. Clearly such sequences of notes 
are opposed to the character of the instrument. 
Yet an orchestral player is expected to make 
bricks without straw, and the sooner the , 
ambitious student realises that fact the ‘Setter 
will it be for him ultimately. 

The Chromatic Harp. To meet the 
demand of certain modern composers who score 
for the harp as if it were a piano, M. Gustave 
Lyon, of Paris, introduced in 1903 a harp with- 
out pedals, but with the strings arranged so that 
those representing the white notes of a key- 
board are on one sideof the playerand the black 
notes on the other. Although this arrangement 
met with favour at the Brussels Conservatoire, 
it has not been taken up by harpists gencrally. 
As pointed out by Mr. George Morley, it deprives 
the instrument of its strong individuality with- 
out imparting to it the capabilities of the piano. 
Therefore, the student can scarcely hope to have 
access to such an extra instrument on the 
orchestra. If he is ambitious, there is nothing 
for him but to get through, as best he can, the 
enharmonic briars and brambles with which 
the modern composer takes a weird delight 
in pricking the harpist’s fingers. 
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Chromatic 
liminary illustration of the difficulties to he 


Difficulties. As a pie- 


encountered, let the student 
with one hand, going up and down the scale 
in semitones. Endeavour to play each note 
in strict time A child can do this on the piano 
without trouble, but to accomplish the same thing 
on the harp means putting into action in rapid 
succession, for the first. octave only, some tive 
pedals, quitting them as promptly, and _ re- 
peating the same gymnastics in the octave above. 
[Ex. 21.] 

It is customary with composers who are 
considerate to warn the player to prepare in 
advance for a pedal change by inserting in 


ractise slowly 


the music “G$" “F” “E” or whatever - 


note is coming that is foreign to the key 
signature. When minor keys are executed at 
even moderate speed it will, of course, be evident 
that the requisite pedals must be changed almost 
instantaneously. 


Two Harps. But in one sense the com- 
poser, instead of being denounced for writing 
detestable passages, ought to be thanked by 
harpists. The peculiar difficulties he has set 
down have frequently led a caretul conductor 
to engage two performers instead of one at a 
concert, and, consequently, pay double fees. Two 
harps also, by interweaving part. and playing 
what are known as “cross fires,’ get a clearer 
and better effect in certain passages. [Ex. 22 | 

Now put up all the pedals so that the harp 1s 
in its natural scale, or signature, of seven flats. 
Take the minor scales systematically, as was done 
in the case of the major. A minor third below 
CD is AD. This, therefore, is called the 
“relative” minor of the major scale already 
played. But the semitones in the minor scale, 
instead of, as in the major coming between the 
third and fourth and seventh and eighth 
notes im ascending or descending, now occur 
in the harmonic minor, it must be remembered, 
between the second and third, fifth and sixth, 
and seventh and eighth, and the same in des- 
cending. In the melodic minor, however, they 


come between the second and third and seventh 
and eighth notes going up, and tho sixth and 
fifth and third and second coming down. Tho 
latest word in harp-playing at the time of writ- 
ing has been said by M. Ra hacl Martenot. But 
even he, in his ‘‘ Methode de Harpo: Théorique 
et Practique,” confines the attention of the ad- 
vanced student, when it comes to minor scales, 
to the harmonic form. Before beginning the AD 
harmonic minor, play with all the pedals up tho 
tonic chord. Next try the dominant chord given 
in the example, consisting of the notes ED, BD, 
Db, ED, andGg. To get the (4, lower the third 
pedal on the right to the firat notch, [Ex. 28]. 

The Fingering. No matter how many or 
how few sharps or flats a minor scale contains, the 
fingering is uniform in all keys. When the harp 
is played in octaves, it is the same for both hands. 
Herein the student has a groat advantage over 
the pivnist. Prepare tho left hand for the AD 
(third ledger line, bass clet, below staff), and the 
right hand for the AD (first space, bass clef) 
an octave above. Care should always be taken 
in preparing the fingers not to touch the strings 
prematurely, so as to prevent any unnecessary 
vibration, The student also should make 
it a rule to familiarise himself thoroughly with 
one difficulty and overcome it before proceed- 
ing to the next. Strike each AD with the third 
finger ; the B» with the second finger ; the C9 
with the first; and the DD with the thumb; 
always making preparation in advance. For 
the ED above use the third finger; for the 
FD, the second; the Gg, the first; and AD, 
the thumb. For the BD strike with the second ; 
the ('), the first; the DD, the thumb; and the 
Eb, the third. For the FD use the second ; 
Gif, the first; AD, the thumb; and B), the 
second. For the C5 above, the first’; the 1D, 
the thumb ; ED, the third ; and FD, the second. 
For the Gt, the first finger; AD, the thumb ; 
B), the second ; and ©, the first. For the D9, 
the thumb; E), the third ; FD, thesecond ; and 
Gg, the first. For the top A>, completing a 
four-octave scale, use the thumb. 
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In descending, reverse the order of the fingers, 
so that the digits strike the same notes in 
like sequence as in ascending. Now, there is 


nothing bewildering in all this. It is really 
simple. The student should write out the notes 
and fingering for himself. He will then observe 
that, in going up, the third, second, first and 
thumb are used twice. Then comes a change to 
second, first, and thumb, followed by first, second, 
first, and thumb ; and that order is continued up 
to the top A, the same rule applying when 
coming down. 


Modulation. The gymnastics, therefore, 
do not occur in the fingering, but in the pedalling. 
sae accustom the eye to read at least a bar 
ahead, because the pedals have to be changed 
and released while the scale is being played. 
As uniformity in the rate of progression by both 
hands is indispensable in scale practice, the effect 
will be unsatisfactory if pauses are made to 
enable the feet to do their work. A “scale” 
smplies a ladder, as the word is derived from the 
Latin, scala. The art in scale playing is there- 
fore to run up and down the imaginary ladder 
in such a way as to make the gradation in the 
series of tones or half-tones so regular that the 
steps may not be noticed. The sounds must 
flow evenly, thereby concealing the art which is 
necessary for their production. But the musician's 
ear is dissatisfied if one minor scale, say, 
in seven flats, is ended abruptly, and the next, 
in six flats, begins immediately, without some 
appropriate chord intervening. What is wanted 
is a tonal bridge, so that the two keys may be 
linked by appropriate modulation. To trans- 
pose the harp from a major scale in seven flats 
into one in six, we knock off, as already ex- 
plained, the last flat in the signature—namely, F 
—by depressing the second pedal on the right 
one notch. But before doing this, after com- 
pleting the scale of AD minor, confirm it by its 
dominant chord, which con- 
tains Go. For this the right Ex. 29. 
pedal has to be put down. 

To get the first inversion of [7 
the new dominant, before 
finishing with a perfect cadence 
leading into ED minor, put 
down to the first notch the 
second (F) pedal and the third 
left (D), reinserting the GD by 
releasing the third right pedal. 
After practising the ED minor 
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scale, modulate in the same way (by depressing the 
C and A pedals one notch, and releasing the D 
pee) into the key of BD minor, with five flats. 

he obliteration of one flat in each ier | 
signature is effected by depression of the Este 
in question one notch, as explained in the major 
scales. Thus we go from BD) minor, with five 
flate, to F minor, with 4, C minor, with #(Ex. 16], 
G minor, with two, and D minor, with one, until 
we arrive at A minor, which is without accidentals 
in the signature. Then we add one sharp for 
E minor, which has Fg in its signature, because 
it is the relative of G major. So the FD pedal 
is slipped down to ita second notch. In the 
same way add a second sharp for B minor, a 
third for F% minor, a fourth for C# minor, 
and so get round the circle. For the modu- 
lations we give an example from Mr. Oberthur’s 
‘‘Harfen-Schule.” By raising the alternate 
scales a tone at a time, and similarly altering 
the pedal indications, the student should have 
no difficulty in transposing on paper the other 
minor scales with their modulations. [Ex. 24.] 


The Melodic Minor. Although the 
harmonic minor form of ascending and descend- 
ing the scale may suffice usually, it behoves the 
student, whilst accepting general principles, to 
prepare himself for the many violations he will 
find of them in certain orchestral parts. Having 
become familiar with the harmonic minor scales 
in octaves, the amateur, however, who is con- 
fining his attention to solo work can devote 
his leisure to arpeggio exercises in keeping with 
the character of his instrument. But the student 
who has a hope of eventually securing an orches- 
tral engagement at a provincial festival cannot 
afford to overlook the tendency that some 
modern writers have to make their music 
jump about in semitones remotely related to 
the signature of the key in which the work 
begins. Plenty of fresh difficulties to overcome 
will be found if the melodic minor scales are now 
tackled through all keys, not only in octaves, 
but in tenths, sixths, and thirds. The difficulties 
of pedal arrangement necessitate movements of 
the feet which cannot be made rapidly enough to 
correspond with their relative strings so as to 
enable the scales to be executed in quick time. 
Moreover, such pedal adjustments cause a 
great deal of noise. Yet, as an exercise for 
familiarising the student with chromatic en- 
tunglements, persistent attempts to execute 
slowly the scales in intervals which cannot be 
performed quickly will give him, often by 
means of borrowed notes, such as using a 


Whitten 








G# for an AJ, etc., an insight into the most 
expeditious way of rendering, instinctively, 
unusual notations as artistically as possible. 
(Ex. 25.] 

Key “Colour.” Sound, like colour, is 
deptndent upon the rapidity or slowness of 
vibration, the undulations which produce low 
notes b@ing less rapid than those which give us 
the high ones. In like manner, the colours of 
the rainbow recorded by the spectrum almost 
double themselves, when passing from red to 
violet, in velocity of pulsation. When a piece, 
therefore, is played throughout in CD, and is 
afterwards transposed to a higher key, the 
complexion, or colour, of the music changes. 

But it is as easy to play in one key as in 
another on the harp. e student should take 
advantage of this fact. He can spare himself 
thereby the monotony of constantly repeating 
one exercise in the same key as he would have 
to do if he practised any other instrument. 
He should now go back, repeat, and, if ingenious, 


add to the exercises already tabulated, and 
increase his Ex. 80. HOMOPHONES 

interest in 

them by _—_——— — 
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keys. If, for 
example, he practises the scale of C major by 
depressing all the pedals to the first notch, 
striking the notes very slowly, he can then 
transpose the scale into the key of CG, slightly 
increasing the speed. Afterwards, he can con- 
tinue it in D major. Next go to A major, E, 
and 80 on, until he has modulated through all 
the keys and obtained infinite variety whilst 
exercising his fingers all the while in the same 
manner. He will soon find himself able to play 
in any key his fancy dictates. But he should 
remember this fact. The tone of the harp is 
richest in its natural key, and least sonorous 
when the pedals are depressed to the second 
notch. Why? Because the strings are then 
shortened, and it stands to reason that a long 
string possesses more resonance than one which 
has had an inch cut off it. Therefore, although 
on the piano the key of F{ major, with six 
sharps, and G) major, with six flats, sound 
alike, this is not the case on the harp. 

To play in the former key, the harpist has six 
of his pedals down to the second notch, so that 
most of the strings are considerably shortened. 
On the other hand, if he plays in GD major, he 
has only one pedal, the FD, down to the first 
notch This accounts for the reason why, in 
an orchestral score, the harp part sometimes 
appears to be written in a wrong key. Should 
the harpist come across a solo in FZ major, he 
will do better justice to himself and his instru- 
ment by playing it in the enharmonic key. But 
for practising purposes, if he succeeds in getting 
a rich tone out of the sharp key, he will add to 
his confidence when playing in the natural 
scale. Now take groups of four notes, first with 
the left hand and then with the right, as here 
indicated, and exercise the fingers with them 
through all the keys. Endeavour to strike each 


note with equal force. Be careful to keep 
strict time. [Ex. 26.] 

Harmonic Sounds. On the harp, har- 
monic effects are particularly beautiful, although 
only one such sound is produced from each 
string instead of several, as can be obtained 
from cach string of a violin. To produce the 
harmonic, press the middle red string ve 
lightly at exactly half its length. Do this with 
the first joint of the first right finger, curved 
down while the thumb strikes the note. Imme- 
diately this sounds, remove the finger from the 
string. Do not bend the second, third, and little 
fingers too much. Hold them gracefully. Now, 
with the left hand, try the octave C below. Press 
the middle of the string gently with the fleshy 
part of the palm, not the ball of the thumb. 
Sound the note as before with the thumb. 
Harmonics on the harp are finest in the basa and 
middle register of the instrument, and are seldom 
written above D, fourth hne, treble clef. In the 
music, they are denoted by on O over the notes, 
or sometimes by “8.h.,” meaning sons har- 
moniques. Try a simple melody in this manner. 
Practise first with one hand, then the other. 
Afterwards play with both together. [Ex. 27.] 

Homophones. From the explanation 
given of the pedals, it will be understood that in 
harp music there are neither double sharps nor 
double flats. When such occur in modern 
compositions, the harpist has to play the en- 
harmonic equivalent. On the piano there is only 
one key for DP and Cq. for [> and D¢, for 
Fd and Kp, for FQ and Ef, forG? and Fg. 
for AD and G¢, for B» and A¥, for CD and 
BY, and for CQ and BY. But on the harp, by 
means of the pedals, cach of the foregoing notes 


Ex. 81. TREMOLO 
Written 
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can be represented by separate strings next to 
each other. These are called “ homophones,” or 
“synonyms.” { Ex. 30]. By means of such doubled 
notes, extraordinary effects can be obtained of a 
delightful character impossible on any other 
instrument, after the harpist has put down, 
suy, the pedals for DZ, ED, Fg, Gp, A, Be, 
and CD. ‘This leads us to “ sliding ” effects. 
The Glissando. ©n the piano it is possible 
to accomplish this in a complete seale only, along 
the white keys, or in C major. By means of the 
pedals, the harpist has the advantage of the 
pianist. Delightful glissandos on the harp can 
be made in every key, at any rate of speed, and 
with any degree of strength desired, from the 
softest whisper to the loudest suund the strings 
can give. urther, by means of the pedals, 
glorious effects can be obtained on the double- 
action harp through the use of “ homophones,” 
to which we have alluded. 
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To produce this effect, slide the thumb and 
pre finger, or the thumb, first, second, and 
thi rs along an io e after 
the pedals have been yaitably’ arranged: Pass 
the thumb down the whole succession of the 
strings. Prepare the first, second, and third 
fingers to execute the last notes just before 
the thumb reaches the bottom of the passage. 
For the ascending glissando, use the first finger. 
After sounding the top note, take the hand 
instantly off the strings. Directions for this 
manner of playing are indicated cither by the 
word glissando or strucciolamento, meaning, “ to 
slide.” After practising this offect with one 
ieee of each hand, try two fingers, because the 
gliding can be done effectively in thirds, sixths, 
octaves, tenths, as well as seconds and fourths. 

Damped Sounds. The French for 
‘““damped’”’ or muted sounds is sons etouffés. 
To get this effect, place the whole of the hand 
flat against the strings with the fingers shut and 
their tips touching the strings. Sound the string 
by the thumb, and force the ball of the thumb 
against the string todamp the sound. Keep the 
thumb rigidly upright. Use the tips of the fingers 
by pressing them against the strings, to give 
the thumb the necessary leverage. For sound- 


ing the next note, the thumb is got ready by a 
Ex. 32. 
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Notes to be played in this 
manner are marked in the music thus 4. For 
marches, chords struck in this way aro very 
appropriate. To play them, keep the elbow 


slight movement. 


low. Round the fingers less than usual. Tho 
palm must be close to the strings, so as to stop 
the sounds at once. As the right wrist is sup- 
ported by the soundboard, the damping with 
tho right hand is done by the fingers. 

To accomplish the shake the student must 
practise patiently and continually. The shake 
is produced by sounding one note and the 
next higher to it quickly, and repeating the 
operation as long as is nocessary. ‘Take care to 
move tho fingers only. Keep the wrist flexible, 
and avoid any motion of the arm. Although 
only two notes are sounded, the shake is 
done best by using three fingers. Strike the 
upper note with the thumb. Sound the other 
note with the first and second finger alternately. 
[Ex. 28.] 

Chain Shakes. It is well to practise the 
shake all up and down the scale. Use both hands 
alternately. Sound the notes at first very 
slowly. Always practise the shake in strict 


ge = 
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Played 


Try again, as rapidly as ible. In other 
words, shake slowly for fat tate: and then do 
the next four bars quickly. To trill powerfully 
and firmly, the thumb and the elbow must always 
be held high [Ex. 29]. A delightful tremolo effect 
is obtained by doing the shake on homophaqnes 
or strings lying adjacent which give the samesound 
after the vailala have been ddjusted tg bring 
them into unizon. Ifthe tremolo passage, or the 
shake, is a long one, use the thumb and three 
fingers instead of two. Played very softly 
on the harp, the tremolo, or shake, has a distine- 
tive charm. It is then marked bts bightamento, 
which means whispering. [Ex. 80]. 

Tremoloed Arpeggios. This _ glori- 
fication of the ordinary arpeggio was intro- 
duced by the harp virtuoso, Parish Alvars. It 
requires considerable practice. Briefly, it is 
the rapid repetition of three or four notes, as 
shown in Ex. 81. 

The guitar sound effect is indicated in harp 
music by the words sons dongles, or nail-sounds. 
These are created by striking the strings near 
the wrest-pins with considerable force, using the 
nails. Employ the tips of the fingers if the nails 
are not strong enough. 

Lute Sounds. The words “near the 
soundboard ” usually indicate the lute effect. It 


So 


“{ Lier) 


Written 


is supposed to resemble the tone of a wire-strung 
lute when struck by a plectrum. In this case 
press down the soundboard slightly with the fingers 
of the left hand, after each note has been struck 
as before near the pegs with the right hand. The 
pressure of the left fingers on the soundboard 
must be at the opposite end of the string actually 
struck. So as to give resistance to the tips of 
the fingers, uso the thumb as a levor on the 
body of the instrument. This manipulation 
gives a portamento effect to the vibration, so 
that the sound of the string seems to be carried 
on to the next one. 

Unique Effectea. Amongst peculiar achieve- 
ments indulged in by good harpists is that of 
altering the pitch of a sound by pressure of a 
pedal. Thus, play B). Immediately press down 
the BD pedal one notch. The vibration of all 
the BD strings pulsating in sympathy with the 
one struck will be raised half a tone to Bg. 
The sound, although the string is not again 
struck, glides up spontaneously a semitone with 
an eolian effect. This ingenious device is often 
used when two notes, one half a tone above the 
other, are connected by a slur. In music, the 


time. After exercising the fingers deliberately, indication is lez par la pedale, or linked by the 
double the speed. Go back to the slow tempo. pedal. [Ex. 82.] 
Harp concluded 
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Different Modes of Transmitting Power. 
ing. Tensile Strength, Belt Velocities. 
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Belts versus Gear- 6 


Power Trans mitted Continued from 
page 3450 


By W. S. MURPHY 


Machine Driving Belts. Driving 
power from steam, gas, and water has to be 
transmitted to the machinery by means of 
shafting, with tooth and pinion wheels, by ropes, 
or by belts on pulleys. In some factories we 
find a combination of all three methods. The 
main drive may be transmitted from the engines 
by ropes on to the main shafting, tooth and 
pinion wheels taking the power along the ceilings 
of the machine-rooms on shaftings, from which 
belts take the power to the machines. Every 
workman has, or ought to have, a good opinion 
of the products of his trade. If you ask a mill- 
wright what is the best sort of drive, he will 
say that it is the tooth and pinion, of course, and 
give very strong reasons for his opinion ; if you 
ask a rope-maker the same question, he will 
prove to you, beyond all cavil, that the rope drive 
is unequalled, for heavy work especially ; and 
the leather belt maker has an even stronger 
assurance of the superiority of leather belts over 
all other power transmitters. It may be trade 
conceit, but we hold strongly to the idea that 
the belt drive is superior to all others for goneral 
purposes. Rope drives are difficult to regulate, 
the ropes being apt to develop different rates of 
speed, and produce an oscillating motion very 
trying to machinery ; the leather belt, being a 
unity, runs at one speed. Tooth and pinion 
wheels are liable to break without a moment’s 
warning, a sudden jar smashing the teeth and 
bringing the machinery to a standstill while a 
new wheel is being got and put in place ; Jeather 
belts, on the other hand, give Jong warning, and 
in case of a break, o repair sufficient to carry 
through the work of the day is only a matter 
of a few moments, 

Engineering SKill Useful. As he is 
the coadjutor of the engineer and machinery 
user, the belt-maker should possess more than 
a smattering of mechanical science In the 
course of his work he will be called upon to solve 
many problems in mechanics. A Jeather belt 
maker who acquires a reputation for ability to 
help the engineer or the factory manager over 
difficulties is sure of success; without that 
reputation and ability, he might never get a 
footing on the market. Moreover, the belt- 
maker is frequently offered task» involving 
a high degree of engineering skill. To the 
uninitiated it seems impossible to transmit 
power round a corner with belts: but it 
can be done, as our illustrations |23 and 24] 
show. It is in extensions of works that most 
of these problems come into existence. For 
some reason, the added building cannot be built 
in line with the old factory; the new wings must 
be set at obtuse angles ; the main shaft of a new 


department needs to be set at right angles with 
the engine—for these eccentricities, and many 
others, the belt-maker has to be prepared. 

At the very least a knowledge of mechanics 
is a defensive weapon without which the maker 
of belts may often be unjustly put down. The 
belts are frequently blamed for the faults of 
the machinery. Many instances of this could 
be given. A common cause of dispute between 
the belt-maker and the belt-user is the heating 
of bearings that stiffen the drive and bring about 
a disastrous break. When the cause is hurriedly 
sought, the bearing has cooled down, and 
because no other thing seems guilty the belt 
is blamed. 


Use of Belts. The earliest and most 
obvious use of the leather driving belt was as 
a substitute for cord in power transmission 
over short distances. We can trace the ie 
by which the belt entered industry in the 
cotton manufacturing process. First there was 
the spinning wheel, the spindle of which was 
driven by a cord from the wheel; noxt the 
improved hand loom, with leather thongs on 
the picking handle ; then the spinning machines, 
with shafting driven by water power, and the 
belts connecting the pulleys on the shafting 
with the spmning frame. For a long time the 
belt drive was only used for small work—the 
driving of lathes, planers, looms, and all machine 
tools ; but the main drive was entrusted to tho 
millwright. To the cautious, solid-working 
engiucers of the carly nineteenth century, the 
belt seemed a risky vehicle for high powers. 
What they would say now, if they saw a belt 
carrying 500 h.-p., it is impossible to guess ; but 
the fact would certainly surprise them. Makers 
of power transmitters have contended — for 
the main drive as the prize to be won. Both 
engincers and leather manufacturers in this 
country seemed for a long time to consider 
Jeather belt out of the running for that high 
function. Between the engine and the driving 
machinery a space of as much as 150 ft. sume- 
times intervenes ; to piece the available lengths 
of leather hide together into such a longth 
seemed, before it was successfully undertaken, 
a task insurmountable. The breadth, too, for 
carrying high powers was a problem. Ropes 
could be multiplied to need, tooth and pinion 
wheels could be made any size, woven belts 
might be made any breadth; but the breadth 
of the hide alone was accepted as the limit of 
the breadth of a belt. 

An American Example. Here wo 
come upon one of the indirect benefits civilisa- 
tion has derived from colonisation of wild 
and distant lands. So long as he had a 
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miliwright or a rope-maker handy, the engine 
builder might never have given leather a chance 
of helping him ; but away out in the backwoods 
of America the case was wholly different. 
The hardy lumberer had water-power, timber, 
and oxhides in plenty ; but the millwright was 
far away, and freight of iron and steel is costly. 
But the pioneers of our race are handy men, to 
whom practical difficulties are merely a stimulus 
to invention. They made water-wheels and 
driving shafts of wood, and driving-belts out 
of the raw hides of oxen. When the bullocks 
were skinned, the hides were nailed upon 
wooden frames, and there dried and cured 
with the hair on. Cut into strips, the hides 
were softened by friction and grease, and laced 
together into the lengths and 
breadths required with raw-hide 
thongs. When population came 
along, and the settlement grew into 
a town, machinery also came, and 
the raw-hide belts rose to higher 
usefulness, their lightness, strength, 
and handiness giving the belts prefer- 
ence over all other transmitters. 
The belt-makers in the Motherland 
were not long in profiting by the 
example of our kinsmen beyond the 
seas, and began to undertake the 
whole of the power transmission, 
from engine to machine. Within 
recent years the trade has grown 
to large dimensions, and driving- 
belts are the familiar friends of all 
engineers. Larger and larger bolts 
are being demanded, and, of course, 
a corresponding improvement in 
strength and lightness required. 
Belts 6 ft. in breadth and of great 
length are constantly in use at the 
present day, and belt-makers will 
cheerfully guarantee efficiency in 
belts 12 ft. broad. 

Values of Belts. The qualities 
required in a  driving-belt are 
strength, durability, and conveying 
power, with a minimum of stretch. 


On these points ample data have 28. TRANSMITTING POWER power of your drive ? 
(Shaft is at mght angles 
to machine) 


been supplied by the trade. In the 
various tables compiled we have 
found considerable discrepancy ; but the follow- 
ing have been drawn from reliable sources and 
practical experiment : 


TENSILE STRENGTH OF LEATHER BELTS 
PER SQUARE INCH. 


Per Cent. 


Oo 
Stretch. 


ee 


Pressure at 
Breaking- 
point. 


Tannage. 


rd ——_ _ ~— 


Best British Oak-tanned 

Best Foreign Oak-tanned 

Common British Oak- 
tanned 


Yo 
5,746 
4,974 


4,243 


2,708 
10,050 
11.900 
13,100 


Common Foreign Oak- 
tanned Sie ar 
Finest Chrome-tanned .. 
Alumned and Stuffed 
Alumned Rawhide 
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One square inch of belting is equal to a belt 
4 in. broad, } in. thick. These tests are purely 
experimental, and-bad conditions will altogether 
throw them out; but a wise belt-user is sure 
to allow a considerable margin of strength. 

Belt Velocities. The ability of belts 
to transmit power may be increased or dimin- 
ished by several conditions. °It is well, known 
that wooden pulleys have a greater adhesion 
than metal ones, and lie more kindly to the 
belt. Observing this, some engineers offer 
leather-covered or rubber-covered pulleys to 
manufacturers desiring the best kind of drive. 
Wooden pulleys, or pulleys covered with leather 
or rubber, .almost double the draught of the 
belt ; but the bare metal pulley wears longest 
and gives the most constant drive. 
Our calculations, therefore, are based 
on the use of metal pulleys. What 
might be called velocity problems 
take three forms, proceeding from 
two known factors to an unknown. 
First, and most important: at what 
speed will a belt, running at a certain 
velocity on a given diameter of 
pulley, drive a shaft? Secondly: 
what is the diameter of pulley 
required to develop a certain belt 
velocity, with a shaft running at a 
given speed’? Thirdly: what is the 
belt velocity developed by a shaft 
running at a given speed, with a 
pulley of a certain diameter? The 
three factors are mutually related 
and coefficient, change in the one 
altering the other two. The table 
itself, shown on next page, best 
illustrates the principle. 

Transmitting Power. We 
have left the most important set of 
questions to the last. Every user 
of power is deeply concerned about 
how much horse-power he can get 
out of his engines and gearing. The 
question the belt-maker has to 
answer more frequently than any 
=== other is: What is the transmitting 
This is the 
crucial point, and really involves all 
others. Horse-power 1-in. width 
leather belt will transmit : 


SiInaLE BELT. DounLeE Bett, 


ptamietee 


Diameter 
of 
Pulley. 


Belt Speed 


Belt Speed 
per Minute. 


Pulley. per Minute. 
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TABLE OF BELT VELOCITIES. years was the prin- 
Diameter | ciple of compound- 
of Drum, ing introduced by 
rt. yo 4! 4 John Tullis, Seeing 
_ of a locomotive engine 
*shatt with coupled wheels 
per ae : working with a 
100 628 7865 942 1,099 1,248 1,418 1,727 ft. per min. heavy load on one 
110 690 863 1,036 1,208 1,381 1,554 1,899 ,, . pair’ of rail, tho 

120 753 942 1,130 1,318 | 1,507 1,695 2,072 | ,, zs : : 
130 816 1,020 1,224 1,428 | 1,632 1,836 2,245 inventor thought that. 
140 879 1,099 1,318 1,538 | 1,758 1,978 2,417 a pair of belts work- 
150 942 1,177 1,413 1,648 | 1,884 2,119 2,690 ing on one pulley 
160 1,004 1,256 1/507 1,758 | 2.000 | 2,260 2,763 ought to carry some- 

170 1,067 1,334 1,601 1, 2.135 2,402 2,9: eae 

180 1.130 1,413 1,695 1,978 2,260 2,543 3,108 thing like double the 
190 1,193 | 1,491 1,789 2,088 2,386 2,684 3,281 power. He tried the 
200 1,256 | 1,670 1,884 2,198 2,512 2,826 3,454 idea by experiment, 
and found the theory 
Slipping Belts. The practical details a correct. This simple expedient has saved much 


leather belt maker has to consider are very 
numerous, and we can only touch on a few of the 
more important. When the belt slips, it is a 
temptation to adopt flanged pulleys ; but 
this may only add to the niis- 
chief. c pulley is most likely 
off the plumb, and the belt, bear- 
ing up against the flange, is cut 
and frayed to pieces in no time. 

To many the side of the belt 
which should lie next the pulley 
seoms a matter of indifference, 
and some prefer the grain side 
because it presents a rougher sur- 
face. Here are two errors. Hard- 
nesy is the last quality to be desired 
m a belt surface. The natural 
bend of all leather 1s towards the 
flesh side. Nature is emphatic on 
this point. The skin is a wrap 
round the body of the animal, and 
curves to the flesh it covers. 
Given fair play, the flesh side of 
the belt will hug the pulley and 
carry away every ounce of powcr 
from the driver and put it on to 
the driven pulley. 

Belt to Pulley. The relations 
of belts to pulleys call for attention. 
The pulley should always be wider 
than the belt, and allow for the play 
of the drive. Narrow pulleys cut 
and score belts. The diameter of 
the pulley should be proportioned 
to the thickness of the belt. For 
heavy drives a thick belt is needed, and a machine 
user wants to get the highest shaft speed possible 
from his drive. He thercfore is apt to work with 
small pulleys. But to bend a belt 7 in. thick round 
a drum 4 in. in diameter is suicidal The bend 
produces creases, the creases wear, and the belt 
cracks. A gentle curve produces no appreciable 
strain on the leather, but a severe bend un 
doubtedly does, and takes trom the tensile 
Strength of the belt. 

Compound Drive. Perhaps the most 
remarkable discovery made in regard to belting 
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trouble and expense. If you want to transmit, 
say, a third more power, the common recourse 
would be larger or more pulleys and wider belts ; 
but all you have to do is to put a belt on the top 
of the old one already working. 
Fach belt takes its own drive from 
the engine to the shafts, and in- 
creases the driving power by 100 
per cent. Compounding has given 
a mobility to belt-driving ver 
wonderful to the mexperienced. 
On a single driving pulley you can 
put six driving belts, and let cach 
driving belt drive a different shaft, 
with practically the same result as 
if you had crected six driving 
pulleys. 

Successful Compounding. 
Many instances are given by the 
inventor of success in the use of 
compound belt-driving ; but we 
can only give two instances which 
illustrate the service of the device 
in overcoming a difficulty. Some 
years ago, extonsions were being 
made ina London flour mill, 
demanding from 80 to 100 per 
cent. more power. The engine 
was quite capable of doing this, 
but the 14-in. belt was good for 
no more than it was driving. 
The first idea was to put in wider 
pulleys; but, as this involved 
much expense, both driver and 
driven being confined in a small 
space close to a main wall, the compound drive 
was resorted to. A 17-in. double orange-tan belt 
was put on next the pulley, and the old 14-in. 
double was put on top of it. This gave 100 per 
cent. more power at onec, and the belts worked 
satisfactorily. A firm of lmoleum manufacturers 
in Antwerp were also taken out of a difficulty 
They were driving with a pulley of small dia- 
meter at high speed, and the double belt in use 
at first was unable to lift the load. Two single 
orange-tan belts, each 22 in. wide, were put on, 
and the whole difficulty was overcome. 


Continued 
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cuemstay| LACTIC AND SOME TOXIC ACIDS 


25 The Acid of Milk and its Properties. 
Prussic and other Acids and their Antidotes. 


Continued from 
page 3487 


The Amides. 
Cyanogen 





By Dr. C. W. SALEEBY . 


FURTHER on in the series of hydroxy acids we 

come to an extremely important body known 
as lactic acid. It is none other than hydroxy-pro- 
pionic acid. Propionic acid has already been 
named and its formula given. Plainly, the 
hydroxy acid derived from it must have the 
formula CH,-CHOH-COOH. This differs from 
the formula of propionic acid only in the 
middle term, which contains a hydroxy] instead 
of a hydrogen atom. Lactic acid is so called 
because of its production in milk, and a good 
deal has already been said of it, apropos of 
butyric acid and its production. Thus, the 
easiest fashion in which to prepare. lactic 
acid is simply by lactic fermentation of sugar. 
When milk turns sour the cause is the pro- 
duction of lactic acid from the lactose of the 
milk under the influence of the lactic acid 
bacteria, first discovered by Pasteur. The 
characteristic sugar of milk, known as lactose, 
has the formula C,.H.,0,,. Add to this one 
molecule of water, and we see how the whole 
cap Se oe four molecules of lactic acid 
C,H,O,. e process is really much more 
complicated than this statement, which will 
suffice, however, for our present purpose. 
In 1877, Lord Lister discovered what he called 
the bactilus lactis, which may or may not have 
been identical with that previously found by 
Pasteur. To-day we know a very large number 
of different bacteria that can cause this fer- 
mentation; indeed, more than a_ hundred 
different bacteria are known to do so. 

Lactic acid is of great interest for three 
distinct reasons—in the first place, chemically ; 
in the second place, historically ; and in the 
third place, practically. We must proceed, 
then, to consider it from these three points 
of view, though the very interesting history of 
the subject can be discussed only incidentally. 

The Pure Chemistry of Lactic Acid. 
Hitherto we have spoken as if there were only 
one lactic acid, but as a matter of fact, there are 
more than one. In the first place we must note, 
merely as a matter of theoretical importance, 
that there is a second lactic acid which differs 
from the first in the internal arrangement of 
its atoms. Its constitutional formula differs 
from that of ordinary lactic acid, already 
given, since the hydroxy! group is in a different 

lace. It runs thus: CH,OH—CH,—COOH. 
om the purely chemical point of view we may 
say, then, that there are two hydroxy-propionic 
acids, and we may distinguish them by the 
Greek letters alpha and beta. 

But if we oonfine ourselves to ordinary lactic 
acid, we find that it also is of more kinds than one. 
In the first place, there is the acid which is 
obtained from milk by a process so important 
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that we must afterwards describe it carefully. 
This acid is optically inactive—that is to say, 
it has no action upon the plane of a ray of 
polarised Jight when this is passed through a 
solution of it. But we have already seen that 
there is at least one optically inactive organic 
acid which, on investigation, proves to be 
inactive merely because it consists of suitable 
roportions of two acids, one levo-rotatory or 
eft-handed, and the other deztro-rotatory or 
right-handed. The same is true of lactic acid. 
If we take muscular tissue and treat it suitably. 
we obtain lactic acid from it, and this, since it 
is derived from flesh, is usually known as sarco- 
lactic acid (Greek sarcos, flesh). The namo 
implios, by the way, that it comes both from 
milk and from ficsh, which is absurd, but still it 
is convenient. Now sarcolactic acid differs from 
the more familiar lactic acid of milk in that it 
consists almost entirely of the right-handed acid. 
The two acids are of equal, though opposite, 
optic activity, and the inactive acid derived from 
milk therefore consists of the two acids in equal 
proportions. 

Asymmetrical Carbon Atoms. Already 
some brief mention has been made of the question 
of symmetry in organic compounds—that is, 
symmetry of molecular constitution. We may 
now proceed to give the rigorous chemical dofini- 
tion of what is known as an asymmetrical carbon 
atom. It is one, each of the four hands of which 
is holding on to a dificront atom or group of 
atoms. This is the case in lactic acid, as we 
shall readily see if we write out the formula in 
the graphic form: 


CH, 
| 
HO—C—COOH 


Now the above formula is undoubtedly correct, 
but it is not the only possible formula. Suppose 
we held it up to a mirror and read it in the mirror, 
it would be the same and yet not the same. Your 
two hands are the same, and yet they are not 
the same. You would recognise this if you were 
suddenly provided with a left hand at the end 
of your right arm instead of your right hand. 
Similarly, in the case of many organic com- 
pounds, the molecular suructure of two bodies 
may differ only as one’s right hand differs from 
one’s left. Your two hands are both human, 
and at birth, at any rate, were both identical in 
every respect save one ; it is just that one respect 
in which right and left-handed lactic acids, for 
instance, differ from one another, and in that 
alone. We have purposely used the analogy 
ot human hands because it seems a happy one, 


and because the association of ideas cannot fail 
to recall it to the reader's mind whenever he 
is asked to explain, at a moment's notice, the 
difference between two such closely similar 
bodies. But. of course, we must not be confused 
by the use of the terms right and left-handed 
in the names of the acids. They are so-called 
not by &nalogy with hands, but because they 
turn the plane of a ray of polarised light to the 
right and left respectively. A little criticism 
can show, by the way, that the terms right and 
left can really have no meaning in relation to 
rotation, and it is a curious and significant fact 
that language provides us with no better sub- 
rtitutes for them than clockwise—that is, in the 
direction of the hands of a clock—and contra- 
clockwise. 

The philosophic reader will see that, in dis- 
cussing & matter apparently so prosaic as the 
difference between two kinds of acid found in 
sour milk, we are on the verge of considerations 
which raise the whole question of a conception 
no less stupendous in its significance than our 
fundamental conceptions of space and spatial 
relations. 

Molecules and Light. If the reader 
be one of those Who ponder over things after he 
has read them, yet another consideration will 
occur to him. When we were discussing the 
refraction and the reflection of light in the 
course on Physics, it was pointed out that our 
statement of the dogmatic laws of these pheno- 
mena must not lead anyone to suppose that we 
understand the actual relations of ethereal 
waves to ponderable matter. Is it not evident, 
however, that we are beginning to accumulate 
facts that will help us when we realise that, of 
two molecules, which differ from one another 
only as a right hand differs from the left, one 
will act upon a plane of etheral vibrations so as 
to turn it clockwise, and the other so as to turn it 
contra-clockwise ? Why and how, we cannot 
yet say, but we must hold fast to the extremely 
Important generalisation that polarised light can 
be rotated only by bodies whose molecules possess 
an asymmetrical carbon atom. So much for the 
pure chemistry of lactic acid. 

Sour Milk. It has been proved beyond 
dispute that the souring of milk, or its lactic 
acid fermentation, depends necessarily upon the 
presence of living organisms. I1 does not occur 
spontancously. If the organisms be excluded, 
milk may be drawn and kept for months without 
undergoing any change that can be detected. 
Pasteur first distinguished the lactic ferment 
from the alcoholic ferment. He found that 
when milk turned sour, there was usually a grey 
deposit consisting of bacteria. ‘‘ Pasteur then 
introduced @ trace of this deposit into a solution 
of sugar to which he had added a decoction of 
yeast and some chalk, and in this artificially- 
prepared liquid he thus obtained lactic acid 
fermentation. From tnis fermenting fluid he 
again transferred a slight trace to a similar 
solution of sugar, and so on, invariably obtaining 
the lactic fermentation and invariably finding 
the same corpuscles in the deposit.” [‘‘ Bacteri- 
ology of Milk,” page 155. | 
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We shall to quote freely from the 
standard, if not indeed the only, notable work 
that has yet been written upon the bacteriolo 
and bacteriological chemistry of milk and its 
products. ‘“* The lactic organisms produce appre- 
ciable amounts of lactic acids only at somewhat 
elevated temperatures. If the amount of acid 
rises much above 2 per cent., the growth of the 
lactic acid bacteria is inhibited.”’ In gencral, 
the lactic acid bacteria do not form spores, and 
can therefore be killed readily by heat. Some 
are anerobic, growing best in the absence of 
frec oxygen. They sour milk best in dee 
vessels, and produce a right-handed lactic acid. 
Others produce various gases in the course of tho 
fermentation—the production of which gives 
their character to certain kinds of cheese. The 
arrest of the process of fermentation by its own 
products may be noted, as it is Similar to what 
we have already seen in the case of alcoholic 
fermentation, and would appear indced to be a 
general principle in fermentative processes. 
Milk turns sour most readily ‘‘ at between 35° C. 
and 42° C., and when 2 per cent. of lactic acid is 
reached, the process of further production ceases. 
If the milk be then neutralised with carbonate of 
lime, the process of fermentation will recommence 
until the acidity again stands at 2 per cent.” 

Milk and Hot Weather. Everyone 
knows that during the hot months of the year 
infants die like flies in all our large cities. Ono 
of the chief causes of this is the decomposition 
of the milk on which they are fed, and the reason 
why the hot months are so fatal, and why a cool 
summer saves many thousands of lives, iv that 
the temporature we have indicated is the best 
temperature for the fermentation of milk, which 
proceeds rapidly in proportion as that tempora- 
ture is approached. Part of the modern treat- 
ment of milk is to cool it to a point little above 
freezing point within a few seconds after it is first 
drawn. Really, no milk should be sold which has 
not beun subjected to this process, unlexb it is to 
be drunk immediately after being drawn. 

This is not the place in which to discuss tho 
origin of the lactic acid bacteria. It has been 
conclusively proved that they are never a normal 
and original constituent of the milk, but are 
imvariably “a secondary contamination of the 
milk from some external source.” 

Evil Results. The reader must not ima- 
gine, however, that the lactic acid fermentation 
of milk is to be looked upon as entirely evil. 
It has two very different aspects. The lactose of 
milk is one of the most valuable of its food 
constituents, and if it be decomposed before the 
milk i» drunk the food value is lost This is a 
serious matter in the case of an infant, but not 
the most serious. For the lactic acid is itself 
injurious to the delicate internal structure of an 
infant, as also is the growth of the bacteria which 
produce it. Well worthy of note is the significant 
fact that the one carbohydrate supplied by 
Nature for food purposes—namely, the lactose 
of milk—is far more resistent to fermentation 
than ordinary sugars. This is one reason why 
sugar of milk is much preferable to cane suger 
or to glucose in the artificial feeding of infants. 
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Good Results. But, on the other hand, 
lactic acid fermentation of milk is of very con- 
siderable economic value én the right place. In 
this complex world there are few things that are 
wholly good or wholly evil, and probably none 
that are good or evil in themselves. These ad- 
jectives can be applied only to the appropriate- 
ness or unappropriateness, the fitness or unfit- 
ness of things—in short, not to themselves, but 
to their relations. 

Thus lactic acid fermentation causes what is 
known as the ripening of cream, and this is a 
process of very great value, as everyone ought 
to know who has ever tasted butter. At the 
pee day economic bacteriology—which is to 

e discussed in a subsequent course—is making 
an exhaustive study of dairy bacteriology, and 
very notably of the conditions of lactic acid 
fermentation, *which is all-umportant in the 
making not merely of butter, but still more of 
cheese. The lactic acid bacteria constitute 
about 95 per cent. of all organisms present 
during the ripening of cheese. We have already 
hinted that the appearance of Gruyére cheese 18 
due to the activity of organisms which, in the 
course of the production of lactic acid, also pro- 
duce gas. 

The Views of Professor Metchnikoff. 
Quite recently the world-famous scientist, 
Professor Metchnikoff, of the Pasteur Institute, 
has made studies which suggest a new 
importance for lactic acid This subject must 
briefly be referred to, and for further details 
the reader may be referred to Metchnikofl's 
“Nature of Man” (English translation, Heine- 
mann, 1903), and also to the second of Professor 
Metchnikoff’s Harben Lectures, delivered at 
King’s College on May 28th, 1906. In the 
chapter entitled, “ The Scientific Study of Old 
Age,” in the book referred to, Professor Metchni- 
koff points out that civilised man suffer. con- 
siderably from the eflects of fermentation within 
the alimentary canal He goes on to show that 
the lactic acid bacteria contained in milk, and 
especially m sour milk, are inimical to the 
development of the ordinary bacteria of putre- 
faction, since these latter multiply only wn an 
alkaline medium. He says ‘the lactic acid 
microbes produce large quantities of acid, and <o 
hinder the multiplication of the organisms of 
putrefaction. Putrefaction takes place rapidly. 
in spite of the presence of the lactic acid microben, 
if there be added soda to. . . meatormilk.” “It 
is plain, then, that the slow intoxications that 
weaken tho resistance of the higher elements of 
the body . . may be arrested by the use 
of kephir, or, still better. of sour milk. The latter 
differs from kephir [an effervescent alcoholic 
sour milk prepared by the inhabitants of the 
Caucasus from the milk of goats, sheep, and 
cows], in that it contains no alcohol, and alcohol 
in course of time diminishes the vitality of some 
important cells in the body. The presence of a 
number of the lactic acid bacteria is inimical to 
the growth of the bacteria of putrefaction, and 
60 is of great service to the organism.” 

Hence, Professor Metchnikoff and many of his 
disciples make a point of drinking some sour milk 
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every day, and the evidence seems to be acoumu- 
lating in favour of the view that this practice 
promotes health by “ preventing the development 
of butyric and putrefactive ferments which 
should be regarded as redoubtable enemies.” 

The Amides, The group NH, is known as 
the amido group, and may replace various other 
atoms or groups in many organic cdmpounds. 
Thus we have amido acids very closely allied to 
the hydroxy acids which we have just been con- 
sidering. In them the amido group replaces the 
hydrogen of the acid. Similarly, there are a 
number of amides in which the amido group 
occurs. The most familiar of these is acetamide, 
the name of which indicates that it is a derivative 
of acctic acid. Indeed. it is simply acetic acid of 
which the hydroxyl has been replaced by the 
amido group. This acetamide must be regarded 
both as an acid and a base. It is a base in virtue 
of its relation to ammonia, and thus, like am- 
monia, it forms a hydrochloride, the formula of 
which is that of acetamide plus that of hydro- 
chioric acid. But, on the other hand, it may be 
regardcd as an acid, since certain metals can 
replace one of the hydrogen atoms of the amido 
group. It is a white crystalline solid, in this 
respect resembling all the other amides except 
formamide, HCONH.,, which is a liquid. 

Prussic Acid. It can be shown that hydro- 
eyanic acid or prussic acid, with its salts, the 
cyanides, is related to the amides which we have 
just been considering. This is an extremely 
important body from many points of view, and 
must be carefully considered. Its chemical namc 
indicates its formula, which is HCN. Its popular 
name indicates its relation to the well-known 
pigment called Prussian blue. Though this body 
1s an extremely powerful poison, it is a very 
fechle acid. Its history is of very great chemical 
interest, for it was very carefully worked at by 
Gay-Lussac, who came to the conclusion that its 
constituent CN must be regarded as a unit. 
Subsequently he discovered that this unit exists 
by itself, and he gave it the name of cyanogen. 
It was from thr. time that there dates the ex- 
tremely valuabie idea in chemistry of a “ com- 
pound radical.” 

Preparation of Prusasic Acid. Thcre 
are several ways in which prussic acid can be 
prepared, and we may first of all name some of 
those which are of chemical interest. For instance, 
it is produced by the distillation of formamide, 
the body we have just discussed. Remembering 
the formula of formic acid, the reader will be 
prepared to believe that that of formamide is 
HCONH,. Each molecule of this simply splits 
up into one of prussic acid and one of water. 
Again. in confirmation of the acid nature of this 
acid, it can be prepared by decomposition of a 
cyanide. This is usually done when it is required 
to be free from water or anhydrous, dry sul- 
phuretted hydrogen acting on dry lead cyanide. 

H.S + Pb(CN), = PbS + 2HCN. 
This process, however, is extremely dangerous, 
since prussic acid is volatile, and it must, there- 
fore, be carried out under conditions which ensure 
that the operator is not subjected to the risk of 
breathing it. 


The commercial for the tion 
of this acid depends upon the decomposition of a 


complex salt which we shall study shortly, and 

which is known as ferrocyantde of potassium, ita 
pular name being prusstate of potash. The 

dlecomtposing agent is sulphuric acid. 

Charactera of Pruesic Acid. At 
ordinary temperatures the acid is a colourless 
liquid which, however, boils at only 26°5° C. 
The vapour, as might be expected, is inflam- 
mable, yielding carbonic acid, water, and nitro- 
gon. At not very low temperatures (-— 15°C) 
prussic acid freezes. As prepared by ordina 
means, the acid is mixed with water, with whic 
it mixes in all proportions. The acid is extremely 
difficult to keep, as it is apt to a what is 
called spontaneous decomposition. Though it 
is chemically an acid, it scarcely reddens blue 
litmus paper at all. It forms salts with alkalies, 
but it is so weak that it is incapable of decom- 
posing even an alkaline carbonate. It is thus 
classified by toxicologists or students of poisons 
with two other acids, oralic and carbolic—later 
to be studied —which exert their characteristic 
actions upon the body independently of their 
acid properties. Unlike sulphuric acid, for 
instance, they are poisons not because they are 
acids. Oxalic and carbolic acids possess also 
the caustic properties typical of acids, but 
prussic acid, which is a far more deadly poison 
than either of them, has no caustic properties 
at all. 

Prussic Acid and Living Matter. 
Prussic acid must by no means be considered 
the most deadly of poisons so far as its dose is 
concerned. Quantities of it are constantly given 
in medicine—in dilution, of course—scores of 
times greater than would be fatal in the case of 
many otber substances. But it is pre-eminent 
on account of the rapidity of ita toxie action. 
One drop of the pure acid merely placed within 
the eye of a dog wil) kill it instantancously. 
This body is a protoplasmic poison—that is to 
say, it is directly toxic to protoplusm wherever 
found, whether in the lowlicst plant or the 
highest animal, and yet it does not coagulate 
proteids such as are found in all protoplasm, nor 
doos it act by withdrawal of water. From our 
present point of view, we muy divide the various 
salts of this acid into two aintinet groups. In 
general, the single cyanides, such as potassium 
cyanide, are almost as poisonous as the acid 
itself. On the other hand, the double cyanides, 
and also the single cyanide of iron and platinum, 
have no poisonous properties at all. This fact 
is casily explained. The toxic cyanides are 
those which are instantly decomposed by the 
body, prussic acid itself being liberated. The 
innocent cyanides are so because they are 
incapable of decomposition by anything in the 
body. Such a single cyanide as that of potassium 
is readily decomposed even by carbonic acid, 
which abounds everywhere in the body 

Why Prussic Acid ie a Poison. A 
complete chemical explanation can be given of 

reason why ic acid kills every form of 
living matter. It absolutely and instantaneously 
arrests that oxidation, without which proto- 
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be of a bright colour. It contains nothing but 
oxyhemoglobin, the decomposition of which has 


beon entirely arrested by the prussic acid. The 
poison acta indifferently upon every kind of tissue 
in the body—alike on tho muscles, the glands, 
the nerve cells, the nerve trunks, and the nerve 
endings. Its extreme volatility helps to explain 
the ape of its action, but is of importance in 
regard to the treatment in cases of prussic acid 
poisoning. 

Antidotal Measures. All treatment 
of these cases is usually futile, but nevertheless 
uecasions may arise in which the readers of thir 
paragraph may save a life if they are energetic 
enough. The all-important question is one of 
time in these cases, and what is done must bo 
done quickly. It is usually quite useless to give 
doses of atropine subcutaneously, for time is 
not available. Brandy may be accessible, how- 
ever, and also inhalations of ammonia. But 
far and away the most important help which 
can be rendered by tho bystander is the perfor- 
mance of artificial respiration. The chemical 
antidote for prussic acid is of no valuo in practice. 
It consists of the administration of a mixture of 
a ferrous salt, a ferric salt, and caustic potash, 
with the formation of non-poisonous Prussian 
blue in the stomach. Even if all these sub- 
stances were ready at hand, however, they could 
not avail to neutralise the prussic acid which is 
instantancously absorbed from the stomach. 

The very marked values of this drug in 
medicine are due to its local depressing effect 
upon nervous tissue, which it makes — less 


sensitive. Needless to say, it ean be used only 
in extreme dilution. 
Ferrocyanide of Potassium. = Tlw 


important double cyanide known as ferrucyanide 
of potasaum is prepared in large quantities by 
the interaction of metallic iron, carbonate of 
potash, and many kinds of animal refuse. The 
salt forms permanent crystala which lose their 
water on heating, yielding a white powder We 
have called it a double cyanide as if it were the 
combination of potassium cyanide and ferrous 
cyanide, But it must not so be regarded 
chemically. It 1s, rather, a compound of potas- 
sium with the complex radical ferrocyanogen, 
which har the formula Fe(CN), [ts formula is 
K ,Fe(CN),, Closely allicd to this important 
salt is the ferricyanide of potussium, which forms 
red erystald, whereas those of the ferrocyanide 
are yellow. When these two salts mteract with 
other iron salts they yield richly-colourcd bodies 
which are of value as yugments = 7'urnbull'a 
blue is formed by the mixture of the ferricyanide 
and a ferrous salt, while Prussian blue ws (orien 
by the mixture of the ferrocyanide and a ferric 
salt. 

Cyanide of Silver. One of the most 
important of the metallic cyanides is the cyanide 
of silver AgCN. Tha salt is precipitated when 
nitrate of silver acts on prussic acid. It m a 
white substance which resembles chloride of 
silver. 
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warp, and were equally strong in every direction, 
the door would simply be made from one piece of 
stuff 14 in. thick, or perhaps of two or more 
ieces, edge to edge, in order to obtain the width. 
ut a door made in that way would not do at all. 
Its width would vary with the state of the 
atmosphere, and it would be certain to warp 
very badly. In addition to these two defects, it 
would be likely to split lengthwise. It is neces- 
sary to frame it together from comparatively 
natrow pieces arranged so that the grain runs in 
both directions, and so makes shrinking or 
splitting practically impossible. The widest 
places are the panels, but shrinkage in the panels 
does not affect the exterior dimensions of the 
door. If the panels were tightly held at their 
edges there would be a risk of their pplicune 
through shrinkage, but they are merely slipp 
into their grooves when the door is framed 
together, and unless there are already incipent 
cracks in them, they will adjust themselves in 
the grooves rather than split through shrinking. 

An example of shrinkage is shown in 89, in 
which a wide piece of wood is screwed or nailed 
on a frame which cannot shrink with it. The 
plate of wood has shrunk im width, and, being 
held by the nails, could not contract freely across 
its width as it would if unattached. The conse- 
quonce is that it cracks, and is then free to spread 
apart at intermediate places. In so wide a piece 
no care in seasoning the wood could entirely 
prevent this effect. The cracks could be prevented 
by using a number of narrow pieces side by side, 
instead of one wide piece, but a framed and 
panelled plate would be the only way to prevent 
variation entirely. 

Ringe Built in Segments. Figs. 40, 
41, and 42 show how these weak features in 
wood necessitate buildmg up in circular work. 
A ring cut from the solid, as shown in 40, would 
be worse than the solid door previously instanced. 
It would be worse because its mtenor is cut out, 
and the short grain is conseyuently very weak. 
Such a ring would be built in segments, as shown 
in 41, but at least two layers of segments would 
be employed, so that the end joints of each layer 
could overlap each other. Otherwise it would be 
weak at the joints. It is true that such a ring 
might be more simply made by cutting out two 
entire rings from the solid, and putting them 
together with their grain crossed; but the 
objection to it would be that they would shrink 
in opposite dire'tions, and overlapping edges 
would result. A cireular plate built as in 42, 
even of a number of layers breaking joint with 
each other, is not so strong a construction as two 
or more thin plates, cut from the solid and put 
together with grain crossed, but its advantage is 
that uniform end grain is presented round its 
circumference and the plate can never become 
elliptical through shrinkage. 

Properties of Wood. In the behaviour 
of wood, when it is operated on with tools, there 
is also a considerable field of knowledge which 
the woodworker has to acquire. It is pial diay 
know its weak parts, so as to avoid splitting when 
bering holes or driving nails. In planing and 
finishing surfaces, especially if the grain be not 
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straight, it is n to avoid tearing the 
surface up in consequence of planing it against 
ek Hepa [48]. It is necessary to know how and 
to what extent a piece of wood is likely to shrink 
or become distorted when a fresh surface is 
exposed in cutting it, and also how to treat freshly- 
cut wood to prevent it frem warpi Waste 
should, of course, be avoided as much as possible 
in marking out and cutting wood, and the good 
and inferior parts should be used in the places for 
which thev are most suitable. A piece of timber 
with curly and crossed grain [44] is not so strong 
as a straight-grained piece [45], because it is 
more easily broken across its grain. A piece 
with a great.many knots [46} is not suitable for 
sawing into narrow strips unless the ‘knots 
can be avoided without much waste, because a 
knot in a narrow strip naturally diminishes 
greatly the strength of the strip. Similarly, in 
a wide piece a shake or crack is a source of weak- 
ness, and such a piece would be better sawn up 
so that the sound pieces on each side of the 
shake could be used separately. End grain 
joints are avoided, if possible, because a con- 
tinuous piece is better and stronger; but joints 
running with the grain are not objectionable, 
and if properly made are quite equal to, and 
in some cases even better, than a solid piece of 
the full width. 


Seasoning. What the carpenter requires to 
know about timber is only a small section of a 
vastly wider subject, but it is sufficient for the 
purposes of his trade. The botanical character 
and growth of timber trees, and the methods of 
their conversion into the commercial forms of 
boards, planks, battens, etc., do not immediately 
concern him, though it is desirable that he rhould 
have some knowledge of these things. When 
timber comes into his hands it has been through 
the sawmill, and has undergone a process of 
seasoning. 

Seasoning is simply allowing the cut timber to 
dry for three or four years before using it, or, 
alternatively, hastening the removal of the sap 
and moisture by artificial means If this were 
not done it would shrink and warp after being 
worked up, and if evaporation were prevented 
by paint or other means it would decay. The 
natural sap is more objectionable, and takes longer 
to dry out than water which has penetrated after 
the wood has been seasoned. One of the methods 
of artificial seasoning is to place the timber in 
running water to wash the sap out, and thus 
leave only water to be dried out of the pores. 
Another method is to dry quickly by artificial 
heat, preferably moist, to prevent a too rapid 
drying of the exterior. Tac air is generally kept 
in motion by fans. 

Slow natural seasoning is generally considered 
better than any of the artificial methods, 
becauac the latter often have injurious effecta 
on the quality of the wood. The best method 
of natural seasoning is to stack the timber 
in sheds to protect it from the weather, and 
to have free circulation of air. Air space must 
be allowed between individual oo: and 
they should also be arranged so that they are kept 
forcibly flat and straight. This is generally done 
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TREATMENT OF TIMBER 
33. Difference hetween plank way of groin and end grain = 34, _ A pi ¢¢ of worl that has become winding or twisted or warpe | 
by unequal strains 365, A plank become cursed through unequal drying 36, Fnd sicw of a plank sawn so that the ann ' 
rings will stand wear well and shrink least 37 End view of a plank which would be inchned to ahd out in the middle 
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by piling them on top of one another and keeping 
em slightly separated by inserting thin stripe 
between [47]. Balks are chinialine stacked in 
squares, with each layer transversely to the next 
and with considerable spaces otween the 
members of each layer. Deals are often stacked 
in a pile all longitudinally with each other, but so 
that they break joint, with spaces between. This 
latter method is often adopted also for narrow 
boards, but one of the reasons for this overlap- 
ping is to make a steadier pile than would be 

ossible if the spaces between were continuous 

rom top to bottom. Generally, the air is not 
allowed free access to end grain, because the 
evaporation of moisture there isso much more 
rapid, and this often results in splitting at the 
ends, owing to the wood contracting more rapidly 
there than farther along (48]. To prevent this 
theend grain may be painted or greased to close 
the pores, or strips of wood or hoop iron may 
be nailed over it. The length of time occupied 
in natural scasoning depends on the size of the 
wood and on atmospheric conditions. Generally, 
timber is not considered fit for carpenter's use 
till at least two years after bemg felled and for 
indoor work considerably more than that. The 
thorough seasoning required for the more exact 
work of joinery and cabinct-making, however, 
is generally assisted by resawing, or further 
reducing the size of the wood. 

Timber ae a Material. Timber was 
undoubtedly one of the very earliest materials 
employed by man, being easily worked and always 
ready to hand everywhere As, too, the require- 
ments of mankind have increased, and his tools be- 
come more numcrous and specialised, he has been 
able to use timber more and more extensively, 
and to utilixe it in constructions that would have 
been impracticable when facilities for its working 
were less developed. Within the lest half century 
especially the introduction of machines for per- 
forming all the common operations has im- 
menscly reduced the time and labour involved 
when such things are done slowly and laboriously 
by hand. The carpenter still retains his trade, 
but instead of considering himself competent to 
undertake anything and everythmg constructed 
in wood, he is now only one among many classes 
of woodworkers, and nearly all the work re- 
i Nada physical strength rather than brains is 

one for him by machimes—sawing, planing, 
mortising, tenoning, and the rest. 

This, however, has not really lessened the 
great importance of his craft or the amount of 
training required for its proper acquisition, nor, 
probably, the number of carpenters employed ; 
for if the work done by machinery now could be 
executed only by hand, most of it would not be 
done at all, because the expense would render it 
a luxury for the few. The poor would not have 
wood floors to their houses, nor elaborate and 
highly-finished wood fittings everywhere. 

Titaber differs from most other materials in 
the great variation which exists between different 
kinds, and in the differences in strength between 
good and indifferent specimens. It is not pos- 
sible to calculate the resisting power of timber so 
accurately as is done with most other structural 
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materials. In designing timber structures the 
sections of the individual parts have usually been 
decided more by judgment than calculation. In 
stee] and iron, strengths can be calculated from 
test pieces, and these materials will not deteriorate 
with age alone, nor are they subject to distases, 
as timber is. Hence, too,ethe reason why a 
much higher factor of safety must b8 adopted 
in using timber than in metal. 

Hard and Soft Woods. Wood is termed 
hard or soft according to the kind of tree from 
which it comes, but in both classes there are 
great differences in degree of hardness. Of these 
two the hard wood forms the largest section, 
but carpenters use more soft wood. In order to 
divide definitely the varieties of trees into the 
two classes of hard and soft, those with broad 
leaves are classed as hard, and those with long, 
narrow leaves as soft. This places some rather 
hard woods, such as yew, in the soft wood list ; 
but outside of the various kinds of pine there are 
only a few soft woods, and they are so little used 
that they are scarccly worth considering. The 
shape of the leaves seems a detail, but they are 
typical of the character of the tree. A broad- 
leaved tree is slow in growth, and does not 
attain so great a height compared with its 
circumference as a narrow-leaved tree does. 
The increased time occupied in its formation 
generally results in a closer-grained and harder 
wood being formed. Most of our native trees are 
ary wood, the oak standing at the head of the 
ist. 

Sources of Soft Woods. The important 
soft woods are al] varieties of the pines or coni- 
ferous trees, and are imported from North 
Europe and Canada. Most of our hard wood is 
imported also, because we have no_ timber 
forests in Britain, and could not possibly grow 
the commonly-used timbers fast enough to 
keep pace with our rate of consumption. 

Formerly, when we had a large home supply 
of vak, that was the wood most commonly used, 
and it occupied a more important position than 
the pine that has taken its place. Now oak 
vecupies a secondary position, especially as most 
of this wood is now imported, and is not con- 
sidered equal to British oak. Against this differ- 
ence in the kind of wood now most popular, 
however, we must place the fact that for much 
of the work for which oak was formerly used, 
such as shipbuilding and the framework of 
houses, stecl and masonry have been substi- 
tuted. 

Recommendations of Soft Wood. 
The reason why the soft woods are popular is 
because they are cheap, light, straight-grained, 
and easily worked; while for many purposes 
they are equal to the hard woods. The latter, 
however, differ so much in their physical 
characteristics, that each is best adapted for 
special purposes, and consequently they serve 
these purposes better than soft woods, though 
no single hard wood has so wide a range of 
usefulness as soft. In very many cases also 
hard wood is used solely for the sake of appear- 
ance. This is the case to a very large extent in 


cabinet-making. In ordinary carpentry hard 





Ce te) a 


‘i? | 
Ar] tO) i," 


CARPENTRY IBON WOKK 


52. Varieties of wire nails 53, Cut nail 64, Jron wood screws 65, Round headed wood mrew 66, Coach a w 
67. Ordinary or “ cup oy cry ware ‘bolt and nut 68, Railor square round sqnarc bolt and nut 59. (heew headed 
carriage bolt 60. Fang bolt 61. Strap bolt 62. Wrot iron washer 63, (ast iron washer 64, Hess lled washer 65 (ast 
iron washer for two bol 66. T strap 67 and 68, Stirrupa 69, Fishplates 70-78, Typical cast tron shoes tor timber o f 
74, Stanchion 75. Plain =~ -- = = 6 ani aa eer | Paes 2 ee | 
3343 


wood is used only because of its superior dura- 
bility and strength, or of some characteristic that 
specially adapts it for the purpose in view, as, 
for instance, the use of ash where a flexible wood 
is required. But the fact remains that the hard 
woods used by the carpenter are very limited in 
number. The chief, and by far the most impor- 
tant, is oak. The bulk of his work is done in 
soft materials, of which there are several varieties 
included under the genocric names of pine and 
firwood. 

The plate facing page 56 illustrates the grains 
of a large variety of hard and soft woods. 

Commercial Forms of Timber. Tim- 
ber in its commercial forms is usually of definite 
thicknesses and widths, and various names are 
applied to it according to these dimensions. If 
we consider them in the order of their size we 
have first the balk, or whole timber, or log. The 
term log really means the unsquared trunk of a 
tree, but is sometimes used in the same sense as 
balk, which means a squared trunk. The term is 
applicable to any large piece of timber, whether 
it represents the entire trunk of a tree or not. 
Unlike most of the other forms of timber, the 
dimensions are not of a fixed character. In 
length a balk may average 30 ft., but occasion- 
ally may be more than twice as long. Timbers of 
smaller section, such as boards, etc., range in 
length from about 8 ft. to 20 ft., 12 ft. being a 
common dimension. They are cut thus because 
great lengths are seldom required, except in 
engineer's work, and are not so convenient for 
handling. Balks were formerly squared with 
an adze, and to a considerable extent are still, 
but thore cannot be much doubt that ultimately 
the saw only will be used, and the adze 
become obsolete for the purpose. 

Next in size is a piece of timber called a ffttch. 
This is one-half of a squared log, or balk, that 
has been sawn down the middle lengthways. 
In section its width is consequently about twice 
its thickness. Next in size comes a plank. Thir 
term is often loosely used to describe timber 
that strictly comes under the name of board. 
The difference between the two is that a plank 
must be over 2 in. thick and over 10 in. wide, 
while a board must be less than 2 in. thick, and 
may be any width over 6 in. Deals and battens 
come in regard to size between planks and 
boards. They are thick, but comparatively 
narrow. A deal measures from 2 in. to 4 in. 
thick by 9 in. wide. A batten is of about the 
same proportion, but rather smaller in width 
and thickness. Quartering is produced by 
sawing deals into two, threo, or four strips. 
Scantling is a general term applied to sawn wood 
of any size. nds are short pieces of plank, deal, 
or batten. In addition to these terms for sawn 
timber, there are poles and masts, distinguished 
from cach other by their diameters, the former 
being less than 8 in. in diameter, and the latter 
more. These two terms are sometimes qualified 
to indicate further particulars. 


Market Quantities. There are also names - 


for quantities of timbor. It is sold by the 
standard, which is 120 deals; by the load, 
which is 50 cub. ft.; by the superficial foot, 
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the thickness being reckoned at 1 in. ; by the 
foot run, when width and thickness are specified ; 
or in some valuable hard woods by wesght. Match- 
boarding and flooring is sold by the square of 
100 superficial ft., or 10 ft. each way. 4 

The foregoing are a few elementary facts, but 
behind them there is a seat deal of cqmplication 
and confusion through differences in sizes and 
methods of measurement. These things, however, 
concern the importer and dealer more than 
the carpenter. e standard of deals (nominally 
known as a 100, but really 120) varies in number 
according to the size of the deals. In the London 
standard the deal measures 12 ft. by 9 in. by 
3 in. In the St. Petersburg standard, which is 
rather more commonly used than the London 
one, the dea] is 12 ft. by 11 in. by 3 in., and 
there are only 60 to the 100. There are also a 
number of athe standards, and the consequence 
is that in buying and selling timber the kind of 
standard has to be specified, and frequent trans- 
lations made from one into another. No matter 
what the size of the deals, however, the cubic 
contents of cach standard is always the sume, 
with unimportant exceptions. The number of 
cubic feet in a St. Petersburg standard is 165, 
and in the London standard 270. In the mea- 
surement of balks there are two different 
methods—the sfring and the caliper—which do 
not give similar results. The nominal dimensions 
of sawn timber may also differ from the actual 
dimensions. Imported boards are usually a 
trifle over the specified thickness and home-sawn 
boards are usually under it. This is because in the 
latter case 80 many boards are sawn from a deal, 
and no allowance is made for the amount lost 
in sawdust. In thin boards this difficulty is 
sometim’s got over by designating them as 
4 cut, 12 cut, ete., according to the number of 
saw-cuts made in cutting a 3 In. deal into boardr 
of that thickness. 

There is now much greater varicty in the 
market sizes of sawn timber than was formerly 
the case, and the carpenter can buy practically 
what he wants without having to reduce it 
himself from larger material, or vse material of 
one particular dimension, when a slightly differ- 
ent size would suit his purpose better. 

Qualities of Timber. Quality 1% speci- 
fied by dividing timber into the classes of tirsta, 
seconds, tlurds, fourths, fifths. and sixths, the 
last being the poorest. Firsts are sometimes 
qualified also by adjectives, such aa prime, 
selected, sound, dry, etc. 

This is done in order to arrange a scale of prices 
according to quality, and also because in speci- 
fications it is often desirable to fix a standard 
of quality below which the contractor must not 
go. Otherwise, it would be superfluous to class 
timber, when every man who is familiar with it 
is capable of judging the quality of any piece 
individually. 

The carpenter may generally assume that 
timber is not defective through a tree being 
felled before it was near maturity, or so late in 
life that the heart was decaying; and he can 
also assume that its after treatment, conversion, 
and seasoning has been carried out as carefully 


and correctly as was practicable, though the 
latter may often not be sufficiently somplees to 
fit the wood for -interior work. It is not often 
either that converted timber has any sapwood 
(thesinferior outer portion of the trunk) attached 
to it. The defects to be looked for are of a 
natural eharacter that could not be avoided. 
Where strength is required, straight grain [45], 
instead of crooked [44], and freedom from knots 
and shakes [46] or cracks, must be regarded as 
essential in a piece of wood of first-rate quality. 
Straight grain in soft wood is the rule rather 
than the exception. Knots are very objection. 
able, but often have to be tolerated, in apruce 
wood especially, because it is difficult to get 
boards without knots. Cracks generally occur 
as the wood dries in seasoning, and often cannot 
be prevented. They are objectionable, but 
whether they are a scrious defect or not depends 
on the way in which the wood is to be used. A 
board with a crack in it is not sound, as a board ; 
but the wood on both sides of the crack may be 
satisfactory, and it may be glued, or, with a 
little waste, cut, and the pieces on each side 
used separately. 

Defects in BalkKa. In Jarge balks there are 
sometimes defects that seriously impair the 
strength if the balk is to be used entire, or that 
cause waste in cutting up. Often the extent of 
the defects cannot be seen in the balk. There 
are severa) forms of shake or crack that occur 
in the trunk before the tree is felled. These 
may be either radial from the centre, or circum- 
ferential, between the annual rings. The 
former are known as heart and starahakes, the 
latter as cup or ring shakes. The precise cause 
or causes of these shakes are not certain, but 
they occur only in large trees, and are supposed 
to be due to interior stresses between the 
matured heartwood and the growing sap- 
wood. There is usually nothing to indicate 
their presence until the tree has been felled, and 
they can be seen in the end grain. These, how- 
ever, are not so common as shakes which develop 
from the exterior [49] after the tree is felled. 
In the trunk these may radiate from the out- 
side towards the centre, or, as is very Common in 
deals and boards, they may start at the ends. 
‘hey are due to shrinkage caused by the too 
rapid drying of the outer wood. «Precautions are 
taken to prevent them, but often they cannot 
be entirely obviated. 

Cross Grain, Knots, and Shakes. 
Cross grain, knots, and shakes are the three 
chief defects to look for in judging sawn wood. 
But a board may not have these defects, and yet 
be in an unsound state in consequence of discase 
or of variations in quality. Or it may be so 
wet that. except for rough out-of-door work, it 
is unfit for immediate use. Timber becomes 
diseased locally through injury occurring to the 
bark of the growing tree, and from incipient 
decay due to numerous causes. It becomes 
uneven in texture and in degree of strength 
from variable density of the fibres and from 
unequal nourishment, or other variable condi- 
tions, as, for instance, persistent sunshine or 
wind chiefly on one side of the trunk. These 
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variations, of course, are less marked in individual 
trunks than in separate treea which are grown 
on different soils, and cither isolated or in close 
proximity to other trees. This last factor has 
a considerable effect on the character of the 
tree by forcing ita upward growth, and more or 
less protecting it from the weather. Timber 
also, after it is felled, may be deteriorated by 
wood-boring insects. ° 
There are algo a number of diseases to which 
timber is subject. They are all indicated by 
discoloration or destruction of the fibres. The 
commonest of these is dry rot. This generally 
occurs in old timber that has been a long time in 
damp, warm, ill-ventilated situations. It is the 
result of a tungoid development that cata away 
the substance of the wood, leaving it in a dry, 
powdery condition, with a musty odour. 


Preservation of Timber. In finished 
work it is a very common practice to protect 
wood from the atmosphere and the deteriorating 
effects of alternating dampness and dryness by 
coating the surface with paint, tar, varnish, or 
other preservatives. Other methods are em- 
ployed to preserve the ontire substance instead 
of affording only a protecting coat on the surface, 
The chief among these is creosofing, which is the 
forcible injection of oil of tar or creosote into the 
pores of the wood. This renders it) poisonous 
to all forms of parasitic life, and effectually 
preserves the cae But the objections to it are 
that it blackens and makes the wood high] 
inflammable, and for many purposes the ariel 
of the tar in objectionable, Tt is used chiefly 
for out-of-door purposes where the wood comes 
into contact with the ground. Railway sleepers 
and paving blocks for streets are gonerally 
creosoted. There are several other Jess popular 
processes, but) the principle in most is to pre- 
serve the wood by making it, poisonous to parn- 
artic life. Only a very small proportion of the 
wood used by carpenters is subjected to any 
preserving process, and it is only when wood 14 
required to endure very trying conditions that 
there is any necessity for it, or any appreciable 
advantage in it. 

Shipping Marks. hese are marks 
chalked, painted, stamped, branded, or scribed 
on the ends of balks, deals, and most imported 
timber of any form. They indicate quahty, the 
place of origin, the shipper'’s initials or private 
mark, and sometimes those of the person to 
whom they are consigned. Lists of them are 
contained in most publications dealing with the 
timber and building trades. Shippers frequently 
change their marks, and new firms are continu. 
ally coming into existence, so that no list can 
be taken as permanently correct: and complete. 
They coneern the timber merchant more than 
the carpenter. 

Storage of Timber. ‘Jimber stored in 
or near the shop for immediate use need not be 
stacked so methodically as for seasoning, but it 
should not be allowed to lie in) positions that 
tend to strain or hend it; nor is it wine to 
let boards remain for a long time with one side 
exposed to the atmosphere and the other not 
It is generally inadvisable to pile boards on 
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top of one another, because of the difficulty of 

tion and withdrawal, when only the top 
ones are fully visible. It is better either to 
stand them on end againat a wall [80], preferably 
with their upper ends in a rack, which keeps them 
edge outwards, or to stack them side by side on 
their edges [51], in a horizontal position in a 
rack. If kept lying in piles on their flat faces 
it is necessary to allow an air space between each 
by inserting strips [47], hence termed stripping. 

If any piece be badly curved or twisted it 
should be subjected to treatment that bends it 
the opposite way ; and if left like this for a few 
days or weeks it will probably remain straight, 
or nearly so, afterwards. Boards that are thus 
distorted should also, when possible, be selected 
for cutting into small pieces, because the dis- 
tortion then may be reduced to nothing. Boards 
with knots, shakes, or other defects should be 
selected with a view to sawing them up and 
working them for parts where inferior stuff may 
be cad and the best picces kept for parts where 
good quality is imperative. 

Metal Accessories. Timber could not 
be used so generally or so effectively were it not 
secured and reinforced by suitable motal connec- 
tions. These are chiefly of wrought iron, and 
their character depends on the class of carpentr 
for which they are used. In the heaviest wor 
bolts and tie rods are very commonly employed 
for purposes where nails and pinned or dowelled 
joints would be sufficient if the work was of 
api character. Straps and stirrups are gener- 
ally alternatives to bolts, and are often employed 
to avoid weakening the timber ‘hy boring holes 
for bolts. 

Where whole timbers and balks enter into 
construction, castings and flat plates of wrought 
iron called fishplates are often employed 
in conjunction with bolts for holding joints 
together. For lighter work coach screws are 
common, and for the lightest, nails, screws, 
and glue. 

Naile. Nails are the most common and 
simplest means of uniting pieces of wood. 
They are driven with a hammer through the 
first piece and their ends extend some distance 
into the connected piece ; they hold by friction 
or the compressive force of the surrounding 
wood. Sometimes when the material is not thick 
and a strong hold is required nails of greater 
length than the total thickness are used, and 
their projecting ends are clinched, or bent over 
and hammered flush with the surface. But 
generally they should not be long enough for 
their points to come through the far side of the 
matcerial. 

Nails are sold in great variety, not only of size 
but of kind. There are consequently a number of 
names applied to them to qualify the term nail. 
When over about 5 in. in length they are called 
spikes, At the other extreme, in the small sizes, 
they are oftener known as pins, brads, or sprigs. 
The larger nails are sold by weight. Some small 
wire nails are sold in packets by count. The 
wire nail [52) is the most commonly employed 
and favourite form, especially when medium and 
small sizea are required. At one time the cut 
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nail [58] was the most popular. It is either of 
steel or wrought iron, rectangular in section, with 
a slight amount of taper, and increased in size 
at the head. 

Wire nails are made round, oval, and square 
in section; the last-named form is not much 
used, nor the ovalso much as‘theround, They 
are parallel, with pointed ends and small heads, 
and are made in sizes ranging from about } in. 
to 6 in. long. They vary in stoutness according 
to the work for which they are required. 


Screws. In any other woodwork but car- 
pentry screws [54] would come before nails in 
order of importance. Screws are superior to nails 
for all purposes, but they are more expensive 
and their insertion takes longer. They not only 
hold better when in place, but they can easily 
be withdrawn without injury to the work, and 
it is also often an advantage to be able to insert 
them without jarring the work as the driving of 
nails does. Screws are not made in quite so great 
a variety of form and character as nails, though 
their Jengths are about the same. The tendency 
in recent years has been to reduce screws from 
many types to a few. The ordinary type of 
screw is pointed at the end, threaded for nearly 
two-thirds of its length, with a head tapering 
to about twice the diameter of the shank, and 
flat on the top. The chief variation from this 
is in having the head convex [55] instead of 
flat on the top, and a square shoulder instead of 
a bevelled one on the under side. This variation 
is only made to adapt the screw for purposes 
where there is an objection to sinking the head 
flush with the surface of the work. Screws aro 
known by their lengths and sizes. They range 
from } in. to 6 in. in Jength, and up to 3 in. each 
occurs in about ton different diameters, the 
extremes of which for a 3 in. screw are shown 
in 54. These diameters are known by numbers 
which are printed on the packets in which the 
screws are sold. 

In order to distinguish the above from screws 
used for metal work they are called wood screws, 
and in Scotland screw nails. Their threads 
differ from those for metal in being farther 
apart. deeper, andthinner. This is necessary, 
because wood is a weak substance compared 
with metal, and no matter how thin and wide 
apart the threads on the screw are, they are 
still a great deal stronger than the intervening 
wood when the screw is in place. 


Coach Screws. Coach screws [56] differ 
from ordinary screws in having square heads, 
like bolts, instead of flat slotted heads. They 
are turned with a spanner instead of a screw- 
driver, and are also a larger and stouter type. 


Bolts. Bolts (57 to 61] are used in cases 
where screws threaded into the wood are not 
considered sufficiently strong to hold the parts 
together. Bolte go entirely through and hold the 
parts by the pressure which the head and nut ex 
ercise when the latter is screwed up. Large 
washers [62 to 65] are always used with bolts for 
wood, and the heads and nuts are usually square 
instead of hexagonal. In most cases also a 
short portion of the shank next to the head 


ia square [57 and 58] to one the bolt from 
turning with the nut. When long bolts are 
pap y made for a job they are often pieces 
of iron rod cut to length and threaded for nuts 
at doth ends. 

Fig. 60 is a fapg bolt, the “fangs” or teeth 
of the gut gripping in the wood while the head 
is being turned. ey therefore fulfil a similar 
function to the square necks in 87 and 58. Fig. 61 
is a strap bolt, which is employed for attachment 
to the flat sides of timbers, when other modes of 
fastening would not be available, or so secure. 

Besides holding parts together, long bolts 
sometimes serve the additional purpose of 
strengthening the timber with which they run 
parallel. In frame work they are often put 
through, or close to the under sido of rails and 
cross pieces, and they thus support and stiffen 
the horizontal timber, and also hold the vertical 
parts of the frame together. Door bolts, tower 
bolts, or socket bolts are a different article, used 
for locking doors, and have nothing in common 
with screw bolts. ; 

Figs. 62 and 68 are parallel washers, 62 being 
in wrought iron, or steel, 68 cast. from a pattern. 
Fig. 64 is usually cast, and is bevelled to suit 
bolts that do not stand squarely with the faces 
of their timbers. Fig. 65 is a cast iron washer 
for two bolts, being preferable to single small 
washers. 

Tie Rods. Tie rods fulfil a duty akin to 
that of bolts, both being in tension. They are 
not necessarily provided with heads like bolts, 
and in some few instances they may be tightened 
by a cottar instead of a nut. They aro dis- 
tinguished from bolts chiefly by their greater 
length and the fact that they arc supposed to 
tic distant parte together rather than to go 
through solid material. They are used to a 
great extent in roof work. 

Straps. Straps are pieces of thin rod iron 
of rectangular section, sometimes threaded at 
the ends for nuts, and bent to fit the pieces 
of timber that are to be held by them. They 
thus bind parta together rather more securely 
than bolts, and render it unnecessary to weaken 
the timber by boring holes. hen used 
to support beams they are called stirrups, 
In a simpler form they are merely flat strips of 
iron, often with branches, that Jie flat on the 
surface of timbers [66] and hold them together 
with their faces flush. Figs. 67 and 68 are 
stirrups. 

Fishplates. Fishplates ore flat plates of 
metal [68] which are bolted to the sides of 
large timbers in order to hold a joint together 
ad keep the faces flush and in bne They are 
generally used in pairs, one on each side of the 
timber, and bolta pass through as in the case 
of shoes. The plates are gencrajly the full 
width of the timber, and in length about six 
times the depth of the timber between them. 


Caet-iron Shoes, Cast-iron shoes [70-73] 
have to be made from wood patterns specially 
made to suit the work in hand. They usually 
enclose and hold together the ends of two or 
more large pieces of timber that meet at an 
angle, and that could not be substantially held 
by bolts or straps alone, The castings have 
to be made to the correct angle and size to fit 
the timbers, and they are held by bolts which 
go through both casting and wood. These 
castings are typical of other forms which onter 
largely into the heavy carpentry of roofs. The 
pattorn work is not difficult when the principles 
of the craft have been mastered, and o hand 
man might often be entrusted with such wor 
preferably to putting it out. 

Another class of work often used by carpenters 
dealing with shop and warchouso building is 
illustrated by the stanchions [74] and columns 
[75 und 76}. The pattern work for these might 
be done by an intelligent man. The important 
point in the design of such work is the firm 
fixing of the topand bottom with broad, bracketed 
flanges. ‘These Nadie risk of the atressos 
coming in any direction except right through 
the axis or centre, which would have the effect 
of bending instead of crushing the stanchion 
or column. It is also woll to cast joggles on 
one flange (75), or both flanges, to be let into the 
masonry foundations. Information respecting 
pattern work and founding will be found in the 
course of Mechanical Engineoring. 

Miscellaneous Requirements.  Be- 
sides the articles already mentioned, thero are 
a number that are more in the nature of fittings 
or appurtenances, and are used more in joiner 
and cabinet-making than in carpentry; and if 
we go far enough we come to a large class of 
more or Jess ornamental metal work used only 
by cabinet-makers. Among those used by 
carpenters, the most important are hinges, locks, 
and handles. Hinges are of two types: bult 
and strap, tho name gencrally applied to the 
latter being cross-yarnet, or tee hinges. The 
butt hinges are intended to be sunk into the 
surface of the wood, and consequently they have 
plain, square edges which extend only a short 
distance from the pivot or pm. They are more 
commonly used than the cross-garnet type. 
The latter are used chiefly for gates and ledged 
doors. The plates or flaps of the hinge extend 
a considerable distance in order to stiffen the 
wood and obtain a stronger hold on it Locks 
are made in great variety They difler im cha- 
racter according to whether they are intended 
@r doors, cupboards, or drawers. Door locks 
generally have to be esther ight or left-hand, 
to suit the door, the only exception being in a 
few kinds of lock that will suit either hand. 
Unless mortised into the door, a Jock is screwed 
to the inside. Handles are used for a great 
variety of purposes, and vary greatly in form. 
They usually have to be screwed to the wood. 


Continued 
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By ERNEST A. CARR 


As’ @ general rule, the young Briton in quest of 

a career in some portion of our Empire over- 
seas would be well advised to turn his at‘-ntion 
to private enterprise, whether farming, muning, 
commerce, or the professions, rather than to 
seek the services of the Colonial Governments. 
A moment’s reflection will suffice to show the 
reason of this. Most of the governing bodies, 
it has already been pointed out, can obtain from 
local sources an ample supply of suitable 
material, and have, therefore, no need to turn 
to the Mother Country for recruits. This is 
especially true in respect of the larger and older 
branches of the Empire—Canada, Cape Colony, 
Australia, and New Zealand, for example—in 
which o new generation has sprung up on the 
soil to contest with immigrant residents such 
vacancies as arise from time to time in the 
official ranks, 

An Authoritative Warning. These 
facts have led the Emigrants’ Information 
Office, a Government bureau controlled by the 
‘olonial Department, to issue a warning on the 
subject. In the preface to its ‘* Handbook on 
Professional Employment in the Colonies ’—a 
very valuable work which may be obtained, 
post free for threepence, from 31, Broadway, 
Westminster, S.W.—it is officially stated that: 
‘* Candidates from this country stand very little 
chance against persons on the spot of obtaining 
appointments in the Civil Service. Even tele- 
graphists, railway officials and employees are 
now generally trained in the Colonies. There is, 
therefore, very little inducement for a person to 
emigrate on the chance of obtaining an appoint- 
ment under a Colonial Government.” 

Apart from India and our Eastern possessions, 
which have been specially considered, the 
principal exceptions to the above general rule 
arise where certain Colonies, owing to the lack 
of training centres, the smallness of their 
white population, or other local causes, are 
unable to furnish enough qualified candidates for 
their own requirements. We shall therefor- 
pass in review the various openings thus aftorded 
to aspirants from Great Britain, and for our 
readers’ convenience these will be discusse® 
calling by calling, instead of grouping them 
according to locality. 

Clerical and Administrative Posts. 
In this branch of the public service there is 
practically no Colonial demand for British 
candidates, and in general no opportunity is 
afforded them of obtaining an appointment 
before quitting the home country, while in 
several instances they are specially excluded in 
favour of local applicants. There is, however, 
an important exception on behalf of students 
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from the British Universities who have failed to 
ass the contest for the Indian Civil or Police 
services, or for Eastern Cadetships. These 
candidates may often secure good appointments 
on the West African Coast, or elsewhere, by 
applying to the Colonial Office, Downing Street, 
S.W. The posts thus available include cadet- 
ships for the grade of assistant district com- 
missioner for the Gold Coast, with an initial 
salary of £250, and excellent prospects up to 
£2,000 or more. Such students are also selected 
sometimes by the Foreign Office for admini- 
strative posts in Egypt and British East and 
Central Africa, and by the British South Africa 
Company for their Rhodesian territory. 

Qn the other hand, the clerical service of 
Canada is practically restricted to persons 
brought up in the Dominion, or able to enlist 
local influence on their behalf. The Government 
regulations in Queensland require candidates for 
ordinary appointments to have resided for twelve 
months in the State; and the New Zealand 
authorities expressly seek to dissuade applicants 
from going out to that country with the idea of 
entering its clerical service. Other Colonies are 
no less discouraging. The Agent-General of 
Victoria has courteously acquainted us that 
*“ very few vacancies have been occurring in the 
Victorian public service for some years past, 
and when they do, it is found that the local 
supply is more than equal to the demand. 
There are large numbers of applicants whose 
names have been recorded for some years past 
awaiting vacancies.”’ For similar reasons, the 
Civil authorities in Cape Colony have suspended 
the entrance examinations, and the Transvaal 
Government notifies that “applications must 
be made in the Colony, and there is an ample 
supply of local candidates for the lower branches 
of the service, who generally have the pre- 
ference.” 

Incurable optimists who are not daunted 
from emigration by these and similar reports, 
will find m the “ Professional Handbook ” the 
conditions of entrance for the clencal service of 
the various Colonies. 

Railway Posts. Instead of being private 
enterprises, as in this country, the great majority 
of Colonial railways belong to the Governments, 
and, despite the allusion to railways already 
quoted from the “ Handbook,” these offer very 
much better chances of employment for a trained 
official than are afforded by the clerical services. 

To enumerate here the various rates of 
for railway men in each of the likely Colonies 
would occupy an unwarrantable space. These 
figures can be learnt on application to the 
Emigrants’ Information Office, or to the several 


Colonial agents in London. For our present 
purpose, a brief indication of the prospects 
afforded to men from home will suffice. 


South Africa. On the State railways in 
Cafe Colony there is no demand for office 
clerks or artisans, Out goods clerks and mechanics 
are sometimes engaged in England through the 
Agent-General for the Colony, 100, Victoria 
Street, S.W. The engagements are usually for 
three years, with payment of the passage out. 
Fitters are paid 10s. a day, and carpenters a 
little more ; but it should be remembered thit 
money at the Cape has only about three-fifths 
of the purchasing value it has in England. For 
the Natal railways, platelayers and signalmen, 
fitters, coachsmiths, and hammermen, are 
wanted from time to time—the first two classes 
receiving £10 to £17 monthly, and the others 9s. 
to 13s. aday. But these situations are gencrally 
advertised in England, and there is considerable 
risk in going out without ao definite prospect of 
employment. The staff of guards, clerks, and 
checkers, on the other hand, is recruited on the 
spot, and experienced men who have gone out at 
a venture have as good chances of engagement 
as those who are Colonial born. 


Australia. The rates of pay for railway 
employees in Australian and New Zealand are 
generally good, and the hours of duty light— 
from 48 to 57 weekly—but from every part of 
the Colony there comes practically the same 
report of the sufficiency of local candidates. 
Thus, the Government railways and tramcars 
of New South Wales employ a staff of nearly 
18,000 men and boys, but openings for appli- 
cants from England rarely occur ; the Victorian 
authorities notify that “ there are always many 
more candidates than there are vacancies for 
them ’”’; and the regulations in Tasmania and 
Western Australia practically prohibit the engage- 
ment of drivers, firemen, and certain other rail- 
way servants from outside sources. As a generel 
Tule, candidates for permanent employment 
must be under 35 years of age, and able to pas» 
a medica] examination. For clerks and superior 
officers an cducational test is also usually 
prescribed. 

The C‘anadian railways, like those under the 
Southern Cross, are officially reported to aftord 
“little or no opening for men from England.” 
But such announcements are intended only to 
discourage anything like a general movement 
to the regions concerned. Casual vacancics 
occur for which capable men, who have been 
trained on British railways, are in frequent 
request ; and while an engagement before leaving 
home is highly desirable—and for heads of 
families is, mdeed, imperative—thesc warnings 
need not daunt an efficient young railwayman 
without encumbrances from trying his fortunes 
in any Colony which, unlike Western Australia, 
has no prohibitive regulations. He should not 
take such a step, however, unless he has a little 
capital on which to live while seeking a pust, nor 
without consulting the experts of the Emigrants’ 
Information Office as to the likeliest field of 
employment. 


OVI. SERVICE 


Police Appointments. Our Colonial 
police are, in some few instanc:s, municipal 
servants~—aa at Cape Town and Durban, for 
example. Most of the townships, however, are 
too small and scattered to maintain separate 
forces, and police control is therefore usually 
exercised by the Government of tho Colony. — 

The life of a police trooper in the Colonies is 
at least as hard as in the home country, his pros 
pects of promotion are generally but hitle 
better, and the increased cost of living often 
renders his higher wages an apparent rather than 
a real advantage. On the other hand, the 
semi-military duties of many (Colonial forces, 
the chances they offer of sport and adventure, 
and that “call of the wild’ which the great 
lonely spaces of the Empire utter to the imagina- 
tive car, give there services an attraction not to be 
measured in terms of self-interest, and draw 
into their ranks many men whom the prospect 
of he or provincial police duty at home would 
repel, 


The South African Constabulary. 
This body is engaged in police duties in tho 
Transvaal and Orange River Colony, but in 
time of war may be employed for military 
purposes. It is sometimes recruited in England, 
but this has ceased for the present, and candi- 
dates must now make written application to the 
Chief Staff Officer at Johannesburg. Persons 
resident in the United Kingdom may apply, 
on the understanding that if approved they munt 
pay their own travelling expenses to South 
Africa. ‘They should state their age, height, 
chost measurement and weight, mention their 
qualifications, and enclose copies of their testi- 
monials, including two from gentlemen of posi- 
tion, one of them a magistrate. The standard 
of height is 6 ft. 6 in., and the age limits are 
2.) and 35. Recruits are engaged for three 
al with a provision for extended service. 
n addition to free quarters, rations, clothing, and 
equipment, and a horse when required for duty, 
members of the constabulary receive pay 
ranging from 5«. a day for constables to 10s 
for sergeant-majors and 15s. for warrant officers. 
Commissions are obtainable from the ranks 
The London Staff Officer- from whom further 
particulars are to be obtained at King's Court, 
Broadway, Westminster, S.W — informs us that 
in hia opinion the conditions of service in this 
corps will probably be changed when respon- 
sible government is established im the two Colones 
concerned, 


Rhodesian Forces. The British South 
African Police are a mounted force employed, 
under the control of the Imperial Government, 
in maintaining order in Southern” Rhodesia, 
Non-commissioned officers. and men are re- 
cruited locally, and somctimes by advertisement 
in England. Recruita must be at least 20 years 
of age and-—unless they have served in another 
police force —not more than 25. They must he 
of good character, able to ride and shoot, between 
5 ft. 6 in. and 5 ft. 10 in. in stature, and of 
proportionate build. Officers are occasionally 
gent out from England, but are usually appointed 
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in South Africa. The rates of pay are as follows: 
Troopers, 58. a day; sergeants, 6s. to 8s.; ser- 
rape 12s, 6d. ; commissioned officers, 

5s. 6d. to 30s. and upwards—in each case with 
free quarters and rations. 

The Southern Rhodesian Constabulary are 
employed as civil police in the towns, and are 
recruited at Salisbury, at Bulawayo, and occa- 
sionally in London. Men enrolled in England 
receive 2s. 6d. a day from the day of sailing, and 
are provided with a passage to South Africa, 
the cost of which they must meet by monthly 
deductions from their pay. Constables are paid 
8s. to 10s. a day; detectives and sergeants, 
128. to 168.; with free rations and equipment, 
but no quarters. The commissioned ranks 
receive from £404 to £500, and are filled by 
promotion from the N.C.O.’s. 

Further particulars as to either force may 
be had of the British South Africa Company, 
2, London Wall, E.C., who will always inform 
oe whether recruiting is proceeding in 


n 

Cape Mounted Police. This is a semi- 
military force much resembling the South 
African Constabulary in its constitution. It is 
equally liable to army duties in case of emer- 
gency, the term of service is identical, the rates 
of pay and allowances are very similar, and the 
same physical standard is prescribed for recruits, 
but wider age limits are fixed—namely, 18 to 
30 years. As recruiting in England has been 
el tain applications for enrolment should be 
addresssed to the Commissioners of the force, 
at Cape Town. 

Cape Town and Durban Forces. 
When home recruiting is in progress for the first 
of these bodies, men are engaged by the Agent- 
General for Cape Colony, who will supply all 
requisite information on the subject. Constables 
in the Cape Town corps are paid £110, £125, 
and £140 during the three years of their engage- 
ment, with free quarters and uniform. The 
Durban Police Force is available to suitable 
applicants from the United Kingdom, the 
conditions of entrance prescribing 5 ft. 9 in. 
as the minimum height and 35 as the maximum 
age. Preference is always given to unmarried 
men. Candidates from this country should write 
for instructions to the Sie andy satire’ at Durban. 
The pay is £132 a year for constables, rising in 
two years to £144; and sergeants receive £162. 
Messing and quarters cost about £4 a month. 

Natal Police. Tho local supply of re- 
cruits is generally sufficient to replace losses. 
When enlistment is open in England it is under- 
taken by the Agent-General for Natal (26, Vic- 
toria Street, S.W.). Recruits, who must be 
between 19 and 25 years of age and not less than 
5 ft. 7 in. nor more than 6 ft. in height, are en- 
rolled for three years, with the option of renewal. 
Constables receive 7s. to 8s. a day, with quar- 
ters ; sergeants, 9s. to 10s. ; and sergeant-majors, 
lis. In the higher grades, which are filled by 
promotion, salaries range from £275 to £550. 

Avatralia and New Zealand. In the 
Australian States, as in New Zealand, candi- 


dates must apply personally at the police head- 
uarters in each Cdlon : and there ae demand 
or men from land. It would therefore be 


useless to detail conditions of service in the 
several forces ; they may be found by the curious 
in the Emigrants’ Handbook, to which we hive 
already referred. ° 

Canada and the N.-W. Mdunted 
Police. Even more exclusive than in Australia 
ure the conditions of British Columbia, where at 
least a year’s residence must precede any appli- 
cation for police employment. 

The Royal North-West Mounted Police Force, 
however, is more readily accessible to English 
candidates. This distinguished lice corps 
attracts far more British than Canadian recruits ; 
and although all would-be entrants must present 
themselves in the Dominion for enlistment, a 
wise provision of the Commissioner enables them 
to make fairly certain of their chances before 
incurring the expense of the journey. On 
applying to that official at Regina, N.W.T., a 
blank medical certificate can be obtained, together 
with information as the the existence of vacan- 
cies, the standard of requirements, and the terms 
on which troopers are engaged. By returning 
the medical form filled in by a local doctor, a 
candidate residing in the United Kingdom can 
ascertain from the authorities his prospects of 
acceptance or rejection on the score of health. 

The terms of service admit only single men 
between the ages of 22 and 40 who are active 
and able-bodied, and of excellent character. 
They must be able to read and write, and must 
understand the care of horses, and be good 
riders. The minimum height is 5 ft. 8 in., the 
chest measurement must be 35 in., or more, and 
the weight must not exceed 175 Ib. Constables 
are enrolled for five years, and reccive 60 cents 
a day, rising to 1 dol., with rations. Non- 
commissioned officers drew from 1 dol. 10 cents 
to 2 dol. a day. 

The acting adjutant of the force, to whose 
courtesy we are indebted for much of the above 
information, concludes his letter intimating the 
existence of vacancies with the following useful 
remarks to candidates: ‘‘ Applicants must be 
perfectly sound from a medical standpoint and 
have certificates of exemplary character. In- 
tending recruits have to report at Regina at their 
own expense and be prepared to undergo a 
very strict medical examination by our own 
surgeon. They must assume all risks. Young 
men of about 22 years of age, well educated, and 
of strictly temperate habits, are most suitable 
for our service. In fact, intemperance is sup- 
pressed with a stern hand.” 

The Crown Colonies and Uganda. 
Candidates for police posts in Uganda or the 
East African Protectorate should apply to the 
Secretary of State for the Colonies. € appoint- 
ment of officers of the police forces of the Crown 
Colonies is in the hands of the same official, 
and application should be made to his private 
secretary at the Colonial Office. The rank 
and file in these latter Colonies are, of course, 
natives. 


Continued 
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DAIRY FARMING 


Modern Dairying on the Continent and in England. How Production of 
Mite, Cream, Cheese, Butter, and Preserved Milk can be Improved. Tuberculosis 
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By Professor JAMES LONG 


THE art of dairying, like those branches of 

acience which are playing such an important 
part in its dvvelopment, was practically unknown 
to the agricultural world a quarter of a century 
ago. It was, in fact, impossible to obtain inform- 
ation in this country with regard to many of 
the features of successful practice as regards 
both butter and cheese manufacture which are 
now common property. 

Engiand Behind the Times. It is, 
however, almost proverbial that in some countries 
on the Continent the work accomplished was far 
in advance of our own, while investigation was 
proceeding upon definite lines, and _ scientific 
men were at work upon problems which were not 
even dreamt of in this country. We possessed 
neither the equipment for such work nor the 
men to undertake it. Indeed, at the present 
time, although large numbers of young men have 
been trained in the more recently established 
colleges and dairy schools, little has been done 
either in the form of demonstration or investiga- 
tion, and we are, therefore, compelled to rely to 
a very large extent upon what is accomplished in 
America and on the Continent for many of the 
most important facts in relation to dairy science. 

Modern dairying owes its incentive in large 
measure to the action of the British Dairy 
Farmers’ Association, whogs labours were con- 
sulted or employed right and left by other 
associations, and by the County Councils at the 
time of the establishment of the system of 
technical education. These men have done their 
work, and in large part have been succeeded by 
trained students who aro now professionally 
engaged in the various departments of instruc- 
tion and investigation. 

Modern Dairying. In this country the 
production of milk for sale in its natural con- 
dition has become the most important feature 
of dairy farming, elaborate machmery as shown 
in 1 and 2 being employed to-day he limited 
size of our islands, with their large population, 
practically forbids the production of all the butter 
and cheese we require for our consumption. Thus, 
while the importation of fresh milk is practically 
prohibited by time and temperature, the daily 
demands of the people make it imperative upon 
the farmer to abandon to a very large extent the 
manufacture of the two chief products we have 
named for what in most cascs is the more 
lucrative practice of producing milk for sale. 
There is, nevertheless, still great scope for the 

uction not only of more milk, but of more 
tter and cheese, and in each case of better 
quality. The following figures, which relate to 
the year 1905, will ‘fortis some idea of the 
enormity of our import trade, a trade which to 
a large extent should be in our own hands. 


Quantity Value 
Rutter 4,147,866 cwt. .. £21,586,6:22 
Cheese 2,442,682 ..  .. 6,339,811 
Condensed Milk 893,634 1,584,363 


In addition, we paid 2} muilhons sterling for 
margarine, the total value im dairy produce 
amounting to 32} millions, or ten millions more 
than we paid ten years ago. 

The Present Position of Dairying. 
We shall still further enable the reader to under- 
stand the present condition of the industry at 
home, and what it is still possible to accomplish, 
when we point out that the average consumption 
of milk is considerably less than half the average 
consumption of beer, though the average con- 
sumption of milk has increased during the past 
few years. 

The products of British dairy farming are : 

1, Milk for sale. 

2. Cream for sale. 

3. Butter. 

4. Cheese, which is manufactured in five 
forms —(a) preased, (b) blue veined, (¢) unpressed, 
(d) soft, (e) cream, and 

5 Condensed and other forms of preserved 
milk. 

Skimmed milk is also sold in large quantities, 
but it is known to be largely employed as an 
adulterant of new milk. 

Milk. Milk produced for sale varies in 
quality § In accordance with the Government 
standard, it must contain 3 per cent. of fat. 
The richest milk produced by farmers and 
othera—that from Jersey, Guernsey, and Devon 
cows —xcldom finds its way into the market ; 
it contains from 4) to 54 per cent of tat, 
individual cows often doing still better, and 
possesses greater value for butter production 
than the milk of other cattle 

Cream. (‘ream is sold in two forms—-(1) 
that which is skimmed by hand or by the 
separator, and sold quite fresh or in jars, 1 
hich it iM preserved for keeping by the dele 
terious admixture of such drugs a6 boracie acid 
or formalin, by which practice ite flavour ts 
spoiled; and (2) clotted cream, almost exclu 
sively the production of Devon, Cornwall, and 
Somerset. Th maternal, richer in flavour, 
having been submitted to heat, keeps under 
natura) conditions mach longer than = eream 
skimmed by hand or hy the separator. 

Butter. The butter we produce varies 
in quality and character as much as in price, 
7d. a pound being by no means uncommon in 
some markets during summer, while 1s, 6d. and 
still higher figures are often realised by skilled 
makers, oftentimes amateurs, as the production 
of a Jersey or a Guernsey herd. British butter 
may be divided into two categories, that which 
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is produced on the farm and that which is the 
product of the creamery or factory. The average 
samples of either are, perhaps, not superior to 
the best brands imported from France and 
Denmark, but the best brands in this country, 
such as those exhibited at the National Dai.y 
Show at Islington in October, are incomparably 
superior to anything we import, or which, as we 
believe, it is possible to land on these shores in 
the present state of our knowledge. We are 
compelled to admit that our inferior brands 
of farm butter are less palatable than the 
uniform product of the Danes and the Normans, 
and it is for this reason that the character and 
the flavour of our best butter ix practically 
unknown to the averuge consumer. The best 
imported butters are the factory brands of 
Denmark, and the best blended butters are 
those of France; following these in order 
come the products of Canada, Italy, Holland, 
Australasia, Germany, and Russia. 

Cheese. Cheese is made in this country 
in great variety, although to a much less extent 
than in France. British cheese may be classed 


as follows: 
PRESSED. 
Cheddar, Cheshire, Gloucester, Leicester, 
Derby, Lancashire, Wiltshire Loaf. 
BLuE VEINED. 
Stilton, Wensleydale, Cotherstone, Dorset 
(chiefly skimmed milk). 
UNPRESSED. 
Caerphilly. 
Sort AND CREAM. 
Yorkshire Curd, Godmanchester, Colwick, 


Slipcote, Coulommiers, Gervais, Pont l’Evéque 
(the three last-named are imitations of French 
articles), and Cream. 

The most important British cheese is Cheddar, 
which is the type of the product which reaches 
us in such large quantities from Canada and 
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Australia and the United States. In flavour 
and character it probably stands at the head of 
the cheese products of the world, although 
closely approached by the best Gruyére of France 
and Switzerland, and the Gouda of Holland. 
Cheshire of fine quality is largely consumed by 
the huge manufacturing and operative popula- 
tion of Lancashire, Yorkshire, and Cheshire. 
Leicester in ita finest form is the most mellow of 
all British pressed varieties, but the art of 
making the best, if not lost, is now apparently 
but little practised. Stilton, made by a limited 
number of farmers, the majority of whom pro- 
duce an inferior article, is practically on the 
market only during a limited season from 
December forwards, although it might and should 
be produced for sale during the whole year. 
Its superior quality as compared with the 
veined cheeses of the Continent, notably Gorgon- 
zola, fits it for a lucrative and extensive export 
trade, but it is, even in our own country, super- 
Keded thoughout the entire year by Gorgonzola 
of second and third rate quality hailing from 
Italy. Wenrleydale, at its best. is equal to the 
finest Stilton produced. Our curd and cream 
cheeses are much fewer and infinitely inferior tu 
those produced in France, in which country the 
koft-checse industry is of enormous proportions, 
enabling milk-producing farmers to realise much 
better prices than are obtained in this country, 
though the same results are possible. We are 
content to import Brie, Camembert, Roquefort— 
a sheep's milk blue-veined cheese—Pommel, a 
mixture of cream and milk curd: Port du 
Salut, which somewhat resembles our Caer- 
philly, although superior in quality, and other 
varieties, all of which it is possible for our 
people to produce with great profit to themselver. 
Condensed and Preserved Milk. Con- 
denred milk is now manufactured both from 
the pure and the skimmed milk of the cow, which 
also produces the 
raw material from 
which various brands 
of dried or powdered 
milk are manufac- 
tured. Beyond the 
fact that the farmer 
produces the milk for 
the manufacturer, the 
preserved milk in- 
dustry has practicully 
no relation to dairy 
farming. 
Creameries. 
For many years the 
factory and creamery 
systems have been 
extending in all dairy 
farming  countrie:, 
although in England, 
perhaps, least of all. 
The milk is contri- 
buted by the farmer, 
tested on its receipt, 
skimmed, the cream in 
most well-conducted 
establishments 





_ inoculated 
with a prepared starter 
con the bacteria 

for the pro- 
duction of flavour 
quality, agid subse- 
quently churned in 


large quantities (2). 
Next to ark, 
which has led the world 
in this department of 
the dairy industry, 
Ireland is perhaps the 
most notable example 
of progress in the 
creamery system. As 
we write there are in 
Ireland 342 creameries 
on the co-operative 
system, apart from 
many others of a 
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rivate character. 
mproved work has 
enabled the Irish, while 
increasing the price, to 
increase the yield also. 
Valueof Bacteria. 
The introduction of 
the cream separator more than twenty years 
ago by the Swedes and the Danes was almost 
contemporaneous with the inauguration of 
advanced dairying in this country; although 
followed by other inventions, it effected a 
practical revolution. Since that time the dis- 
covery that the flavour of butter and its 
heeping qualities are controlled by bacteria has 
enabled the maker to effect further improve- 
ments. io that tho product of to-day, while 
far mn advance of that manufactured by the 
past generation, will keep for a fonger period. 
Much tho same transformation hai occurred 
with regard to cheese, which 16 now manufacturcd 
by all competent persons on the basw of 
scientific teaching 

Progress in ono direction, too, has been 
accompanied by prog‘ess in another The dis- 
covery of a method of manufacturmg an imita- 
thon butier known as margarine, by the aid of 
oleo, an important production of the Chicago 
stockyards, has led to its admixture with pure 
butter, and consequently to a form of adultera- 
tion which is now punishable by law, but which 
in this country is often difficult of detection 
Butter, however, which normally contains from 
12 to 14 per cent. of moisture, is alto adul- 
terated with water up to as much ar 25 per 
cent, although a Bill for the prevention of 
the fraud, and limiting the water percentage to 16, 
has been introduced into the House of Commons 
by the Minister of Agriculture. 

Sale and Yield of Milk. It is alro 
instructive to learn that the farmer still sells 
his milk to the dealer, in spite of the existing 
law, by the barn gallon of 17 pints, practically 
2 gallons with a pint overplus, which in earlier 
days was regarded as necessary to make up for 
the loss in retailing. Milk is usually sold under 
contract, realising a higher price from October 
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to March than during summer, usually Is, 8d 
to 1s. 4d per barn as against Is. dd. to la Sd. 

The dairy farmer's success deponds almost 
entirely upon the productive powers of his 
catile, and, therefore, upon jis own +lall as a 
buyer or brecder, and as a feeder The average 
yield of milk in this country, as in America, 
in about 440 gallons per cow, which i ag 
insufficient quantity to provide a profit. The 
fact, however, indicates that as thore aro 
large numbors of cattle which yield coneider- 
ably more—from 1,000 to 1,200 gallons in indi. 
vidual cows, and from 600 to 700 gallons over 
whole berds—numbers of farmers must be 
owners of cows which yiold considerably Joss 
than 400 gallons Tho dairy farmer 1s more 
often than not a breeder of his own stock, and he 
should mate his cows with a bull of « milking 
strain, whose influence will assuredly result in 
the mprovement of the milking properties of 
almost every heifer calf which ws born to him. 
In this country we have no bystem of testing 
and recording cows as milkers, consequently 
we have no milking herd-bovk, or record, as 
18 the case in the United States, For the samo 
reason, too, a progressive farmer dering to 
mate his stock and to breed upon serentifi 
principles for the purpose, has no useful means 
of ascertaining where to obtain a bull of a 
known milking strain, or cows which sre them- 
xelves milkere of the highest type. 

Feeding Principles. © Economy in milk 
production may be effected in another direc. 
tion. There is nothing in the management of 
as herd so important as a knowledge of the 
principles of feeding. ‘To rely solely upon the 
common produce of the farm—hay, straw, and 
roots—is in these days absolute folly; yet 
there are many dairy farmers who use neither 
corn nor cake, or who, making purchases of 
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both, employ them without recognising the 

rinciples pe which they should be sclontod. 

his matter has been discussed in the section 
upon Foods and Feeding in Farming, but it is 
essential to point out that rich foods are 
necessary up to a certain point to provide for 
the manufacture of the solid materiale which 
milk contains; and that those foods might be 
grown upon the farm in the great majority of 
instances at very much less cost and with far 
greater economy than by purchasing them, or 
their equivalent, in the market [see pages 2702- 
2706 and 2904-2909). 

Improvement in Dairy Production. 
Our third proposition relates to the exercise 
of greater skill in the production of butter 
and cheese. It is possible that less than 10 
per cent. of our farm manufacturers of these 
two products are failing to obtain better prices 
owing entirely to deficient knowledge. Dairy 
schools exist, and itinerary instructors travel 
in many counties at the expense of the 
ratepayer; nevertheless, large quantities of 
English farm butter are sold week by week at 
much lower prices than are realised by imported 
brands, while the quantities of first-class cheese 
which are obtainable by dealers are so small, 
and of second and third class cheese so large, 
that one is almost inclined to despair of the 
future of British dairying. Butter which realises 
8d. per lb.—a very common price in summer 
—practically returns, allowing 1}d. a gallon for 
the skimmed milk from 4d. to 4$d. per gallon, 
whereas when Is. 2d. to 1s. 3d. is realised—and 
atill better prices than these are obtainable for 
first-class Jersey or Guernsey butter—7d. per 
gallon may be obtainable. Thore are two reasons 
for this, the more perfect removal of the cream 
from the milk, and greater skill in manufacture. 
It is precisely the same with cheese. Many 
makers fail to obtain more than 50s. to 60s. 
per owt. Others, equally clever in marketing 
as in manufacturing, obtain from 75s. to 8s., 
and in exceptional cases still higher figures, 
without adding the value of the whey. 

Marketing. This question, which brings 
into prominence the business side of the farm, 
is one which is very much neglected. The 
farmer is seldom found circularising the public, 
or taking any steps by advertisement or other- 
wise to obtain regular customers with whom he 
may conduct a weekly retail trade. His cheese 
is sold to a merchant; his butter, more 
frequently than not, to a local shopkeeper, 
who is clever enough to obtain a profit upon 
what he buys as well as upon what he sells. 

Among other subjects that may be briefly 
dinrnased here are some which directly bear 


upon the economy of the dairy. It is the 
custom in this country to house cattle during 
the night early in October, but it has been 
shown by demonstration at the Harper Adams 
College at Newport, in Shropshire, that where 
the cows are kept out of doors on the pastures 
at night to the close of the year instead of 
bringing them in with October, money is saved. 
This is one among many questions which 
farmers should test for themselves, whatever 
their practice or belief may be. Again, in 
the rearing of young stock it has been demon- 
strated by the officers of the Yorkshire 
College that great saving may be effected b 
feeding calves upon skimmed or separated mi 
to which cod-liver oil has been added in order 
to replace the fat that has been removed in 
the cream. * During successive years groups 
of calves were coaxed to maturity, the accounts 
being strictly kept, on two systems of feeding, 
with whole milk and with skimmed milk and 
oil, and in each oase the resulta were in favour 
of the latter. 

The practice of town cowkeepers, who bu 
of the best that can be found, is to fatten mee | 
animal for the butcher as its milk supply 
decreases, with the result that there is a oon- 
tinual drain of the best cows in the country, 
very many of which are of high value as stock 
for breeding purposes. Whatever may be the 
practice, the principle is wrong. 

Tuberculous Milk. Since the discovery 
that the disease known as tuberculosis ma 
be communicated to man through the mi 
which he consumes, great efforts have been 
made not only to confirm the belief, but to 
prevent the possibility of an affected cow being 
retained in any herd or dairy. Many breeders 
and cowkeepers have, in consequence, sub- 
mitted their cattle to what is known as the 
tuberculin test. The injection of the serum 
known as tuberculin—which contains no living 
bacilli—is followed by symptoms which, where 
tuberculosis exists in the slightest form, indicates 
the fact, and enables the owner to remove her 
from his herd. There are, however, doubts 
both in the minds of scientific and practical 
men as to the efficacy of the test, in spite 
of the many apparent proofs which have been 
demonstrated, as well as to the truth of the 
fact that the germs of the disease are found 
in milk. Hence we may suspend our judgment 
in some degree, yot we are bound to express 
the belief that where the udder of the cow is 
tuberculous—and this is recognised practically 
by all public authorities—the milk which is 
ia from it is a source of danger to human 
ife. 
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WE completed with our previous study a rapid 
yet comprehensive survey of English Prose 
Fiction as it is embodied in the writings of 
the more notable novelists of the past down 
to Robert Louis Stevenson. The extent of the 
subject, and our desire to maintain throughout 
the historical method of treatment, left us little 
or no space to devote to the aeparate considera- 
tion of the great variety of literary forms which 
ight. reasonably be included under the head of 

e Novel, not to say the still greater variety of 

hich the term Prose Fiction admits. But the 
udent anxious to pursue further the studies 
hich we have at least begun wil! find in what 
as been set down many finger-posts pointing 
1e way to increased knowledge of the subject, 
hile the general reader will have secured 
hat might be termed a rough ground-plan, or 
rorking outline, of all that is best worth reading 
2 English Prose Fiction. 

The Good Work of Our Own Day. 
‘or the present study we have reserved the work 
f those novelists who are still living and in 
nost cases still writing, as we are persuaded that. 
here is great need in a work of this kind to 
nsist upon the merits of living writers when so 
nuch of our attention must necessarily be drawn 
4 the authors of the past. We have no sympathy 
with those critics who seem never so happy 
28 when they are sneering at the productions of 
their contemporaries. A very little study of 
literary history will show that in all ages there 
have been critics who have maintained this 
age Shakespeare had many «tletractors in 

is own day, Scott was not without his adverse 
critica, Dickens was scoffed at as a writer of 
Jow Cockney books. Rather is it desirable to 
look around us, that we may discover what 
good in the work of our contemporaries. And 
if we but do this to-day we shall be agrceably 
surprised to find how excellent is the prose 
fiction of our living writers. 

The Novel a Perfected Instrument. 
If we have not many giants among us—and 
this is the most difficult of all things to determine, 
as we do require some distance of time to measure 
accurately the real dimensions of a great writer— 
there is no manner of doubt that the general 
level of excellence represented by the body of 
contemporary fiction is considerably higher 
than that obtaining in any former period of our 
literary history. The novel has become in our 
own any a perfected instrument. From a formless, 
oe , uncraftemanlike thing, such as we find it 
in the hands of even great writers in the past, it 
has develope] into an admirably proportioned 
and wonderfully effective literary medium. 

What we are saying is that the average good 


novel of to-day is as superior to the average 
novel of the mid-Victorian days as a modern 
express locomotive is superior to the old “ Puffing 
Billy.” This means thot the literary art, as 
distinct from genius, which may be, but. is not 
always, above and independent of convention, 
has vastly improved from the days of our 
forefathers. Though all this will be held to require 
considerably more proof than we can possibly 
hope to advance in this very brief study, we 
may content ourselves by suggesting that in 
support of our assertion we have only to 
examine any representative story by such writers 
as Mr. Israel Zangwill, Mr. Eden Phillpotts, 
Sir Arthur Conan Doyle, Mr. Halliwell Sutcliffe, 
Mr. S. R. Crockett, Mr. R. S. Hichens, Sir 
Gilbert Parker, Mr. Neil Munro, Mr. A. E. W. 
Mason, and at least a score of other equally 
well-known writers, to realise how firm and 
admirably wrought is the texture of our con- 
temporary fiction a4 compared with that of any 
previous period. 
A Healthy Sign of the Times. The 
fact that sido by side with what is entirely 
praiseworthy in the modern novel there exists 
& vast amount of fiction that is undeniably 
trashy, false to every canon of the literary art, 
useless and often worse than us ‘less as furnishing 
for the mind, has led many histy critics into 
unfortunate generalisations condemnatory of the 
whole body of contemporary fiction. In_ all 
times, and everywhere, the weeds have flourished 
as luxuriantly as the flowers— often more pro- 
fusely. It is so to-day in the world of Ictters, 
but not more so than at uny timo in the past. 
That so many of our best living novelists are 
widely and sagpirg Shagee read by an over inerens- 
ing public is of far more importance than the 
fact that an immense number of superticial writers 
secure large ciroulations for their works by the 
peices of the uncultured. While we cannot 
10pe in the little space that remains to us to do 
justice to the best work of our contemporary 
novelists, and while many worthy of some 
attention at the hands of all who would be well 
versed in Jiving writera may have to be passed 
over with the mere mention of their names, we 
may at least do something to preserve a sense of 
roportion by ignoring entirely many more who 
ave won only the ignorant approval of the mob. 
The Two Greatest Novelists. There 
is, of course, a sense in which the two 
eatest living novelists, Mr. Meredith and Mr. 
ardy, should have come into our previous 
study. As writers of fiction, both may be said 
to have ended their careers. It is a pity that it 
should be so; that Mr. Meredith should have 
written no work of fiction since 1895, and that 
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Mr. Hardy, who is not yet seventy years of age, 
should have laid down the pen of the novelist 
when he was only fifty-two, with all his brilliant 
powers at their ripest. But the fact is so, and 
we must not complain, for each has to his credit 
a splendid tale of work ; and although they are 
essentially of the Victorian Age, it satisfies 
our pride no less than it fits in with our historical 
method to regard them as our contemporaries 
of to-day. 

George Meredith. Stevenson owed a 
great deal to Grorncas MrEreEpiTH (b. 1828) ; 
and this fact may be taken as specially significant. 
What, we may well ask, adapting a well-known 
line, do they know of Meredith who only 
Meredith know? The answer is that the 
know a great deal, but that tho great deal fa 
very considerably short of the whole. Though 
his first book, a volume of poems, was published 
in 1851, Meredith did not begin to be appreciated 
by the public till quite thirty years later. Even 
to-day, though there exists what is called a 
Meredith cult, it cannot be affirmed that its 
“idol” is popular. We may reasonably doubt 
if he will ever be read as widely as, say, Thack- 
eray; if he will ever become a “classic.” But 
to the student of contemporary English fiction 
Meredith is something greater than a popular 
writer. Ho is, and has been for years, a great 
influence. Stevenson counts but as a unit 
among those who have been and who will be 
influenced by him. There are various reasons 
for the power he has exerted over his contem- 
poraries. The chief reason is that he has 
chosen to look at life with his own eyes, 
and to describe it in his own words. The life 
he depicts may not be the hfe with which wo 
are all familiar. His people are, as he has 
described them, “actual, yet uncommon ” 
Meredith is a social satirist. Full often he 
smites and spares not. But it is scalpel work, 
never mutilation. Ho was a poet before he was 
a novelist, a philosopher before he was a poct, 
and his novels are poetry and _ philosophy 
combined. His place is with Browning and 
Carlyle. They and he have the defects of their 
qualities. But what splendid qualities these 
arc! Meredith is thought-compelling. He gives 
exercise to the mind. He is a fellow-traveller 
on life’s journey who gives readily from a store 
of experience that is vastly greater than our own. 

How to Study Meredith. Some of 
us have not yet learnt that we get no more 
from a book than we bring to it: minas have 
to be “ worked’ as well as mines. The Mere- 
dithian mind is an intellectual Golconda. The 
right way to “work” it is to study the man 
and find out the origin and motive of his writings. 
None of Meredith’s novels can be fully appre- 
ciated at a first reading. Knowledge, as well 
as industry, is essential. How, for example, 
can “The Tragic Comedians’ be understood 
unless the reader know something of the career 
of the German Socialist Lassalle? But the 
diligent student will find Meredith to a very 
considerable extent self-critical and self-ex- 
planatory. As to his style: this is admittedly 
difficult ; it is like a river with many tortuous 
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windings but noble reaches. But his English, 
at its best, is the best English of the time. He 
is to be studied, not imitated; and the study 
should result in a disregard for the iteration of 
toil-worn phrases. ‘“‘ A writer,” he says, “ who 
is not servile and has insight must coin from 
his own mint.” 

Meredith’s Style. It has been very 
happily said of him that “he thinks in meta- 
phor,” which is precisely what the ruck of 
mankind does not do. Hence, it is not sur- 
prising that to the average reader the works 
of this great novelist should present grave 
difficulties of style. Curiously enough, we find 
his poetry presenting a clearness and grace of 
diction, a simple beauty of words, which is 
nearly always foreign to his prose manner. 
The late Ashcroft Noble observed with much 
truth that “his speaking voice is an affair of 
organisation ; his singing voice is the result 
of careful training.” In other words, Meredith 
the novelist tells his story in a manner natural 
to the man; but in his poetry the conscious 
artist, under the restraint of his medium, 
has to rid himself of the perpetual involutions 
of metaphorical thought which are natural to 
him and characterise his work in prose. 

Begin with ‘Richard Feverel.’’ 
There can be no question that tho best of 
Meredith’s novels to begin with is “‘ The Ordeal of 
Richard Feverel.” If we ask ‘“ What is edu- 
cation ?’’ we have here an answer equivalent 
to many debates in Parliament and many 
speeches on political platforms. We have 
education not merely described, but seen in 
action. If we ask ‘ What is love?” ‘ What 
assion ?”’ we have but to take up ‘ Richard 

everel ” to see these two dominating attributes 
of our common human nature set forth with o 
freshness, & vigour, & reverence, a sympathy, 
a feeling for external nature—with a knowledge, 
in short—unrivalled by any other writer of 
contemporary fiction. If we seek an example 
of the analysis of motive we cannot do better 
than study, and we shall be the better for 
studving, the dissection of Sir Willoughby 
Patterne in “The Egoist,” in modern fiction 
surely the most finished portrayal of any type 
of character, an “uncommon” character in 
which every reader will find some phase of his own 
self revealed to him. ‘ Beauchamp’s Career,” 
‘“‘ Diana of the Crossways,” and ‘“‘ The Adven- 
tures of Harry Richmond” are the best of 
Mr. Meredith's other novels ; “The Shaving of 
Shagpat’’ the most richly imaginative. To 
show that genius, if not always ‘‘ the art of taking 
pains,” does not despise drudgery, it may be 
sufficient to mention that for thirty years Mr. 
Meredith was literary reader to a well-known 
firm of publishers. 

Thomas Hardy. ‘If with Browning and 
Meredith we believe that 

‘*God’s in His heaven 
All’s right with the world!” 

a study of the novels of Taomas Harpy (b. 1840) 
will be a somewhat mixed pleasyre. Hardy, 
even more than Meredith, has great dramatic 
qualities. But Hardy's is the voice of the 


countryside—of the countryside that is far 
removed from town. To him the greenwood 
tree . te not merriment, but destiny ; 
a pair of blue eyes not heaven, but Fate. 


Life if a tragedy with a few interludes. The 
coast of Dorset might almost be the shores of 
old Armofica. Yet the philosophy of this 
Dorset seer is stern, not weeping. e words 
of religion are quoted freely in his novels, but 
in the spirit of the educated pagan. The 
peasants he introduces to us bslong to a part 
of England the exclusiveness of which is only 
now being broken into. Their ways and modes 
of thought are depicted with a realism that is 
pitiless, though the novelist lightens his narra- 
tives with many a flash of genuine humour. 
Hardy is a writer who must be approached with 
an understanding of his own environment, which 
is the environment of the characters of his novels. 
The student must gain the novelist’s point of 
view; then, even in the case of “Jude the 
Obscure,” in place of the repulsion that many 
might otherwise experience simple admiration 
of the writer’s art will be awakened. This art ix 
undoubtedly circumscribed, but it is great art, 
nevertheless. Every incident in the novels 
written by Thomas Hardy is calculated with 
unerring okill ; the movement is controlled from 
the outset with the deliberation of conscious art. 
The style is as direct as the plot ; its distinction 
is derived from its subject-matter. 

Hardy’s Best Novels. With Hardy, style 
without thought is mere vanity. ‘A writer's 
style,” he once wrote, “is according to his tem- 
perament ; and my impression is that if he has 
anything to say which is of value, and words 
to say it with, the style will come of itself.” 
Like Meredith, Hardy is a poet ; like him, again, he 
is scarcely a ‘‘ popular” author, though both have 
enjoyed in more recent years far more public 
favour than in the prime of their lives. We have 
said enough, perhaps, to show that he is an im- 
portant novelist for the student. His best 
works appeared in the following order: ‘“‘ Under 
the Greenwood Tree” (1872), “A Pair of 
Blue Eyes” (1873), “Far from the Madding 
Crowd ” (1874), ‘The Return of the Native ” 
(1878), “The Mayor of Casterbridge ’ (1886), 
“The Woodlanders” (1886-7), ‘‘ Tess of the 
D'Urbervilles” (his greatest novel, 1891), and 
* Jude the Obscure ” (1894-5). The reader would 
do well to take up his novels in this sequence ; 
but “Far from the Madding Crowd” may be 
mentioned as thoroughly representative of his art. 

The Test of a Novel. At this point, and 
touching “Far from the Madding Crowd,” we 
think it well to define more particularly than we 
have yet done the supreme quality of a good 
novel. We have in our previous study seen that 
the melodramatic story is one in which inci- 
dents are of first importance. Human nature, the 
facts of life, do not concern writers of thie class 
of fiction. Their chief stock-in-trade is the 
“thrilling situation.” ‘True, in life there are 
roar Menace as thrilling as any ever invented 
by the most ingenious sensation monger, but the 


difference lies in the fact that the great episodes 
of life, like the great rivers of the world, have 
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their source in little things, and convey no lesson 
to us unless we know something of the source 
from which they spring. In all works by 
masters of fiction it will be found that tho 
“supreme moments,” the crises which they 
describe, havo grown steadily, romorsclessly, 
fatefully out of the lives of their ‘“ dramatis 
persone,” and have not been invented morely 
to ‘‘thrill” or shock the reader. This does not 
mean that the supremo moment must come 
late in the story ; it may occur early in the narra- 
tive; but whon such is the case it will be found 
to dominate the entire book, to shape and colour 
everything that follows. 

The “Inevitable” Incident. lf the 
reader will turn to “Far from tho Madding 
Crowd,.” he will find that the fifth chapter contains 
one of the most tragic episodes in modern fiction, 
related in a simple, unaffected style, but coming 
like a peal of near thunder on a suinmer day, 
startling, portentous, “thrilling” if you will, 
but absolutely inevitable in the drama the 
novelist is unfolding. It tells how Gabriel Oak, 
the young farmer who is the hero of the story, 
has come within sight of his long-toiled-for suo- 
cons, and has thoughts of marriage, when, one 
night, he is reduced to ruin by tho misguided 
zeal of a sheep dog, which drives some two hun- 
dred of his flock, whose lambs have not yet come, 
into a chalk-pit. “‘ Tho sheep were not insured. 
All the savings of a frugal life had been rae 
at a blow. t was as remarkable an 
it was characteristic that tho one sentence he 
uttered was in thankfulness: ‘ Thank God 1 am 
not married! What would she have done in 
the poverty now coming upon me ?’” 

This tragic episode is described with porfect 
literary art and fidolity to life. It keys the whole 
story through the fifty odd chapters that follow. 
It exercises a mighty influence on the charactor 
of the hero and his relations with the other 
persons of the romance. It is essential to the 
story, woven into the web of it, impossible to 
be removed without ruin to the whole. That is 
what we mean when we ee of the incidents 
in the works of great novelists as being “ inevit- 

When the reader thoroughly appreciates 
this, he will have no difficulty in distin uishing 
between the novel of true character and drama 
and the novel of false charactor and melodrama. 


Kipling and Social Criticieam. One 
of the principal features in the fiction of our 
time is its note of social criticism, especially 
in regard to women. Mr. Rupyarp KIPLING 
(b. 1865), touched this note in “The Light 
that Failed”; but Kipling is to be found at 
his best in his short stories of Anyglo-Indian life, 
such as ‘‘ The Incarnation of Krishna Naa fe 
“'The Courting of Dinah Shadd,” “ The Man 
Who Was,” “ Without Benefit of Clergy,” “The 
Drums of the Fore and Aft,” and ‘ Georgio 
Porgic.” In his prose ax well as in his ballads 
he has depicted the Cockney soldier abroad with 
unerring insight and fidelity. His prose fiction 
is as worthy of serious study as that of any 
master of the near past. Whether his opinions 

lease or irritate us, we must acknowledge that 
be possesses an absolute individuality in his 
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style; that he is a “maker” and not a mere 
journeyman of letters. The clash of rival 
forces and the mystic spirit of the dreaming 
East have found reflection also in the work of 
Mrs. Fiona AnnteE Steep (b. 1847), particularly 
in “ On the Face of the Waters.”’ and the short 
‘stories published under the title of ‘In the 
Permanent Way.” The bitterness of outlook 
in the novels of Thomas Hardy is more than 
equalled in ‘“ The Story of an African Farm,” 
written by Mrs. Otrve ScnremnzeR when she 
was quite a girl, and her one book of real literary 
value; but even this bitterness is excelled 
by the revolt of “‘ The Gadfly,” by Mrs. Voywicu. 
Revolt, too, though of a more temperate 
kind is a characteristic of the novels— 
“‘ Marcella,” ‘The History of David Grieve,” 
and ‘Robert Elamere’—of Mrs. Humpury 
Warp (b. 1851), a granddaughter of Arnold of 
Rugby, and a writer whose work claims con- 
sideration with, as it is influenced by, that of 
George Eliot and Charlotte Bronté. Revolt 
again, with a more decided accentuation of the 
sex problem, is reverberant in “‘ The Heavenly 
Twins,’ by Mme. Saran Grann; “ The Open 
Question,” by C. E. Raimond (Miss E1izanetu 
Rosins); “ Keynotes,” by George Egerton 
(Mrs. GoupIna Bricut); and “The Yellow 
Aster,” by Mrs. Manntnaton Carryn—works 
noteworthy chiefly as representative of a passing 
phase of thoughts rather than of enduring value. 

The “Society” Novel. What is called 
tho “society novel” includes among its writers 
Mr. E. F. Benson (b. 1867), author of ‘“ Dodo” 
and ‘““Mammon & Co.”; Mr. F. C. Pures 
(b. 1849), author of “ As in a Louking-glass ” ; 
Mr. Percy Wuirs, author of “ Mr. Bailey- 
Martin,” ‘The West-End,’ and ‘“ Andria” ; 
“Benjamin Swift’ (Mr. Wiiuam Romaine 
Patrrson) (b. 1871), author of ‘‘ Nancy Noon ” 
and “‘ Ludus Amoris”’; Mr. Joun A. STKvART 
(b. 1861), author of “‘ Wine on the Lees”; Mr. 
Witiiam J. Locks (b. 1863), author of “ Dere- 
licts’’; Mr. Vincent Brown, author of “A 
Magdalen’s Husband”; Mr. Epwrn Puan (b. 
1874), author of “ Fruit of the Vine”; Mr. 
LEONARD MeEsrick (b. 1864), author of ‘‘ The 
Man Who Was Good,” and ‘ The Worlkdlings ”' ; 
“Quida”’ (Mile. de la RaMEE), author of 
“Moths” and ‘The Waters of Edera’’; Miss 
Braddon (Mrs. Joun MaxweE zt) (b. 1837), author 
of “ Lady Audley's Secret” ; Mr. W. B. Maxwe., 
a son of the Jast-mentioned writer, author of 
“Vivien,” ‘The Ragged Messenger,” and ‘The 
Guarded Flame,’ all works of distinction. 

Mr. H. G. WELis (b. 1866), in addition to 
writing a series of remarkable semi-scientific, 
half-sociological works, which have caused him 
to be compared to both Jules Verne and Herbert 
Spenoer, has in “ ae sarin a social satire 
of exceeding power. Miss VioLET Hunt, author 
of ‘A Hard Woman,” “‘ The Celebrity at Home,” 
and “Sooner or Later,” and Miss Bxratricr 
HARRADEN (b. 1864), author of “Ships that 
Pass in the Night ’ and “ Hilda Strafford,’’ are 
writers whose works are representative of the 
mingled satire and brilliant pessimism which is to 
be found in the books of many women novelists. 
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Realista and Others. Among those who 
have sought, somewhat after the method of 
the French school, to photograph humble life, 
may be cited Mr. ArruuR Morrison (b. 1863), 
author of “Tales of Streets”’¢ Mr. 
Grorcr Moors, author of ‘‘ Kether Waters,” 
and an acknowledged pupil of Zolag W1114M 
Somerser MavaHam (b. 1874), author of 
“°Liza of Lambeth”; and Mr. Ricnarp 
WHITEING (b. 1840), author of “ No. 5, John 
Street.” In “The Passport,” Mr. RicHarp 
Bagot (b. 1860) has written a brilliant exposure 
of Vatican intrigue; and religion and ethical 
questions are dealt with by Mr. Wittiam Huvp- 
RELL MaLioox, Dr. WituiamM Barry (b. 1849), 
Mark Rutherford (Mr. Witt1am Hate Waits), 
Mr. C. Ranaer Guus (b. 1876), and Mr. F. T. 
BULLEN (b. 1857). “ Questions of the day ” form 
the theme of such purely “ popular ” writers as 
Mr. Hatut Carne (b. 1853) and Miss Manis 
CorEvuti. Mr. Covtson KeErnaHAN (b. 1858) 
has achieved distinction in the department of 
allegory, and allegory may also claim “ The 
Garden of Allah,” by Mr. Ropgrt Hicuens (b. 
1864), who has also written in ‘The Woman 
with a Fan,” a striking novel of society life, and 
in ‘The Black Spaniel” touched the macabre 
vein, so distinctive of the work of Mr. ARTHUR 
MACHEN (b. 1863), author of “The House of 
Souls” and “ The Great God Pan.” 


Modern Romance. In the realm of 
historical romance, prominent places are 
claimed for Sir ARTHUR Conan DOYLE (b. 1859), 
author of ““The White Company ” and “ Uncle 
Bernac,” and the creator of “Sherlock 
Holmes”; Mr. StantEyY WeyMAN (b. 1855), 
author of “A Gentleman of France,” ‘‘ Under 
the Red Robe,” and “My Lady Rotha’’; Sir 
GILBERT PaRKEK (b. 1862), author of “ The 
Seats of the Mighty’’; Mr. ANTHONY Horr 
(Hawkins) (b. 1863), author of “ The Prisoner 
of Zenda” and “ Quisanté’’; Mr. Maurice 
HEWLETT (b. 1861), author of “The Queen’s 
Quair’’; Mr. S. Levetr-Yzats, author of “ The 
Chevalier d’Auriac””’ and “ Orrain”’; Mr. S. R. 
CROCKRETT (b. 1860), author of “ The Red Axe” 
and ‘The Raiders’’; Mr. BERNARD CapPss, 
author of ‘“‘ A Castle in Spain”; “ John Oliver 
Hobbes” (Mrs. Craiare) (b. 1867; d. 1906), 
whose tragic death occurred as these pages were 
being passed for press, author of “ A School for 
Saints ’”’ and “Robert Orange”; Mr. Forp 
Mappox Hu&FFer (b. 1873), author of ‘ The 
Fifth Queen’; ‘‘M. E. Francis” (Mrs. Frances 
BLUNDELL), author of “ Yeoman Fleetwood ”’ ; 
and Mr. F. Franxkrort Moors (b. 1855), author 
of ‘“‘The Jessamy Bride.” ce pure and 
simple and fascinating marks almost every book 
that has come from the pen of Mr. and Mrs. 
Easrton Castie, joint-authors of “ Young 
April ” and “‘ If Youth but Knew.” The quality 
of a rare humour distinguishes the stories of Mr. 
Jamrs MaTrHew Barrie (b. 1860), stories that 
stand quite by themselves, as “The Little 
Minister”? and “ The Little White Bird,” and 
the short sketches collected in “ A Window in 
Thrums ” and “‘ Auld Licht Idylls.”” The romance 
of adventure in Far Eastern seas has found in Mr. 


JoszrpH Conrad (joint-author with Mr. F. M. 
Hozrver of “ Romance”) a skilful interpreter. 
Mr. Lours Brcxs (b. 1848) transports the reader 
to the islands of the Southern Seas, as in ‘‘ Rod- 
man, *the Boatsteerer”; while Mr. R. B. 
CunnrneHaMe GRAHAM (b. 1852) has written with 
masterly t8uch of the romance of life in South 
America, asin “The Ipané.” Australian life is 
reflected in the books of ‘‘ Rolf Boldrewood ” 
(Mr. T. A. Browne) (b. 1826) and Mr. E. W. 
Hognvune (b. 1866), author of “The Rogue's 
March”’ and “A Bride from the Bush.”’ Mr. Max 
PEMBERTON (b. 1863) has won wide popularity 
by his novels of pure adventure, a vein also 
rofitably worked by Mr. C. J. Curcuirrg Hyne 
b. 1866). South Africa as a field of adventure 
has been exploited to some purpose in the highly- 
coloured pages of Mr. H. Riper Haaaarp 
(b. 1856), author of ‘“ King Solomon’s Mines,” 
“She,” “‘ Ayesha” (an old title revived), and 
“Stella Fregelius.” The roving spirit is well 
expressed in the work of Mr. Morntey Roserts 
(b. 1857). Mention must also be made of the 
fine works of Mr. A. T. QurLLEeR-Covcn (b. 1863), 
author of “ Troy Town,” “ The Splendid Spur,” 
and “The Ship of Stars”; Mr. TrroporE 
Wartts-Dunton, author of “ Aylwin’; Mr. 
CHARLES Marnziotr (b. 1869), author of ‘ The 
Column” and ‘Genevra”’; Mr. A. E. W. 
Mason (b. 1867), author of ‘“ The Courtship of 
Morrice Buckler” and ‘‘ The Four Feathers ”’ ; 
Mr. JOHN OXENuHAaM, author of “ John of Geri- 
sau’”’ and “ Barbe of Grand Bayou ” ; Mr. R. H. 
BENSON, author of “ The King’s Achievement ”’ ; 
and Mr. W. H. Hupson. There is also much to 
admire in the writings of the Rev. S. Barino- 
GouLp (b. 1834), whose ‘‘ Mehalah” has been 
widely read ; Mr. Neiz Munro (b. 1864), author 
of “John Splendid”; Mr. Davip Srorrar 
Me.prum (b. 1865), author of ‘‘The Story of 
Margrédel”’; “Zack” (Miss GWENDOLINE 
Kats); Davip Curistre Murray (b. 1847), 
who has narrowly missed the first rank; Mr. 
W. E. Norris, author of “Giles Ingilby” ; 
Mr. ALFRED OLuivant (b. 1874), author of 
“Owd Bob” and “Danny”; Mr. Even 
PHILirotts (b. 1862), author of “‘ Children of the 
Mist” and “ The Secret Woman”; Mr. Ha.u- 
WELL SurcuiFFe (b. 1870), author of “ Ricroft 
of Withens ” and “ Through Sorrow’s Cates,” a 
writer who comes close to Hardy in every respect 
except that of humour; Mr. W. C. CLARK 
Russexx (b. 1844), author of “ The Wreck of the 
Grosvenor”; Mr. Rosert Barr (b. 1850), 
author of ‘The Countess Tekla’’; Mr. Laur- 
ENCE Housman (b. 1867), author of ‘“ An 
Englishwoman’s Love Letters’ and ‘‘ A Modern 
Anteus ;” Mr. IsrarL ZaNawiLt (b. 1864), 
author of “Children of the Ghetto”; and 
Mr. Louis ZaNoawit1 (b. 1869). 

Humour has admirable representatives in 
“F. Anstey” (Mr. F. A. Gutiiz), Mr. 
W. W. Jacons (b. 1863), Mr. Barry Pain, and 
Mr. W. Perr Riper. Mention must also be made 
of the success of Mr. Josrru Harron (b. 1840); 
while Mr. Jznomx K. Jzzome (b. 1859) has proved 
himeelf a novelist of great power and insight. 


LITSBRATURE 


Some Prominent Women Novelists. 
‘Lucas Malet” (Mrs. Many St. Leazr Harri- 
80N) in “ The History of Sir Richard Calmady "’ 
made & reputation for power at the expense of 
more admirable qualities, but the book will not 
readily be forgotten. Other prominent women 
writers are Miss Ruyopa Brovanton (b. 1840), 
author of “Cometh up as a Flower”; Mrs. 
KatTHarins Tynan Hinxson (b. 1861); Miss 
JANE BaRtow, author of “ Irish Idylls” ; Miss 
M. BurnamM-Epwarps, author of ‘ Dr. Jacob”’ ; 
Miss MARY CHOLMONDBLY, author of ‘“ Red 
Pottage’’; Miss Una L. SILBERRAD (b. 1872), 
author of “‘ The Wedding of the Lady of Lovell” ; 
Miss May Srnouarr, author of “ Divine Fire ” ; 
** Maxwell Gray ” (Miss M. G. Tutrizrt), author 
of **The Silence of Doan Maitland” ; Miss E. 
T. Fowler (Mrs. A. L. Fsuxin), author of 
“Concerning Isabel Carnaby”; “Sidney C. 
Crier ”’ (Miss Greaa) (b. 1868), author of ‘* Liko 
Another Helen”; Mra. W. K. Cuirrorp; 
Rita’ (Mrs. W. Desmonp Humpureys) ; Mrs. 
L. B. Waurorp (b. 1845), author of “ The 
Mischief of Monica’; Miss Heten Marurrs 
(b. 1853), author of “ Comin’ Through the 
Rye”; Mrs. Katuartne 8. Macquorp; Mrs. 
CAMPBELL-PRAED (b. 1852), and Mrs. THURSTON, 
author of “ John Chilcote, M.P.”’ 

The Literary Life. With this vory 
brief glance at the more noteworthy novelists 
of the day, each of whom has writton 
at least one, and many of them several 
books well worth reading, we have arrived 
at the end of our study of English prose 
fiction, and, indeed, within sight of the 
ond of this course in English Literature, for 
what ix to follow is merely in the shape of 
appendices, in which we shall endeavour to give 
in the briefest outline some courses of reading 
in classical, foreign, and American literature. 
Moat of the other courses in the Seur-Knucator 
are con¢erned with the direct application of 
knowledge to the daily conduct of life and 
business. This course in Literaturo has bheon 
designed chiefly for the general reader, that 
it might aid him to the intelligent study of 
our great writers and those writers who, though 
falling short of greatness, have still something 
to tell that will add in some measure to his 
intellectual enjoyment. The carcer of the pro- 
fessional man of letters is in some ways the 
noblest and the most attractive of all, but the 
way to it lies through much tribulation, and ia not 
lightly to be entered upon, unless the aspirant 
has as clear a “call” for the work as the candi- 
date for the pulpit is supposed to havo. We 
have made it no part of our business to indicate 
to the literary aspirant what his course of action 
should be, but in the course on Journalism, 
which immediately follows that on Literature, 
the aspirant will find how the door may be opened 
that leads to success in literature, For it is worthy 
of note that by far the largest number of authors 
whose names are familiar to the reading public 
have made their way to reputations in literature by 
entering the world of letters through the humbler 


but more easily opened door of journalism. 
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THE WORKING OF COAL 


MINING 
9 Underground Roads, Different Methods of Dislodging and Removing 
Continued from Coal from its Bed, Machines in Modern Coal Mining Practice 


By D. A. LOUIS 


"THE first pomt to consider is the support of 

the shaft and the building and machinery 
on the surface, for whatever 1s taken out 
below will leave a space mto which the roof 
will sink, and so m succession all the overlying 
strata, and presently the surface; moreover, 
should the shaft come within the sphere 
of influence all sorts of trouble would ensue 
Therefore, a block of mineral around the shafts 
18 left mtact, except for the roads driven 
through it It 1s known as the shaft pillar, nndh- 
cated at the bottom of 88 and 90 and at the 
top of 89 It 1s usually rectangular, with the sides 
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85 A COAL-FACE, WII TUB, PROPS, AND GOAF 


measuring from two thirds to the whole depth of 
the shaft , thm scams require smaller shaft pillars 
than thicker ones, and shallow seams lesssupport 
than deeper ones When once the extent of the 
shaft pillar 1s decided the method of workmg 1s 
tLe next question that arises, whether longwall or 
pillar ae stall methods will be «mployed 
Longwall Working. The longwall 1s the 
simpler method, and, conditions bemg favourable, 
1s usually adopted Gallerios to form the main 
roads are driven m pairs for the sake of ventila 
tion One road serves for the fresh air to 
travel along, and » known as the :nfake 
atr way, while the other serves for the 
air that has traversed the mine to reach 
the upcast shaft, and 1s known as tho 
return atr-way When these roads have 
passed through the shaft pillar—and long- 
wall advancing 1s the method of working 
followed—the extraction of the coal may 
commence at once A passage way 1s cut 
in the coal, right and left from the mam 
roads, the coal bemg loaded in the tubs and 
taken away, while timber posts or props, 
and sometimes chocks as well—the small 
squares on figure 86 indicate chocks —are 
i to support the roof The tramlines 
are laid along this passage, so that the tubs 
or little waggons can be brought nght up 
to tho exposed surface of coal, called the 
face An arrangement at a longwall face is 
shown in elevation m 85 and in plan in 86 
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The coal 1s then out away in shees Todo this, 
the miners hole or undercut the coal —that 1, 
make a long, narrow cut in a convenient position 
—with picks, all along the face, et ea It as 
the cut deepens by short props called sprags , 
and frequently the coal 1s farther supported by 
a horizontal timber held in position by a prop 
below, and another jammed against the roof; 1t 
18 known as a coker meg Undercutting by hand 
w% illustrated in 87, and shows the method of 
cuttmg in the middle of a seam When the cut 
18 sufficiently deep, and taken far enough along 
the face, a vertical cut 1s made, necking, to 
loosen the undercut coal from the 
adjoiming mass; then the sprags are 
withdrawn, and if the coal does not 
fall down of its own account, it 18 
brought down by wedging or blasting 
The coal 18 loaded mto the tubs and 
2 trammed away, and another row of 
props 1s put up between the firat row and 
thenewface Any waste brought down 
with the coal 1s packed up behind the 
minera, in the space from which the 
coal has been removed, making rough 
sorts of walls, which support the roof 
to some extent This waste area 1s known as the 
gob or goaf, and the piles of rock as goat packs 
Two rows of props are always kept behind the 
miner, but when the third row of props 18 put in, 
the hindermost props are drawn out and used 
again, the roof then sinks on the goaf packs 
So the order of operations at the face 1s under 
cutting, spragging nicking, withdrawing sprags, 
bringing down coal, loading it up, trammimng it 
away building up packs, settimg up fresh props, 
advancing tramlines to new face, and with- 
drawing back props In course of time the 
roof fall» and loosely fills the goaf Special 
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86 A LONGWALL FACE 


precautions have to be observed when drawing 


props. 

adetsrouna Roads. It is obviously 
useless to attempt to work a long face of coal 
witle only one connection with the main road, 
as the back waggons would always be 
delayed®by those in front, and vice verad ; 
therefore, the face is divided into convenient 
lengths called stalls, each stall being served 
by a road called a stall road, which is kept 
open in the goaf by means of walls built of the 
rubbish, called park walls or packs, and those 
stall roads run into other roads known as levels 
or gates, branching obliquely from each side of 
the main road ; they should not, however, start 
opposite each other. The levels are also made in 
the goaf. All roads in the goaf are troublesome 
to keep open; therefore, as the face advances, 
new levels are started to intersect the stall roads, 
so that the latter are kept as short as possible, 
inasmuch as that portion of cach stall road 
behind the 
new level is 
abandoned, 
and conse- 
quently ceases 
to require at- 
tention. For 


the same 
reason, AYyB- 
tems of inter- 


mediate roads 
are frequently 
‘introduced to 
shorten the 
tes or levels. 
the diagram | 
satya 
ongwall work- 
ing shown [88] 
the gates and 
Jevels are 
taken right to 
the coal face. 
The con- 
tinuous lines 
show the roads 
still in use; the dotted lines, those abandoned 
in the goaf. 

The direction that is given to the face is deter- 
mined by convenience or by selection, and where 
the cleavage or cleat of the coal is strongly 
marked, the coal is worked more easily with the 
face running parallel to the cleavage planes, 0", as 
it is called, on bord ; but more coal in large pieces, 
or round coal,is obtained where the coal advances 
at right a ie to the cleat, or on end. When the 
coal is worked at an angle of 45 deg, that is, be- 
tween on bord and on end—it is said to be worked 
on the cross. The most expedient practice should 
be adopted, hence it happens that the longwall 
face is by no means always a long continuous 
face, but various kinds of sectional or stepped 
faces are introduced to meet special conditions. 
The step face in an inclined seam really resembles 
stope in vein mining. 

Longwalli Retreating. Longwall retreat- 
ing is another modification of longwall. in 








87. HAND HOLING IN THE MIDDLE OF A FACE (Photo by H. W. Hughes, Dudley) 


this practice, main roads and gates are driven to 
the boundary, and the coal is worked back to the 
shaft. In this way the goaf is left behind, and no 
roads have to be maintained in it. Fig. 80 illus- 
trates this method of working. The main roads 
are driven to the boundary of a panel, thon two 
sets of headings, AA, BB, are cut, and then tho 
connecting roads ; ultimately the remaining coal 
is worked back in stepped faces, as indicated ; the 
shading shows the part already worked out. 

It will be observed that in longwall retreating 
the mass of coal is really divided up into solid 
blocks, with roadways separating thom, and 
approaches slightly to the next method of 
working coal to be considered. 

Pillar and Stall. The mcthod known as 
pillar and etall, post and stall, bord and pillar, 
or stoop and room, as it is called in Scotland, 
is adopted when the conditions are not suit- 
able for longwall working. In it the coal is 
removed in two stages, the first stage known as 
working in the 
whole, and the 
second stage 
as working in 
the broken. In 
the first stage, 
the coal is 
divided into 
rectangular 
blocks, or 
pillars, by 
roads driven 
at right angles 
to each other, 
but _—leavi 
sufficient coa 
on cach side 
to protect the 
main = roads. 
The roads 
driven parallel 
to the cleavage 
of the coal 
are known as 
walls, and 
those = driven 
at right angles to this cleavage as bords. The 
bords are driven 4 yd. or 5 yd. wide, and the 
walls 2yd.to 5 yd. wido, while pillars 40 yd.. 
50 yd., 60 yd., and more square are left, or some- 
times the bord side is made longer than the wall 
side. The rvof is allowed to fall in these vacated 
spaces. Some 30 to 35 per cent. of the coal ix 
taken in the whole working. Small pillars are 
undesirable, because they themselves may get 
crushed if roof and floor are hard ; whereas, if 
the floor be soft, such pillars press in the floor 
and cause it to work up in the bords and work- 
ings, producing what is called creep, which dis- 
locates all arrangements. Fig. 90 is a diagram of 
one form of this method of working. The dia- 
gonal lines indicate the worked-out portion and 
pillars partially robbed, as the case may be. 

Working in the Broken. Working in 
the broken or robbing the pillars is the opera- 
tion of the removal of the coal left as pone 
by the working in tho whole, and this is 
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88. LONGWALL ADVANCING 


done in a systematic manner by various 
methods. In one of these, places, called 
skirlings, are driven from the tramway roads 
arallel with the wall, and the lines are 
aid along these, then another place in driven 
in each pillar parallel to and along- 
side the bord. This drivage is known 
as a jenkin, and is carried the full 
length of the pillar; then the coal 
is worked away in slices called lifts 
or juds, the tram rails ia poe 
up the jenkin and to the face. To 
support the roof while the work is 
going on, props are used, or even 
props laid horizontally across one 
another to make a square pile, 
known as chocks. Several pillars 
are attacked at the same time, each 
pillar lagging a jud behind the pre- 
ceding one, so that the work pro- 
ceeds in step fashion. In this way 
the pressure of the roof is more 
equally distributed and the crush- 
ing of pillars is largely prevented. 
Another mode of robbeng the pillars is to drive 
he lifts from the bord and 
they meet, and then to take 
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simultaneously 
the wall until 


90. PILLAR AND STALL 
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successive parallel lifts until the 
whole pillar is removed. This is 
shown in the figure; the numerals 
a the order of taking the 
ifta. e 


Modified Methods. There are 
many modifications of plllar-and- 
stall. The Lancashire method is 
one well suited to inclined seams ; 
the two main roads fzom the shaft 
are driven down on the dip or to the 
deep, and levels 30 yd. apart are 
driven from them to the boundary, 
each pair of levels being kept about 
200 yd. apart, leaving the coal solid 
between them. On reaching the 
boundary two sets of levels are 
connected by a road, and the coal 
between is divided up into pillars 
by a series of drivages intersecting at right 
angles. The pillars are not all formed at once, 
but are gradually formed while the pillars 
already formed are being worked away, the 
step mode of procedure being again followed. 
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89. LONGWALL RETREATING 


Tt will be noticed that this method resembles 
very closely the longwall retreating, and par- 
takes of the characters of both longwall and 
pillar and stall. 
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District or Panel Working. 
This is a method of dividing a col- 
liery into panels or dtstricts, each of 
some 30 or 4() acres extent, and 
surrounded on all sides by a wall or 
barrier of untouched coal, which is 
holed through only at the points 
where the roads pass. Panel 
working is particularly advan- 
tageous with a tender roof and 
soft floor, for as only a small area 
of the seam is opened at a time, 
the roof does not weight so badly 
nor require so much timber. 
More round, coal is produced ; 
creep is prevented or restricted to 
the panel in which it arises, while 
the risk of explosion is decreased, 
because the gases given off in the 
district are not carried into the 
next, but pass direct to the return 
air-way, and should an explosion 


occur, it will most § 
likely be confined to 
a limited area. There- 
fore, fewer men will 
be infured or directly 
affected by it, and 
more men faved. More- 
over, as each district 
receives ite own supply 
of fresh air, the at- 
mospheric conditions 
throughout are far 
better for the men, 
and as the distance 
travelled by each cur- 
rent is shorter, even 
the last working-place 
of a district is more 
healthful than when 
panel working is not 
in vogue. In fact, if 
anything happen in 
one district, instead 
of inconveniencing the 
whole mine, as it 
might do under ordi- 
Nary = circumstances, 
usually only the district concerned is deranged. 

Machinery at the Coal Face. Heading 
machines have for some time been used for 
driving the various roads in cullieries. The 
generally operate by cutting ao groove alt 
round the tace of stone or coal, leaving a 
block loose to be broken down and taken away 
by machinery or otherwise. A characteristic 
machine for this work is the Stanley heading 
machine. In it the cutters for making the 
groove are attached to the ends of two long 
arms, which are bolted at the other ends to a 
we Cates this is mounted on a shaft that 
can revolved by engines, the whole being 
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92. BLOCK OF COAL DISLODGED BY DISC COAL-CUTTING MACHINE 


91. DISC COAL-CUTTING MACHIN® 









Senne ores nem ena 





carried on a frame upon wheels, The arms 
revolve, and are kept to their work by a scrow 
feed, and so cut the groove ; they can cut about 
a yard an hour. 


Holing or Undercutting by Machinery. 
We have seen that whether the holing is 
done at the bottom of the coal face or in the 
middic it looks an equally unpleasant ocou- 
pation. Moreover, it will also be seen by 
reference to 87, that a very large amount 
of coal has to be cut away in order to 
give the hewor room to work. Now all this 
coal is broken up into small pieces and mostly 
lost. These are two obvious reasons for the use 
——o wm Of coal cutting machines, but 
the advantages are numerous, 
and may be stated as follows : 
greater sufety for the muncr, 
reduced wages per ton, greater 
output per man underground, 
better quality of output, some- 
times fewer explosives per 
ton, more regular = timber- 
ing, easier control of roof, 
easicr ventilation of straight 
faces, and more compact dia- 
tricts, shorter working-faces, 
more rapid advance of face, 
more even subsidence of over- 
lying strata, less dead work 
and muintenance of roads, 
enforcement of —aystematic 
methods, lower cost of in- 
spection, etc. When holing 
under coal, more headroom is 
provided for filling, seams too 
thin for hand mining are 
workable at o profit, reduced 
charges per ton for housin 
and for insurance are achieved, 
and seasonal demands or 
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Ree te 
periods of brisk trade can be more readily 


res to. 

e features to be desired in a coal-cutting 
machine are: s of structure and work- 
ing parte, durability, convenience of operation, 
protection of working parta, sufficiency of bearing 
surfaces, freedom of access to working parte, 
amount of small coal produced, adaptability to 
different conditions, simplicity of cutter 
picks and convenience of changing 
them, the amount of dust and noise 
made in working, interchangeability of 
parts, and amount of power required 
to operate. And almost every machine 
invented claims advantages in these 
and other desirable respects. 

The object to be achieved is, of 
course, to out a horizontal groove of 
adequate depth, from 2 ft.9 in. to 7 ft. 
apcording to circumstances, in or be- 
neath the coal. This is done by means 
of cutters which are brought into con- 
tact with the coal or rock and are 
made to travel with sufhcient speed to abraid 
the coal and so to cut the groove. For this 

urpore the cutters are set in various fashions 
in different machines, for instance, round 
the rim of a wheel, making a sort of circular 
saw; in the links of a chain, making a sort 
of band saw; or sprrally on a bar. Then 
two machines of the rock-drill class arc also 
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93. SINGLE CUTTER 
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a pulley attached to a prop, set in advance, and 
thence back to the me, so that, as the rope 
is wound on the machine by means of 
turning the drum, the machine itself is pulled 
alo. e 

In chain coal cutters, a travelling chain carry- 
ing cutters replaces the disc, otherwise the cut 
made ia similar. With bar cutters, however, the 
action is different, pe 94 ast the 
working parts of an electrically driven 
bar coal cutter. Fig. 98 a single 
cutter. 

The Pick-Quick Electric Coal Cutter 
[94] consists essentially of five parts: 
the cuéter-bar (AB), the gear head 
(LMNO), the motor (S), the switch box 
(T), and hauling gear (WX). 

The cuéter bar is of nickel steel and 
tapered, and is provided with cutters 
[A] arranged spirally and a spiral 
thread [B] to act as a worm con- 
veyor for bringing out the cutting. 
The gear head encloses the main gear- 
ing, which consists of a pinion on the mortar 
shaft which drives a double bevel wheel, which, 
in turn, drives the cutter bar pinion, with a reduc- 
tion of 2to 1. The motor may be either direct 
current or alternating current, and the switches 
and resistance are enc) in a flame-tight 
cast-iron box. The haulaye gear is also worked 
from the motor, and the rate is adjustable. 
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94. WORKINU PARTS OF ELECTRICALLY-DRIVEN BAR COAL-CUTTER 


used for holing. There aro a few mechanical 
points that are common to all types. For 
instanoe, they comprise engines usually worked 
by compressed air or vel G with gearing to 
ret the cutters in motion. They are mounted 
on skids, or rollers, or flanged wheels runnin 
on rails, and most of them are provided wit 
an adjustable hauling arrangement by which 
they can pull themselves along the front of 
the coal face at any 
rate required. 

The illustrations [91 
and 92] will convey a 
very good notion of the 
working of a dtse coal- 
culting machine. The 
former figure shows the 
cutter just en the coal face, and the latter 
shows the = b ~ of coal esr om come 
awa clearly. e arrangement for movin 
ibs sachiae along (ie tane ocnante of « ighveteal 
rope passing from a drum on the machine round 
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95. MULTIPLE WEDGE 


The machine can be adjusted to hole at any 
height from floor level upwards, and can be 
mounted on track wheels, flat tread wheels, 
or skids, and can be fitted or work its way 
back. There are, also, compressed air bar 
cutters. 

Dislodging Mineral without Explo- 
sivesa. At times, explosives are inadmissible 
or inexpedient ; hence, vanous other means 
have been introduced 
to get the stubborn 
holed mineral in which 
boreholes have been 
made. Cartridges 
made of lime have been 
used. Several of them 
are placed in the hole, 
and are then treated with water; they expand, 
and so force down the coal ; but these only act in 
certain classes of coal. By far the most frequent 
substitutes for explosives, however, are 


of different kinds—wedges with feathers, wedges 


with roller bearings and 
" wedges 


feathers, hydraulic 
and multiple wedges are 
examples. In the case of 


the multiple wedge 
feathers ere first p 
ede the split-wedge is 

iven between them as 
shown (B), and if necessary 
a third wedge is driven be- 
tween the halves of the aplit- 
wedge ; C shows this and the 
effect on the surrounding 
coal. 

Conveyers at the 
Coal. Face. With the ad- 
vent of the cutter, occasion 
has arisen to expedite the 
removal! of the fallen stuff 
from the face to the main 
roads, and recently conveyers } 
have bven introduced for the 97 
purpose. They are erected on 
movable supports along the whole length of the 
face ; the coal is easily loaded on to them, and 
is at once run away to be deposited into tubs 
waiting at the end of the conveyer, thus ob- 
viating the toilaome functions of the putter or 
the man who manipulates the tubs at the face. 
The conveyer is easily kept up to the face. 

Improved Timbering. In various 
figures it has been shown, or it has been men- 
tioned, that timber props, timber bars, and 
timber chocks or cogs are very general! 
used to support the roof in coal mines muc 
in the same way as in metal mines. But it 
will be seen that the traffic is considerably 
areater in coal mines than in metal mines, and 
the main roads are generally correspondingly 
larger; moreover, many roads in coal mines 
have to be maintained in ground filled only 
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- ELECTRIC LOCOMOTIVE WITH LOAD 


with rubbish. Now, any disturbance of a 
main road means dislocation of the whole 
area concerned, which is very acrious nowadays, 
when work must be done expeditiously to be 
remunerative ; moreover, one of the mort 
fertile sources of accidents injurious to the 
men is the falling of the roof. Hence it has 
become customary in many collierios to replace 
timber supports by atecl ones. We have already 
referred to such substitution in the case of 
metal mining, and now show an application of 
this improvement to coal mining. Various 
practices have been introduced ; the one now 
illustrated is that followed by Measra, William 
Firth, Ltd., of Leeds. Fig. 96 shows steel 
bors set at a coal face with wooden caps 

eso props are made from ordinary = stcel 
girders of section by cutting a piece out of 
the web at each end and turning over the top 
and bottom flanges until they mect and make 
a flat. top and bottom that will not cut into 
the roof or floor or lid. Steel girders are fre- 
quently used in a coal mine road; they are not 
only stronger than tamber bars, but they bend 
under great pressure, and so give warmng of 
the settlement of the roof. Then when bent 
they can be uned again with the convexity 
upwards or clse be straightened and used 
again. 

Special Timbering. A word may bw 
said here, whieh would also apply to vein 
mining, in reference to driving through loose 
ground, by what ws known ux apillng or apiling, 
and which consists in supporting the weak parts, 
roof, sides, or floor by driving poles or boards 
over the last set of timber, 5 ft. or 6 ft. in advance, 
and supporting them by a temporary net of 
timber until they are far enough advanced two 
permit of fixing a permanent set, the ground 
being excavated the while to farcilitaue the 
passage of the boards. We shall now turn our 
attention to the means employed for getting 
the broken material from the place where 
it is deposited to the place where it im 
required. 

3565 


Transport Underground. We have 
seen that in metal mines the usual practice is 
to run the broken material in single tram 
waggonloads by hand to the shaft, and the same 
practice is in vogue for conveying tubs of 
coal from the face to the nearest: main road. 
But on these latter roads the tuba travel in 
trains, and either horse or mechanical haulage 
is employed. This is also done in many metal 
mines when the galleries are very long or when 
the waggons are run in trains. The use of 
ponies was formerly the general method ; and 
such practice is still much followed. When, 
however, power is available, locomotives 
driven by compressed air or electricity may 
be found hauling trains of tubs in many 
mines the world over Fig. 97 shows this 
mode of aaa Waly But in most collierns 
traction of a less intermittent character 1s 
proferred ; that is, an arrangement that can be 
always available to take in the tubs just as 
quickly as they are brought along from the fac. 

Self- acting In» 


cline. A favourite 
method, when the 
material has to be 


brought from a higher 
to a lower level—one, 
too, that is equally ap- 
plicable above ground 
—is the self-acting in- 
cline. In this practice 
the load tubs in their 
forward progress are 
caused to haul up the 
empty ones on their 
pes le the working face 
to be refilled. And this 
is effected by having a 
wheel or drum fixed at 
the top of the incline 
round which a rope 
passes. To one end of 
this rope the full tub,or — gg. 
train of tubs, ws attached, 
and to the other end 
the ompties. The wheel is provided with a 
brake, so as to control the speed. and the 
inchne aw best made steep at the top and flat at 
the bottom, ta enable the load to start quickly 
and to be easily stopped. Fig. 98 1s a view of 
the self-acting incline above ground. 
Singleerope Haulage. When, however, 
the material has to be drawn up an incline, 
what is known as atngle-rope haulage may be 
employed. A drum and engine are provided at 
the head of the incline ; the former is furnished 
with a good brake, and can be thrown out of gear 
with the engine. This takes place when a train 
of empty tubs is lowered, for they are run down 
on the brake, and take the rope with them. 
When they reach the bottom, the rope 1s changed 
from the empty to the full train, the drum 
thrown into , the engines started, and the full 
tubs are hauled to the upper level when required. 
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SELF ACTING INOLINE FOR BRINGING ORE 


TO A STATION 


Main-and-tail Rope Haulage. When, 
however, the levels of the road are irregular, or 
the incline is not steep enough for the empty 
tubs to run in-bye and draw the rope with them, 
then what is known as main-and-tau rope haulage 
is often adopted. There are two ropes. e 
heavier, or pea fe the jursi of the 

ine plane Or and, passing from the engine, 
ger to the front of the full train, and 
hauls it to the pit bottom ; it is then transferred. 
to the rear of the empty train, and follows it 
in-bye. The lighter, or tail rope, is twice the 
length of the engine plane, und pasees round a 
pulley at the in-bye end. It is attached to the 
front of the empty train on the in-bye journey, 
and to the rear of tho full train on the out-bye 
trip. The haulage engine in this case has a 
drum for cach rope, either of which can be 
thrown in or out of gear as required, and each 18 
provided with its own brake. 

Endless Rope Haulage. =In_ this 
system an endless rope extends from one end of 
the road to the other. 
passing round a return 
wheel at the in-bye end. 
The rope 1s kept tra- 
velling slowly by an 
engine placed at the 
surface or underground ; 
in the former case the 
ropes are taken down 
the shaft. The tubs are 
hung to the rope either 
singly or in sets, and the 
rope may travel above or 
below them. There are 
many ways of attaching 
the tubs to the rope. 
A common and simple 
means 1n_ over-haulage 
1 known as the S-clep. 
It 1s a clamp of round 
iron, bent to a double 
U, and pivoted at the 
centre of the tub. It 
grips the rope a short 
distance away along a line which 1s not over the 
centre of the track; hence, there is a shght 
side pull, and sufficient gmp to move the tub 
along witheut domg the rope much harm. 
Lashing chains may also be used in this case, 
but in under-haulage a clip must be used to gri 
the rope, and Fisher's clip 1s an example of suc 
an applicance. It consists of a hook, which is 
hung to the draw-bar of the tub, and hinged 
jaws, with a recess, to hold the rope; a sliding 
collar serves to lock the jaws, and the tub is 
released by knocking up this collar. Endless 
rope haulage requires in addition, driving pulleys. 
tightening pulleys, or other means of taking up 
slack ; guiding pl and rollers ; frequently, 
too, automatic detachers are introduced for re- 
leasing the tube at the end of the journey. In 
some few cases an endless chain is used for 


haulage. 
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By J. F. G. PRICE 


"THE student has already been introduced to 

the subject of tabular bookkeeping, although 
it has not hitherto been referred to y that name. 
Specimens of books kept on the tabular system 
were given in the petty cash book on page 403, 
the -three-column cash book on page 779, and 
the columnar purchases book shown in the pre- 
vious article. The leading principle which those 
books were designed to illustrate is that items 
of a similar nature are capable of classification in 
the books of firat entry, and that such classifica- 
tion has the effect of shortening the work of 
making the final entries in the ledgers of the 
concern. The principle is capable of consider- 
able expansion in many directions in various 
businesses and institutions. 

Tabular Cash Book. Dealing with the 
cash book first, it may be pointed out that this 
is the most important book in such institutions as 
charities and hospitals where, if a suitable form 
of cash book 16 prepared and the book carefully 
kept, there is frequently no need for any turther 
financial record, ag it is a simple matter to 
prepare a summary of the cash book at any time, 
showing the position of the institution As no 
trading 14 carried on, no profit and loss account is 
necessary, the viii account required by, 
and submitted to, the board of management 
being an account of recerpts and payments, with 
a statement of outstanding habilties to date 
The latter can easily be prepared from the file 
of unpaid accounts, and if that is sell up to date 
the combined cash summary and hahnilities state- 
ment should be all that is required 

The reason that the tabular system 1s so suit 
able for these imstitutions is that all their re- 
ecipts and payments fall under a few well-defined 
heads. For instance, the receipts of a hospital 
const of subscriptions, donations, patients’ 
payments, legacies, and income from invest- 
ments and properties. Many of them also 
receive grant- from King Edward’« Hospital 
Fund and trom the Hospital Sunday and Satur- 
day Funds. The receipts side of the cash book 
might therefore be ruled with columns providing 
for each of these classes of income, further 
columns bemg added for items of miscellaneous 
receipts and for the total. The payments will 
consist of the salaries and wages of the medical, 
nursing, and clerical staff, rent. rates and taxes, 
tradesmen’s accounts, drugs and appliances, 
repairs, and miscellaneous expenses = (Columns 
would be provided for each head of expenditure 
and for the total. 

Advantage of Classification. In the 
case of the large London hospitals, such a 
book as this would, of course, not be sufficient 
to record all the financial transactions ; but 
even im their cases, such a cash book is of the 


utmost value in curtailing the clerical work, 
inasmuch as it classifies the items, and cnablos 
the postings to the general Jedgor to be made 
in total monthly. The accounts to which tho 
receipts are posted are not, of course, the per- 
sonal accounts of the donors, aubscribera, ete, 
but nominal accounts for subscriptions, dona- 
tions, or as the case may be. 

In trading concerns, besides the three usual 
columns for discount, cash, and bank, it is very 
uscful to have on the debit side a column for 
recording all receipts in reapect of cash sales ; 
and on the credit side, a similar column for cash 
purchases, as the necessity for posting such 
items im detail to the purchases and «alos 
accounts is thereby obviated, all that in required 
being that the totals of the columna should be 
posted at the end of each week or other suitable 
pee Further, in dealing with the system of nelf- 
miancing ledgers, we saw that unless separate 
cash books were kept for each ledger, columns 


swere necessary on each side of the cash book 


to record recerpts and payments relating to 
accounts in the respective ledgers. The student, 
therefore, perhaps unconsciously, has gradually 
been beeommyg acquainted with the tabular 
system in relation to the cash book. A form 
of tabular purchases and sales book was shown 
and explained in detail in the previous article, 
and need not consequently be further dealt 
with now. 

Tabular Ledgers. ‘Vhis brings us to 
the subject of tabular Jedgers, the methed of 
using which may not at once he apparent to the 
reader. Probably the greatest use of such a 
ledger in trading concerns 14 made in hotela where, 
in large extablshments, there would be thousands 
of personal accounts in the course of @ year. The 
charges to visitors consist of items of the same 
kind day after day, and it would manifestly be 
impracticable to hive ledger accounts for the 
visitors on the usual lines, debiting them daily, 
and crediting the various accounts of the articles 
supplied, such as apartmonts, provisions, wines, 
etc, The staff required to keep books on such 
principles in a large hotel would be almost equal 
to that required to run the concern, and would 
not even then be such as to satinfy the require. 
ments of the proprietor. ‘To meet this difficulty, 
a form of book has been devised known as the 
Vestora’ Ledger, which saves a considerable 
amount of labour, and yet gives all the mforma- 
tion required for the general accounts of the bus- 
ness. An abridged form of such a ledger is shown 
on the next page. The entries in it are made 
either direct from slips supplied by waiters and 
other servants of the hotel, showing the charges 
to he made against each visitor, or from a day 
bouk in which the slips have first been recorded. 
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The entries in this ledger. require little farther 
explanation than they furnish in themselves. A 
page of the book, or more, if necessary, is set 
apart for each day. The charges againg each 
visitor are entered in the manner already 
mentioned, and cross-cast into the giaily total 
column. Any amount brought for from 
the previous day is added, and the total entered 
in the grand total column. If the visitor pays 
his account, the amount is entered in the column 
provided for the purpose, and the account 
thereby closed. If he does not pay, the amount 
is entered in the carried forward column, and 
will appear on the page for the following day in 
the brought forward column. Any overcharge 
or other allowance to which the visitor may be 
entitled, is entered in the appropriate column, 
and should any visitor leave without paying his 
account, or if, for any reason, any amount is left 
unpaid after a visitor has given up his room, 
the balance due from him is carried into an 
ordinary ledger, where an account is opened in 
his name, on which he is debited with the amount 
he owes. 

Connection with General Books. The 
totals of the first sixteen money columns are 
entered daily in a summary ruled with corre- 
sponding columns, and at the ehd of a month a 
journal entry is made debiting Visitors’ Account 
in the general ledger with the grand total, 
and crediting the various nominal accounts 
with their respective totals for the month. 
The visitors’ account would then be credited 
with the cash received, and allowances made, 
and the balance of the account would re- 
present the sum then due from visitors, and 
should correspond with the amount carried 
forward in the visitors’ ledger on the last day of 
the month. 

Before the totals are entered in the summary 
daily, care must, of course, be taken that the 
cross-cast agrees with the sum of the daily 
total column ; and any discrepancy be rectified 
before the transfer is made. The daily total, 
plus the amount brought forward, must agree 
with the grand totals column, which, in turn, 
must equal the sum of the last four columns 
in the ledger. The “amounts paid” column 
should be carefully checked with the “ visitors’ 
cash ’’ column on the debit side of the general 
cash book. 


Visitors’ Accounts. The accounte ren. 

dered to visitors are prepared on the same 
rinciple as the ledger, the only difference 

ing that the form is ruled to cover a week. 
Columns are provided for each day, and 
for the total, while the different items of 
eharge are shown one under the other instead 
of us headings of columns. The great advan- 
tage of rendering bills on this system is that 
they can be compiled day by day, and will 
be ready at any time a visitor calls for his 
account upon leaving. 

The tabular atin 9 we have been considering 
owes its form largely to the necessity of carefully 
analysing the debits to the visitors, in order to 
ascertain the revenue under the different heads 
over which the income of an hote) business is 


spread. But there is another class of under- 
taking in which tabular ledgers are not less 
valuable, where the income is derived from 
practically only one source, but where there are 
manye debtors with whom transactions take 
place only at regular intervals and then at some 
distance ef time. Examples of such under- 
takings are gas, water, and electric light com- 
panies. This form of ledger is suitable also for 
the rate-collecting department of municipal 
authorities, and for the rent-collecting depart - 
ment of a large estate. The form reproduced 
on this pago is ruled in a manner specially suit- 
able for a gas company, but it will be apparent 
to the reader that it is capable of being 
adapted to the requirements of any of the busi- 
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works, and is intended, as much for the pro- 
tection of the debtor as of the creditor. The 
term bankrupt is gonerally applied rather loosely 
to any person in a state of commercial insol- 
vency ; but, strictly, it should be used only in 
reference to a person who has been adjudivated 
bankrupt by the Court. ‘This statement necessi- 
tates an explanation of the steps which must be 
taken before the stage of adjudication can be 
arrived at. 

Tho first step in bankruptcy proceedings 
is the presenting of a petition to the Court 
by a creditor or creditors for at least £50, 
asking that an order, known as a Receiving 
Order bo made against a debtor Every peti- 
tion must be based upon what is known as an 
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This form practically speaks for itself, and 
very few words are necessary to elucidate it. 
The amounts due for gas consumed are obtained 
from the books of the men employed as meter 
readers, who make a quarterly inspection of the 
meters for the purpose of obtaining the par- 
ticulars The moter and other rents follow a 
fixed seale. Any charges other than those of a 
standing character, are not dealt with m= this 
ledger, but are treated separately, and applien- 
tions for amounts due for fittings, connections, 
etc., will be dealt with by another department 


Bad Debte Ledger. Any debts regarded 
as bad, although entered in the column for that 
urpose, are not thereby abandoned or neglected. 
The accounts are cloved so far 4s this particular 
ledger is concerned, but they are transferred to a 
Bad Debts Ledger, which 1s also kept in a tabular 
form, and gives briet particulars of the nature, 
amount, and age of the debt. It is convenient 
in many busincases to keep such a ledger, for 
while a trader does not wish to encumber his 
ordinary ledger with accounts which may be 
regarded as dead—although there are balances 
due on them—he does not wish to lose sight 
of them. They are, therefore, transferred to a 
hook which is largely in the nature of a register, 
in which only one line is devoted to each. They 
are thus in a form capable of easy supervision, 
and although not regarded as assets from the 
accounts point of view, they may, with careful 
watching and nursing, result in something being 
ultimately recovered. 

The law of bankruptcy, as it exists to-day 
under the Bankruptcy Acts of 1883 and I890, 

B rd 


these, and they consist of acts indicating 
either insolvency or an intention on the part 
of the debtor to defeat or delay his eredi- 
tors by more or less fraudulent moans. Tho 
act of bankruptcy upon which tho majority 
of petitions are presentod is known as failure 
tou comply with the terms of a bankruptey 
notice This is a notice served upon a debtor 
by a creditor who has obtained judgment, 
requiring payment or security to the satis. 
faction of the creditor within seven days. 
If the termy of the notice are not complied 
with the debtor has committed ano act. of 
bankruptcy upon which a petition ean be 
founded. Bankruptey business is dealt with 
by a particular diviion of the High Court, 
and also by certain of the County Courts, 
and upon presentation of a petition a day 
is appointed to hearst. Uf the court is satisfied 
that it ix equitable that a receiving order should 
be made it directs accordingly. 

The immediate efleet of a recenving order 
in that possession of the debtor's property 
ix taken by an officer of the Board of Trade, 
known an the Official Receiver, and it becomes 
the duty of the debtor to lodge within seven 
days a statement of his affairs 


Statement of Affaires. The  state- 
ment must be in a form prescribed by the 
Board of Trade in accordance with the hunk. 
ruptcy Acts, and it is in) connection with 
this statement that we are now principally 
concerned. Several schedules are provided 
in which have to be entered (1) the different 
Classes of creditors in three groups, (a) those 
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holding no security, (b) those holding security 
to the full amount of their claims, (c) those 
holding security for less than their claims ; 
(2) liabilities of the debtor on bills which he 
has received from customers and others and 
subsequently discounted, and upon which he 
is, therefore, contingently liable as endorser ; 
(3) other contingent liabilities ; (4) claims 
of the Jandlord for rent, which he can recover 
by distross ; (5) claims for rates, taxes, wages, 
etc., by creditors who are given a special 
priority over others against the general assets 
not specitically charged to secured creditors. 

A form is also provided in which the debtor 
has to set out fully the whole of his property 
apart from book debts, for which a special 
bhect is provided. A separate form is also 
supplied for any bills of exchange which he 
has on hand available as assets. When these 
forms have been completed they are sum- 
marised on a sheet in the following form, 
this sheet being known as the Front Sheet : 


that some creditors, being given by lawa special 
priority or preference, are entitled to payment 
in full before the ordinary creditors receive any- 
thing. The amount of their claim 1s, there- 
fore, deducted from the total of the ‘assets 
and the balance is the amount available for 
the ordinary creditors. © 

From the nature of the necessity of the pre- 
paration of the statement of affairs it is un- 
likely that the assets will exceed the liabilities, 
and there is, therefore, generally a deficiency 
of assets to moet the claims of the creditors. 
Even when a suiplus is shown on a statement 
it is nearly always illusory and arrived at by 
the extravagant valuation of assets.” 

Deficiency Account. When a defi- 
ciency is shown it has to be explained in a 
further sheet, known as the Deficiency Account. 
It is required that this shall cover at least 
a year before the 1eceiving order and begin, 
where possible, at a time when the debtor has 
a surplus of assets over liabilities. ‘The object 





STATKMENT OF AFFAIRS OF G. BLACK ON 30TH JUNE, 1906 








(iross LIABILIVIES 
Lbabilitecs (as stated and estimated by the debtor) 
RUD Urseeured creditors as per List: A 
250) (¢ Creditors tully secured as per Lint B 200 

Lextrinated value otf security. 300 

4 
Surplus cared to contra 450 

ee 
Greditor partly seeured as per List © 187 
Estimated value of security. 160 
Jaability on bell discounted othe: than 
debtors own acceptances (List 1) ho 

Not eypeeted to rank against assets —_ 
Contingent or other liabilities (List h) 200 

| Of whieh it m expected will rank 

aginst the estate for dividend 

| (Credator for rent recoverable by dis- 

| tress (Last I) 

| Creditors for rates, taxes, and wages 

| (List G) pavable in full 

| Deducted contra oe os 

| nm 

{ 


| 





{ 
eae ASSL IS Estimated 
| oa | (as atated and estimated hy to 
; the debtor) Produce, 
KOO Property as per Lint TH, viz | 
Cash at bankers i sof 8 
D> om hand ae 1h 
Stoch-in-trade (cost £500) 250 
| | Furniture 5U 
| Life Policies... ce as — 
37 Other Property, viz. 
| Shares in copper mine... 10 
| Book Debts (Last J) ; 
Good... ey Bg as 75 
| Doubttul 123 \ 
Bad 200 see 
| 323 | | 
Estimated to produce : 50 
Bills of [xchange on hand 
100 (List J) ie sa sl 25 
| Surplus from secutities 
as per contru is <x fa 
| 33 
Deduct Creditors for rent, 
| Tates, ote Bie s : 58 
| | 495 
| Deticieney explamed im State. 
ment ae 7 §27 
41 Qo £1,002 


HNN nner nara SSeS ae| 


Front Sheet. It will be observed that 
this statement resembles in ‘some degree 
an ordinary balance-sheet, in that it is in- 
tended to show the assets and liabilities 
of the debtor. <A _ balance-sheet of a going 
concern is, however, prepared upon the 
assumption that there is no immediate necezsity 
for the realisation of the property, which can 
therefore be stated at its value to the pro- 
prietor from the view of utility. The pro- 
perty of the debtor, on the other hand, is 
valued upon the basis of early realisation; 
it may be as a going concern, but is probably 
at break-up prices. It will further be noticed 
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of the deficiency account is to show how 
that surplus has disappeared, and how the defi- 
ciency shown on the front sheet has arisen. 
The account. therefore. is largely in the nature 
of a profit and loss account and is made up in 
the form as shown on next page. 

The complete statement of affairs has to 
be verified on oath by the debtor and lodged 
with the Official Receiver, who calls a meeting 
of the creditors to decide the course to be 
taken in dealing with the estate. They may 
decide to wind it up in bankruptcy, and apply 
to the Court to adjudge the debtor a bankrupt. 
If they take this course a trustee may be 


f 


appointed at the meeting who will, after 
certain formalities, take over the assets from 
the Official Receiver and proceed to rvalise 
them for the benefit of the creditors. When 
they eare fully realised, he distributes the 
proceeds amongst the creditors pro rata, 
after firste paying his own remuncration and 
the costs and expenses of the bankruptcy 
proceedings. The distribution of a bankrupt's 
assets amongst his creditors is called a dividend. 

Public Rcaminaticn and Discharge. 
After the meeting of creditors, the debtor has 
to attend for his public examination, which 
consists of an appearance in open court, when he 
is questioned by the Official Receiver, the trustee. 
and any creditors who may so desire as to his 
past dealings with his property. After the public 
examination has been concluded the debtor may 
apply for his discharge from his bankruptcy. 
This application is heard in open court, and 
notice of the hearing is sent to all the creditors. 
At the hearing the Official Receiver reports the 
result of his investigations into the debtor's 
conduct and affairs, and the trustee and creditors 
may thon be heard against the application 


‘ 
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by the Official Receiver after the debtor's public 
examination has been concluded. The Official 
Receiver reports upon the scheme or proposal, 
and if the Court is satisfied it. is for the banefit 
of the creditors, the arrangement is sanctioned, 
and the debtor thereby relieved from the various 
disabilities of bankruptcy. 

Reference has been made to creditors who have 
proved their debts. This relates to the manner 
in which creditors are required to lodge their 
claims in bankruptey proceedings. When the 
Official Receiver issues notices for the meeting 
of creditors he sends out also what is known as 
a form of proof of debt. This ir a skeleton form 
of affidavit which has to be completed and sworn 
by the creditor. It states that the debtor was, 
at the date of the receiving order, and thon is, 
indebted to the person on whose behalf the proot 
is lodged in the sum named therein, and for the 
consideration stated. Any security held by the 
creditor has to be fully stated in the proof and 
valued. In order that the valuation made by the 
ereditor shall be a fair one, the Official Receiver 
or trustee has the right in certain circumstances to 
call upon the creditor to deliver the security to 





DEFICIENCY ACCOUNT 


Excveas of Assets over Liabilities on 
Ist July, 1905 


eee || one i | 1.000 
Doficiency as per Statement of affairs 


627 


£1,527 


If the Official Receiver r ports that the debtor 
has been guilty of certain offences the Court will 
either refuse the discharge or suspend it for not 
less than two years. The principal. offences 
which will entail this consequence are inability 
to pay 10s. in the £, trading with knowledge of 
insolvency, speculation, failure to keep proper 
business books, fraud, and previous bankruptev 
If the discharge is granted the debtor is relieved 
from all Jiability for debts incurred prior to the 
receiving order but for one or two unimportant 
oa ac te A bankrupt who has not obtained 
his discharge is not allowed to contract a debt of 
£20 without disclosing the fact that he is an 
undischarged bankrupt. If he should do so he 
renders himself liable to imprisonment. 

Compositions. To go back a short dis- 
tance, it should be mentioned that the debtor 
sometimes brings forward at the meeting of 
creditors a scheme of arrangement or a proposi- 
tion to pay a composition of not less than 7s. 6d. 
in the £ in consideration of being discharged 
from his liabilities. If the proposal is approved 
by a majority in number representing three- 
fourths in value of the creditors who have 
proved their debts, it is brought before the Court 


Net lowdon trading from dat July, 
1906 nse per books of busimens  .. 22 


Bad debts as por schedule - 275 
LApensos oimeurred sme dat July, 

1005, other than trade ox porns, 

vie. household exponsen of xelt 

and wate 300 


Other Losses and Expenses 
Copper mine shares : a 40 


Loss on bills diseountad : 100 
Losses by Stock Exchangospeculations 533 
£1,027 


him upon vemg paid the amount of the valuation, 
When no trustee is appointed at the meeting, the 
Official Kecciver acts in that cupucity. 

Trustee’s Accounta and Release. 
Accounts have to be kept by the trustee, showmy 
the realisation of the estate, and the manner in 
which the proceeds are dealt with. The accounts 
are audited twice a year by the Board of Trade. 
When the trustee has realised all the assets 
and dastributed the sum available, ho applies 
to the Board of Trade for his release as trustee 
He must give notice to the creditors of his in- 
tention to do so, and send to each of them a 
summary of his receipts and payments, showing, 
on the one hand, the amount the assets have 
reajised as compared with the estimate placed 
upon them in the statement of affairs, and, on 
the other, the manner in which the amount 
received has been expended in payment of court 
and other fees, law costs, remuneration, and 
dividends to creditors. The Board of Trade 
audit the accounts to the close of the truster- 
ship, hear any objections by creditors to the 
granting of the release, and either grant it or 
refuse it until the trustee has complied with their 
requirements. 


Continued 
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SHOPKEEPING 


25 IRONMONGERS. Capital and Stock. 


in Buying. 


Continued from 
page 440 


N° trade is more complex than that of an iron- 
monger. Jt embraces a dozen trades in 
itself, and no man has ever attained to a thorough 
knowledge of every branch of it. Many of the 
departments, which are sometimes separate 
trades, are considered independently in separate 
articles in this course. Our concern is with the 
oung man who wishes to open shop as a general 
ironmonger. If he has had a practical training 
with an ironmonger, the branches which he will 
cultivate will vary from those he will exploit if he 
has capital, but Jittle practical experience. 
Undoubtedly the easiest department to enter and 
understand is that of household ironmongery. 
Builder’ and black ironmongery consist of 
merchandise which becomes familiar only after 
long acquaintance. Hence the competition of 
the draper and the stores is in household 
Ironmongery. Neither class of opposition has 
entered seriously into the black und heavy 
departments. 


Capital. The annual turnover of the iron- 
monger is seldom more than double the amount 
of capital sunk in stock. Ina small concern, 
where hand-to-mouth buying is practised, the 
year’s turnover may rise to three times the stock 
value, but such a case is exceptional. Hence, for 
a turnover of £3,000 per annum, the capital 
available should be not less than £500 if anything 
is to be allowed for shop fittings and a few pounds 
for cash in hand, The apportioning of capital 
upon stock must be decided by local conditions 
and the class of trade the rronmonger wishes to 
develop. The tive-shilling handbook, ° The 
Modern fronmonger,” published at 42, Cannon 
Street, London, E.C., suggesta division as follows, 
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Stockkeeping. 








CYCLOPAEDIA OF SHOPKEEPING 


Up-to-date Precautions 


Profits. Working Departments * 


and the allotments are as reasonable as any 
general advice can be : 


£ 
Fixtures, counters, etc. sg ils ..- 60 
Stock, general and farnishing, including 
hollow ware and enamel ware .. .. 250 
Tools and cutlery ..° .. ve -- 60 
Brassfoundery a ee “i 2. «=H 
Black and builders’ hardware a ~- 40 
Sundries ~ Sa re aa es 40) 
£465 


The book mentioned is a valuable practical 
guide to anyone contemplating establishment as 
an ironmonger. 


StocKkKeeping. The interior of the old- 
time ironmonger’s shop is conspicuously void 
of attractiveness. The science of stockkeeping 
does not find in the ironmongery trade the 
following which it does in other departments 
of retailing. To draw lessons from up-to-date 
stockkeeping for ironmongers we have to cross 
the Atlantic. Many of the “ hardware stores ”’ 
in the United States and Canada lead instead of 
lagging behind in efficiency and attractiveness 
of shopkeeping methods. So thoroughly is the 
need for proper system recognised that there are 
a few business houses there who devote them- 
selves exclusively to the making and purveying 
of hardware shop fittings, and they seem to 
thrive. We select from American practice 
some up-to-date shopfittings, and it will be ad- 
mitted that by system carefully calculated to 
suit the different departments of a hardware 
stock, an ironmonger's shop may be made to 
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1. UP-TO-DATE SYSTRM OF STOCKING SHELF HARDWARE 
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2. THE INTERIOR OF A MODEL IRONMONWER’SR SHOP 


look as attractive as that of any other trades- 
man. Fig 2 1s an illustration of a modern 
American hardware store where properly designed 
fittings have enabled the paper parcels to be 
discarded, and nothing mectsa the eye but 
drawers, lockers and glass cases. Figs. 1 
and 8 show in greater detail the system of 
fixtures adopted. The latter arranged for tools, 
is Melf-explanatory ; the former, shows the drawer 
system of keeping builders’ hardware and brass 
foundery, each drawer having in front a glazed 
compartment in which is placed a sample of the 
contents of the drawer. The value of such an 
arrangement for indicating the nature of the 
stock without deterioration is obvious. 


The next illustration [4] 16 of an American 
nail counter, each nail bin being mounted upon 
an axle which permits it to fulfil its function 
much better than the ordinary fixed bin. = The 
show stand for scythes [5] is convenient in that 11 
displays the articles well, and offers no rk of 


injury by igre cutting edges. The shot 
case (6) is devised so that 


each turn of any handle be- \yoggiae 
low a glass disc admits into 
the drawer beneath exactly 
one pound of the shot, so 
that to extract 7 Ib. of any 
desired size of shot it is 


necessary only to turn the 
proper handle seven times, 
after which the scooped- 


shaped drawer, the handle of 
which is visible, contains what 
is wanted. 

- oe s eee eee. 
ut apart special fitti 
such as we have described, 
the ironmonger may improve 
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3. WALL CASE FITTED YOR TOOLS 


SnePKEEPING 


his shelves by acting 
ax carpenter. Hard. 
ware sholf boxes 
may be purchased, 
but aed may easily 
be made by taking 
two stout pieces of 
wood of equal size 
to serve for back 
and front, and by 
fitting to these oa 
es of sheet iron 
wnt to form sides 
and bottom. Fig 7 
shows a fitting for 
keeping orderly stock 
of ropes ain coils, 
The cos are beneath 
the floor, and a 
spring chp is fixod 
beneath each hole 
to prevent tho rope 
running back. Fig. 8 
represents oa shelf 
fitted by an iron- 
monger’s —ansiatant 
with horizontal dh. 
viding shelves — of 
wood and small ver- 
tical partitions of sheet iron cut to size, It 
would be difficult to improve upon such an 
arrangement for edge tools, such as bits, chisels, 
plane trons, ete. 

The hist of shop fittings given is intended to be 
suggestive, not exhaustive Almost every class 
of ironmongery may be better stocked by special 
cases or fittings purchased or home made, and 
the result of their use is better kept stock and 
prompter service 

Shop Assistance. The ironmonger who 
begins business on the mittumum capital possible 
will not seed much shop assistance The help 
of an apprentice, message boy, or porter will 
suffiee But it in to be hoped that trade will 
develop quickly, and bring the need for other help 
It ak a common saying in the trade that one 
assistant or apprentice a required for every 
£1,000 of turnover This wall be found to be 
gs ebltaludacrated accurate 

ronmongers’ aswstants are badly paid, al- 
though probably not worse than the average 
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shopkeeper’s assistant. A few years ago the 
writer investigated this subject to some depth, 
and found that the aver salary asked by over 
100 assistants applying for a situation as chief 
assistant was about 30s. per week. In London, a 
good young assistant can he engaged for this sum, 
and in the provinces 25s. or even less will secure 
the services of a youth who has passed through 
a good apprenticeship training. 

Quality of Assistants. There have been 
many complaints regarding the poor quality of 
the present-day ironmonger’s assistant. ere 
is reason in the complaint. Good men have 
ambitions, and in view of the fact that the 
capital necessary to open shop is large in cum- 
parison with other trades, ambitious men without 
capital are prone to enter other spheres, leaving 
the mediocre and poorer members to pass their 
days behind the ironmongery counter. 

The Ironmongers’ Federated Association has 
recently embarked upon a scheme of practical 
examinations for assistant ironmongers in the 
hope of raising the quality. The scheme has up 
to now achieved only moderate success. It has 
not been shown that the certificate of the 
Association carries with it an extra 5s. a week in 
remuneration, 
and assistants . 
grudge the 
time and effort 
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Niary gain, the 
examination is 
ans excellent 
thing, and a 
certificate 
Ktamps the 
man who has 
won it as having aspirations towards a knowledge 
of his trade far above the average. 

Buying. The success of a retail ironmonger is 
primarily a question of successful buying. It is 
a good rule to strive to build up a stock the 
individua! articles in which are different as far 
as possible, from those stocked by competitors. 
For staple articles—nails, netting, hinges, and 
other things—this is impossible, but by seeking 
different: patterns in houschold ironmongery, 
brassfoundery, and other classes where variation 
is possible, better prices are usually obtainable. 
It is usually difficult for the man who has been 
wont to buy in fair quantities for an employer 
in a large way of business to reduce the orders 
to the requirements and capital of his own 
modest start, and shipwreck has often been made 
from this circumstance. When accounts fall due 
for payment, a sovereign in hand is worth two 
locked up in shelf stock. Therefore the 
necessity to preserve a cash balance in hand, 
even if the stock suffer thereby, is imperative. 
Money is to be saved by taking advantage of cash 
discounts, and this cannot be done without the 
cash available as cash. 
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4. NAIL COUNTER FITTED WITH 
SWINGING BINS 
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Factora versus Manufacturers. ‘lhe 
factor—that is, the City wholesaler or com- 
mission merchant, who was always formerly the 
medium through whom hardware merchandise 
reached the retailer—is becoming a less important 
quantity in trade relation. The tendency is ail 
towards the manufacturer getting *‘nto direct 
touch with the retailer. Indeed, the tendency 
is, in some directions, much further. It is some- 
times that the maker gets into direct touch with 
the consumer. The policy of the retail iron- 
monger is, of course, all against direct trading 
between the maker and the consumer, and he will 
encourage firms who refrain from this undesirable 
but not infrequent practice. But he will, on the 
other hand, strive to purchase as much of his 
stock as possible from the makers and not from 
factors. 

At first, especially if he begin business on 
small capital, this will be difficult, but as he 
feels strong enough to order individual “‘ lines ”’ 
in larger quantities he will pass the factor 
for the manufacturer. It will not be possible to 
dispense with the factor entirely. For imported 
goods, for instance, German, French, and Ameri- 
can, the factor must be patronised. He may 
often be patro- 
nised unwit- 
tingly. A 
professing 
manufacturer 
may factor half 
the goods 
which he cata- 
logues, as, in- 
deed, _ nearly 
every Birming- 
, ham brass- 
wigey founder does, 
me § although few 
retailers know 
it, but as a 
general policy 
the retailers will try to cultivate relations 
with the manufacturer in preference to the 
factor. 

Catalogues. In a retail trade so diverse 
in its character as that of the general ironmonger 
it is impossible to hold in stock everything 
that may be asked for, and in no branch o shop- 
keeping is there greater need for a good system 
of keeping ready for reference a good range of 
illustrated catalogues. It is not enough that 
such catalogues should be in the office; they must 

> arranged and classified in such a manner 
that they may be placed before the customer 
at any required moment. Then there must 
be no need to spend time hunting for “ that 
last quotation” to know what discount 
the catalogue prices bear. When a uniform 
discount prevails upon all the goods shown 
in a given book, it is an easy matter to 
have that discount indicated in cipher on 
the front of the catalogue or other readily 
accesible place. Where different discounts 
apply throughout a book, it means a little 
more work to record the details, but it is 
none the less essential. 


di) oe 


Special Orders. Naturally, only price 
lista and catalogues which carry acount 
sufficiently large to constitute a reasonable 

rofit are shown to customors. In these 
A there are few maker’s catalogues which 
do not fulfil this requiroment. It is always 
well toeexhibit to 6 ee Sle a 
carrying good long discounts. ssume that 
& ecial size of fishkettle has to be brought 
from Birmingham, the profit may vanish under 
the carriage charge if the trade 
discount be only 334 per cent.. 
but if a 50 per cent. catalogue 
be shown and list price be secured 
there is a good profit left after 
paying carriage. e customer ix 
seldom willing to pay any special 
charge caused by filling an urgent 
requirement. He usually considers 
that this charge should come from 
the retailer’s profit. Another reason 
for preferring the long discount 
catalogue when taking o catalogue 
order 1s that it gives the oppor- 
tunity to allow something off 
The purchaser thinks he has a 
far better bargain at 15 per cent. 
from a 50 per cent. list than when 
he pays list price from a 33} per 
cent. catalogue, although the former 
transaction yields the ironmonger 
a larger commission. 

Trade Discounts. § In no 
trade is the system of trade discounts so 
complex. The ironmonger who understands 
all about trade discounts has a clear head. 
There are some articles which are subject to 
say, 80 per cent. discount, not many, perhaps, 
but enough to enable this to be taken as an 
example. 

To the man with a non-mathematical head 
and no trade experience it would seem that to 
Rell such goods at 75 per cent from list would 
be ruinous, whereas, in 
fact, the practice shows 
a 25 per cent. profit on 
cost. The instance may 
be given in illustration 
of the need for careful 
figuring in calculating 
prices by discount, es- 
pecially if the discount 
be a jong one. 

Goods should he 
priced on a discount 
basis. This is the only 
way to preserve = uni- 
formity in selling prices, 
which is desirable. The 
customers should not, of course, be initiated 
into the mysteries of the discount syatem, as 
the knowledge furnishes them with a lever of 
comparison which may prove exceedingly in- 
convenient for the retailer. 

Price Maintenance. There has heen 
much talk of price maintenance in ironmongery 
during the last few years. Although the atten- 
tion which the subject has received at meetings 





8 DISPLAY STAND FOR 
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6. A CONVENIENT SHOT CAGE AND MEASUREK 


of ironmongers’ associations and in tho trade 
may convey the impreasion that the movement 
towards the maintenance of minimum retail 
prices has acquired a strength and achieved no 
success greater than actual facts warrant, yet 
the practice is becoming tixed and is taking deeper 
root, thanks to the combination of ironmongers 
in trade associations. Fixed retail prices can 
be maintained by two methods, by the manu. 
facturers insisting that purchasers of their goods 
must send the article purchased 
only upon certain conditions, and 
by a combination of all the re- 
tailers in a specitic area under 
mutual agreement to maintain 
certain prices upon certain articles. 
The former method, that where 
the law is enforeed by the manu- 
facturer, is appheable only to pro- 
prictary articles—a specific carpet 
sweeper, a certain cartridge, a 
peculiar make of lawn mower, for 
instance — but is unsuitable for 
general classes of hardware mado 
by many competing manufacturers, 
On the chief articles of sale, which 
have little or no distinetion in pat- 
tern, although made by many 
makers, price maintenance is only 
feasible by harmony between the 
retailers in the district connti- 
tuting the field of trading = It 1s 
often difficult’ to secure this har. 
mony. One recalcitrant member of the trade 
may prevent other 49 members desirous of 
uniformity in selling policy from practising 
that uniformity. 

Manufacturers who adopt the price-mainten- 
ance scheme seldom insist upon the maintenance 
of full list prices; they usually stipulate only 
that there must be no cutting lower than a 
certain dgure Thus, most manufacturers of 
lawn mowers, who allow 30 or 334 per cent. 
trule discount — fram 
int prices, permit pur- 
Chasers to ell at 15 per 
cent. from list) Carpet. 
dwecper makers und a 
few other makers of 
roprictary articles of 
hiabi wane follow similar 
KyHtems. 

Profitea. The articles 
upon which retadens 
have arranged to main- 
tain) minimum prices 
are comparatively few, 
and the practice has 
a hold only upon 
isolated districts. Wire netting is the article 
which has received the greatest attention, and 
in some districts agreement has stopped the 
senseless habit of giving what is practically 
change for a awixpence and calling it carrying 
on the business of an ironmounger. A leading 
ironmonger recently proposed in the columns 
of “The Ironmonger”’ certain rates of profit 
which certain representative classes of ware 
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should carry. The rates are reasonable, and 
worthy of being put on record here: 


per cent. per cent, 


Axles and springs .. 20 Hollow-ware .. 35 
Agricultural imple- Hurdles .. .. .. 16 
ments -. «+ 20 Lawn-mowers 174 
Bar iron, sheet iron, Lead and glass 15 
girdors, steol .. 16 Manghng and wring- 
Baths (cast) 20 ing minachines 25 
Busycles .- oo. 26 Nails .. 20 
Belting .. .. .. 25 Onlengines ..  .. 10 
Corrugated sheets... 16 Oils (linseed, turpen- 
Coffin-furniture 26 tine, machine oils, 
Goment a” ee ORO ete.) .. . ae “25 
Dairy-machinoes (seq- Perambulators 35 
arators, churns, Paints and varnishes 25 
butter-workers) .. 20) Raimwater goods .. 20 
Enameolled slate and Ropes ns Jew 25 
wood meantol- Spados, forks, 
piecos 20) shovels, seythes , 26 
Foncing-wire .. 20 Sash-woiyhts .. 20 
Filew doe 2h Weighing-machines, 
Folt se, “wis: ei 20 plattorm: + ma. 
(irates and ranges, chines, = coal-ma- 
registers, KtOVer, chines, ete. 20 
mauntol-reginters 20 Wire netting ..  .. 20 
Cias-stover .. 20 Wrought-iron tubes 15 
(rarden-seats and Brasstoundory, locks, 
gardon = furniture hinges, screws, ote, 
genorally 25 (fot burlders) 20 
Carden-hose 45) 


These percentages are intended 
to be calculated upon selling 
prices, not upon cost prices, a 
point of some importance, as 
there is a material difference 
between the two. They must 
necessarily be considered — as 
elastic in their application to 
different districts. Even given 
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agreement between the hard- 
ware retailers in’ as certam 
area, any scheme of selling 


prices would have to consider 
the amount, strength = and 
policy of competition from 
neighbouring commercial cen. 
tres operating in the district. 
Much of the ironomnger’s trade 
is of a semi-wholesale character 
—selling to builders, carpenters, 
and others, who expect to 
purchase under the usual retail 
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among all those tendering can be secured, 
agreement is possible, and reasonable profits 
attainable, but association to this end can 
seldom be attained. Under ordinary conditions, 
the ironmonger must recognise that he cannot 
secure an order in competition and a direct 
profit at the same time. Therefore,ghe must 
work for an indirect profit. Where the man, 
firm, company, or corporation placing orders 
by tender never give the opportunity of indirect 
profit, the better policy is to refuse to waste 
time in drawing up an estimate, leaving the 
business to those foolish enough to wish for it 
on its merits or demerits. There are always 
such competitors, and they may be left to stew 
in their own juice. But where a profit may 
honourably be worked in edgeways the trade 
aay be worth having. 

Sprat to Catch a Whale. Let us 
take, for example, a workhouse, hospital, or 
municipal department, the year's contract for 
ironmongery in which is to be placed by 
competitive tender. It may be necessary to 
quote upon a profit basis of 10, 5, 24 or 
even 0) per cent. to secure the order. If the extras 
which may be expected to accrue, and which 
are not covered by the schedule 
prices, promise to yield a 
reasonable, even if low, profit 
out of the whole contract, it 
is worth securing. There is 
always a little prestige attach- 
ing to a successful contractor 
under competition, and this is 
not quite a negligible quantity. 
Should the tradesman under 
such conditions charge fairly 
high prices for the extras, 
thereby getting “a little of his 
own back,” he can scarcely 
be charged with either moral 
or commercial transgression. 


A Case in Point. There 
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+" are many cases where an ap- 

YZ parent no-profit transaction is 
‘zg, more directly remunerative. Let 
. ty, us suppose that a private in- 










dividual ix erecting a villa—an 


Y 5 AZZ 
prices, and the competition for Yj a AH event which does not happen 
whose custom is keen. It were Gy oe ogee often in his lifetime. He is 
useless for the local iron. 7 ARRANGEMENT FOR STOCKING fastidious in his choice — of 
mongers to demand a 20 per ROPES grates, stoves. _ bell - fittings, 
cent. profit on nails if the chimneypieces and tile hearths. 
travellers from an = ironmonger in as town He probably goes the rounds of the local iron- 


twenty miles off work their customers offering 
these goods avon a profit of lid. or 3d. a bay 
~—pursuing the policy of setting a sprat to 
catch a whale. 

Tendering. Much of the business of 
many ironmongers comes in the form of orders 
vecured only by competitive tender, and _ all 
who know anything of this class of trade know 
with what complaint it is carried on. Com- 
petition, which is the life of trade, is the slayer 
of profits, and competitive orders such as come 
in the way of the ironmonger are usually secured 
only by cutting down profits to the point of 
invisibility or beyond. Where association 
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mongers inspecting stock and getting quotations. 
There is probably a certain make of kitchen 
range popular in the district, and one is certain 
to be included in the order. The ironmongers 
quote a low price for this stove, cutting the 
profit down to nearly nothing. The tradesman 
who makes a daring cut to a half-sovereign under 
cost price will secure the order. His fellows 
will wonder if he has developed into a philan. 
thropic institution, and will predict his speedy 
appearance in Carey Street. But he may be 
the wisest man in the crowd. The purchaser 
is probably ignorant of the respective values of 
the other items in the bill he is mounting up. 


Hearth tiles, which cost 7s. 6d. a yard, may be 


sold him for 20s. or 25s. a yard, if they please his 
fancy. A few chimney-pieces may be selected 
something approaching 100 per cent. 


profis on cost, and the half-sovereign thrown 
away may return fifty times its value in net 
profit. ‘he ability to profit by occasion such 
as this, to estimate ita value, and to act accord- 
ingly, goes a long way to make the success of a 
modern retail ironmonger. 

StocKtaKing. Every business man should 
make a periodical inventory of his stock. 
Ironmongers are given to obey this rule less 
than other shopkeepers. There is some reason 
for their reluctance to take atock. It is no light 
undertaking. It ia at the least a two or three 
weeks’ job, and if things seem to be going well 
there is a great temptation to drive the old ship 
along without casting the log. But there is a 
double reason for taking stock. Not only 
does it indicate the value on the shelves, but it 
also gives a periodical opportunity to clear out 
old stock and sell it before its value has de- 
teriorated further. The task of stocktaking 
may be simplitied some- 
what by following certain 
methods. For instance, 
wire netting may be 
weighed instead of being 
measured, and the 
measurement may be 
calculated from tables 
showing the relation of 
weight to length in the 
various widths, meshes 
and gauges. Oils may 
be treated in the same 
way. Asystem of stock 
taking of houschold and 
cabinet — brassfoundery 
by weighing it is given 
in the “ Jronmonger 
Diary ” for 1903. It 1s 8 
approximately accurate, 
and while not good enough for an inventory 
for purposes of sale or purchase, is sufficient 
where the business is to remain in the same 
hands. By these and other devices the task of 
stocktaking may be materially lightened In 
any event, stock should be taken every year. 

Cheap Sales. The annual or semi-annual 
cheap sale has not yet become a general institu- 
tion with ironmongers. A few firms have adopted 
this method of clearing off soiled or doubtful 
atock, and the fact that firms who have once gone 
in for this usually maintain it as a periodical 
event is the best recommendation for ita value. 
One has only to attend an auction at which the 
stock of a very old-established ironmonger’s 
is being realised, to be impressed with the 
mass of absolutely unsaleable stock which has 
accumulated. Much of it fetches the price of 
old metal, or a little more. The process of de- 
terioration has been gradual. Had the goods 
been sold at cost price just when they began to 
go off, or at a little leas a little later, their holders 
would have suffered far leas loss. Not only 
would more hard cash have been got than was 
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ultimately reahsed, but tne room which things 
took up could have been devoted to more 
saleable goods. The ironmonger is, as a rule, 
far too loth to “ cut his losses.” Where a rom- 
nant might have beon saved, he hangs on w 
the lot till all is gone. It is to bo remembered 
in business that stock once detoriorated will 
never regain its original value. and no trades- 
man is moro oblivious to this fact than the 
ironmonger. 


Departments and Sideslines. There 
are many departments and side-lines to the 
ironmongery trade which are the subjects of 
| ears articles in this course, and which may 
therefore be passed with bare mention. They 
include agricultural implements, domestic 
engineering, a and trunks, china and glass, 
cutlery and tools, cycles, guns and ammunition, 
fishing tackle, plumbing, baby-carriages, house 
furnishings, motor-cars, toys and games, and 
sewing machines. The suitability of a depurt- 
ment or aide-line depends upon premises, locality, 
competition, fashion, capital and taste, and upon 
these points everv man must decide for himaclf. 

Working Exe 

me peneea. The working 

Stead) expenses oof oan iron 

monger'’s business are a 
very variable quantity. 
Y We noticed in the lead- 
ing trade paper a few 
weeks ago that & promi- 
nent Liverpool — iron- 
monger stated that it 
costs on an average 224 
percent, to run an 
Ironmonger’s — business, 
while a few weeks be- 
fore another retailer not 
many miles away put the 
percentage asx 0 percent. 
he one wan too low, and 
the other too high. It 

w evident that the framer 
of the former estimate had reached it by including 
in the sum interest on ae or, at Jonat, 
managerial sulary to principals. This method of 
estimating is good and safe, and we believe that 
where high city rents have to be paid the ex 
penses may sometimes be as high as 22) per cent. 
But in small businesses such as those we are 
considering it may be taken that 15 to 17) per 
cent. of the turnover is awallowed in) working 
expenses, Were the beginner to frame his prices 
upon the groundwork that expenses were 
224 per cent., he would probably starve for 
lack of trade. An old-established and a high- 
class business may flourish under a reputation 
for high prices if excellence and variety of stock 
be an accompanying feature, but the small 
beginner, whose stock, though good, cannot 
claim wide variety, would commit commercial 
suicide by attempting to build up a trade on 
high prices. 

The Ironmonger’s Workshop. What- 
ever may be said about the selling of iron 
mongery goods, if must be allowed that the 
trade is not prosecuted to its widest scope if 
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the business does not include a working depart- 
ment. 

Capital invested by an ironmonger in work- 
shop equipment and material ought to yield 
much more profit than a similar sum spent upon 
stock. So much of the workshop turnover is 
labour, which involved practically no capital 
charge, being mercly drawn upon as required, 
that it is much more remunerative than a 
ordinary merchant business. The materials also 
upon which workshop labour is expended—bar 
and sheet iron, tin plates, copper and brass, zinc 
and lead—are semi-raw materials, which cost 
much less in proportion to bulk than ordinary 
shelf hardware. Should there be t wo ironmongers 
near each other, one of whom has workshop 
facilities and the other has not, mueh mer- 
chant trade is caught in the net of the former 
on account of his ability to instal the ranges, 
heating and lighting apparatus, electric bells, 
pumps, and sanitary fittings which he sells, 
and from his ability to repair anything from a 
tin tea-bottle to a motor-car. 

An Ideal Partnership. The ideal part- 
nership for two young men beginning business 
together as ironmongers is found when one is 
skilled in buying and selling stock, and in 
window-keeping and office work, while the 
other is a practical man competent in one 
or more working compartments, and able, if 
he cannot himself do all classes of bench and 
fitting work, at least to supervise practically 
men who can, and to prevent the issue of badly- 
executed work and the waste which robs many 
an ironmonger of the profits which should accrue 
to him from his workshop department. 

Should two young men such as we have indi- 
cated decide to run a double business of this 
nature, the most promising location for them is 
near a large and flourishing ironmongery concern 
without workshop favilities. Then, by pushing 
the working department for all it is worth, they 
may without difficulty alienate a good deal 
of the custom of the older establishment, as 
they have a powerful weapon of competition 
which the other has not at command. 

Working Departments. Many con- 
siderations influence the nature of the work 
to be undertaken by the ironmonger. At the 
initiation of the enterprise the scope cannot 
usually be very wide. It is always well to have 
& main working department upon which others 
may grow with expanding trade as the need arises. 
Tinsmithing is a very frequent mainstay of an 
ironmonger’s workshop. It has this merit—that 
slack times can always be employed in making 
for stock, and whatever may be the principal 
workshop output, it is always well to select 
something which can be made for stock. Such 
& practice has in it the germs of development 
into an important eianntestary: Many large 
manufacturing concerns throughout the country 
have grown from emall beginnings in an iron- 
ms tl workshop. 

er possible workshop departments include 
domestic engineering, the repair of agricultural 
implements, agricultural engineering, smith work 


of various classes, sheet-metal work, elec- 
trical engineering, plumbing, foundry work, 
cycle and motor repairing. Many of these 
departments are considered in separate articles 
of this course, and it were idle repetition to.enter 
into details of all of them here. 

Textsbook Aids. There are gome text- 
books which the ironmonger will find useful guides 
in his workshop practice. The best practical 
handbook covering general work is “The Iron- 
monger’s Workshop,” the 5s. volume recently 
published by “The Ironmonger,’”’ of 42, Cannon 
Street, London, E.C. ; and for the list of separate 
text-books devoted to specific branches the 
following may be recommended : 

‘* Metal Plate Work,’”’ by C. T. Millis, M.I.M.E. 
(E. & F. N. Spon, Ltd.), 9s.; “The Sheet 
Metal Worker's Instructor,” by Warn & 
Horner (Crosby Lockwood & Son, 7, Stationers’ 
Hall Court, E.C.), 88.; ‘Warming Buildings 
by Hot Water,” by Frederick Dye (E. & F. N. 
Spon, Ltd.), 8s. 6d.; “‘ Practical Electric Bell 
Fitting,” by F. C. Allsop (E. & F. N. Spon, 
Lid ), 3s. 6d.; ‘‘ Telephones: their Construc- 
tion and Fitting,” by the same Author (E. & 
F. N. Spon, Ltd.), 3s. 6d. ; “ Wiring for Electric 
Light,” by (. Metcalfe (Harper & Bros.), 
5a. 6d. ; “ Lighting by Acetylene,” by Frederick 
Dye (KE. & F. N. Spon. Ltd.), 68.; ‘‘ Ex- 
ternal Plumber Work,” by John W. Hart 
(Scott, Greenwood & Co.), 78. 6d.; ‘“ Practical 
Sanitary Engineering,” by Francis Wood (C. 
Griffin & Co., Ltd.), 8s. 6d.; ‘‘ Construction and 
Working of Pumps,” by G. C. R. Marks (J. 
Heywood), 3s. 6d.; ‘‘ Hydraulic Rama,” by 
J. W. Clarke (B. T. Batsford), 2s. 6d.; and- 
“Modern Foundry Practice,’’ by John Sharp (EF. 
& ¥F. N. Spon, Ltd.), 21s. 

Workshop Economy. It is the inten- 
tion, of course, that the workshop should be 
carried on at a profit. Though it may be made 
the most remunerative department in the 
whole business, it is the department in which 
money may most easily be lost. The lack 
of a good system of checking and pricing all 
work, and of seeing that every half-hour spent 
upon a job and every item of material are 
charged for in the final bill, often diminish 
the workshop profit considerably, sometimes 
even wiping it out altogether. Workmen 
need watching. So many bad and indifferent 
workmen are available that good workmen 
once engaged should be retained even at some 
inconvenience when business scarcely warranta 
retaining them. It is then that the value of 
eres. ew for stock comes to be appreciated. 

Workshop accounts demand care. The filling 
in of the details of material on a job should be 
carefully verified, and only someone absolutel 
trustworthy and accurate should be trusted with 
this work. -The omission to charge a half pound 
of solder on a job may seem a small matter, 
but if repeated half-a-dozen times a day for 300 
days in the year means a loss of £40 a year. 
Careful checking by a system, even if it cost the 
wages of a man somewhat more expensive than 
an ordinary workman, is always a wise economy. 


Continued 
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Capacity of Different 
Energy of a Charge 


By Professor SILVANUS P. THOMPSON 


THROUGHOUT almost the whole of the pre- 

ceding articles we have been dealing with 
electricity in movement, flowing as a current, 
since almost all of the useful effects due to elec- 
tricity occur in consequence of its being in motion. 
We have now to consider certain particular 
effects or properties ‘which belong to electricity 
tn the state of rest. 

An Experiment. We shall first describe 
an experiment, that is of some significance. 
Let us arrange a circuit as if we were trying 
to send a current through a shect of glass, 
or of some other non-conducting substance. 
As the sheet does not conduct, no current 
will go through it—at Jeast unless we employ 
KO enormous an electromotive force (such 
as 100,000 volts or more) as to pierce a hole 
in the glass. It may seem absurd to try to 
send a current through a non-conductor ; but 
the experiment is instructive. Procure a battery 
of a considerable number of small cells — 50 
Leclanché cells in series, or better still, 100. 
Have also a sensitive and quick-acting galvano- 
meter, such as a Thomson mirror galvanometer, 
and a simple key, 
and let some sheets 
of tin-foil be also 
eateries and a 
arge thin sheet of 
glass, = This up- 
pions is then to 
0 set up in the 
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manner — depicted 

6 din grammatically 
217 in 217) Cut two 

sheets of  tin-foil 

KO «that each is a little smeuller than the 


Sheet of glass, so that if Jaid down on the 
ylnass it would leave about $ in. of margin 
all round. Lay one sheet of tin-foil down on a 
flat wooden table, place the sheet of glass over 

it, and the other heel of tin-foil on the glass. 


disturbance of the galvanometer needle, indi- 
cating that on closing the circuit there is a 
transient rush of current ; but it stops at once, 
leaving no permanent deflexion. In fact, what 
happens is this. The battery possesses an 
electromotive foree by virtue of which it is 
always tending to drive a current through itaelf, 
though no current can flow until a oirouit is 
provided. When the wires leading to the two 
sheets of tin-foil are made part of the (incomplete) 
circuit, on the pressing of the key there is a 
movement of electricity ; for the battery is then 
able to move a small quantity of cleatrioity 
along, drawing it out of one tin-foil (that oon- 
nected to the negative pole) and driving it into 
the other tin-foil (that connected to the positive 
pole), It cannot produce a true circulation of 
current because the glass stops the way. In 
other words, the battery pushes a certain small 
quantity of electricity along the conducting 
peth as far as it ean go—that is, until it is stopped 
against the face of the glass plate, and at the 
same time it draws an equal quantity from the 
other side of the glass plate. 

Charge and Discharge. The glass 
plate in the foregoing experiment is said to 
receive a charge. The word charge means a 
quantity of electricity at rest. The place whore 
a charge is to be found is on the surface of a non- 
conductor. If clectrieity has been running fo 
a surface of w non-conductor, and accumulates 
there, it is called a positive charge. If some 
electricity has been removed from a surface, #0 
that there ws a deficiency there, that surface is 
said to have acquired a negative charge. In the 
experiment above-desoribed of charging a glins 
plate from av strong battery, the act of charging 
consists in producing a posttiec charge on one 
face and an equal negative charge on the other face. 

A more convenient way to study the matter ts 
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Then join the battery to the two pieces of 
tin-foil with thin wires, connecting into the 
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circuit the galvanometer G (217) and the key § = a 
as shown in the diagram. The galvanometer { = 1% - 
may be placed at either of the positions shown, © = ee ‘i 
In fact, its particular position in the cireuit “= sos 
is immaterial. All being ready, let contact wit my 

\ 





be made by pressing down the key. It will 
be quite impossible to find any trace of 
current of a steady kind, for as a matter 
of fact, the glass shect lies across the path 
and completely cuts off all current from flow- 


219 


to arrange the apparatus as shown in 218 and 
219, with a discharge circuit as well as 4 charge 


218 


ing. And yet, if the experiment be very care- 
fully made, and the galvanometer be sensi- 
tive enough, it will be found that when the 
key is first depressed there is a momentary 


circuit, worked by a Morse key, the middle-pomt, 
of which is connected to one of the tin-foils. 
The toe of the key, when pressed down by the 
apring below it, makes contact with the discharge 
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wire, When the handle of the key is depressed 
the discharge contact is broken, and instead the 
heel of the key makes 8 contact with the charging 
circuit, so that the battery can charge the sheet 
of glass. With this arrangement there will be 
observed in the galvanometer [G] a momentary 
movement of the needle, indicating a rush of 
current during charge, followed, when the key 
is released, by another movement of the needle 
in the opposite direction, indionting the rush of 
the current back, during discharge It will be 
found that these two rushes of current are 
equal. 

“Condensate: Any such arrangement of a 
layer of non-conducting material such as glass 
between two conducting coatings of metal is 
called a condenser, because it is thus able to 
condense electric charges upon its surfaces. 
If, in the experiment described, a shect of glass 
has been taken that is small, only small quantities 
of electric charges can be condensed upon it, 
and the effects it produces will be small, Unless 
a battery of 40 or 50 cells be available, the 
galvanometer will scarcely detect any effect 
unless the shect of glass has an available surface 
of 500 8q. in. or so. 

The term capacity is used to indicate the 
electrical magnitude of a condenser. It is found 
by experiment that the capacity of a condenser 
depends upon three things: (1) its surface, 
(2) its thinness, and (3) its material. The 
capacity of a condenser is directly proportional 
to its surface; other things being equal, a 
condenser that has an area of 1,000 sq. in. on 
each of its surfaces has twice the capacity of a 
condenser that has only 500 — Also, a condenser 
made of a non-conducting sheet that is 4 in. 
thick will have double the capacity of one of 
the same area and material that is } in. thick ; 
for the thinner the layer (so long as it is not so 
thin as to be pierced mechanically by a spark) 
the more powerfully does it permit the con- 
densing action to go on. Lastly, the different 
kinds of non-conducting material have each their 
own specific quality; thus a mica plate has a 
greater capacity than a glass plate of equal size 
and thickness. 

Large Capacity Condensers. Inorder 
to obtain condensers of large capacity it 1s 
necessary to use more than one sheet. For 
example, if we have 50 sheets of thin mica, each 
6 in. long and 4 in. wide, we may arringe them 
to make one condenser having a large surface 
by piling them up on one another with tin-foll 
shects between them in the following way. The 
tin-foil sheots 
are cut in the 
shape shown in 
220, each with a 
projecting lug. 
of such a size as 
to leave a mar- 
gin all round ex- 
cept where the 
lug projects. One of these is laid down on a table 
with ee towards the right, and a sheet of 
mica P over it. On the mica is laid a 
second sheet, with its lug projecting towards the 
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left ; then another piece of mica; then a third 
tin-foil with its lug to the right; then another 
piece of mica, followed by a fourth tin-foil with 
its lug to the left; and so on with the whole 
series, alternate lugs projecting to right and to 
left. When completed, the pile is cl4mped 
together securely, and all the lugs of odd number 
are joined together to make one terminal, while 
all those of even number are clamped together 
to make the other terminal of the condenser. 


Dielectric Capacity of Materials. 
Faraday made a number of condensers of different 
materials, but all of the same size, to see whether 
they had equal capacities. One of these con- 
tained only air between the two metal surfaces, 
and as this was found to have a smaller capacity 
than the others air was taken as the unit for 
comparison of one dielectric with another. 
Faraday gave the name of dielectric to any 
material which will thus act as a condenser, 
meaning by the term that electricity can act 
inductively across the material, though no 
electricity passes through it, All dielectrics are 
non-conductors, but two different non-con- 
ductors that are equally effective as mere non- 
conductors may differ considerably in specitic 
dielectric capacity. Air being then taken as the 
unit, the dielectric capacity of other materials 
run from wax, which is about 2, indiarubber and 
gutta-percha, which are about 24, and glass, 
which varies from 2} to 34, up to 5 or 6 for 
mica. Glass is too brittle for most purposes, 
and air will not do, because it is too easily pierced 
by a spark, besides affording no sapahanieel 
support to the metal conductors. Mica has two 
advantages, in that it can be split very thin and 
yet remain strong. and that its specific dielectric 
power is high. But large sheets of it are expen- 
rive. If strong tissue paper, resembling bank- 
note paper, be thoroughly dried and impregnated 
with pure melted paraffin wax it forms shects 
that are excellent for condensers, and to which 
the necessary tinfoil coatings adhere readily. 
The condensers used in submarine cable service 
ure usually made of paraffined paper. 

Charge in Relation to Capacity. 
A charge being a quantity of electricity, the 
amount of it can be expressed in coulombs. The 
amount of charge that can be condensed in a 
condenser depends on two things—(1) on the 
capacity of the condenser ; and (2) on the volt- 
age used to drive the electricity into the con- 
d-nser. Suppose we had a condenser of such a 
riz» that on applving an electromotive force of 
1 volt, the quantity of charge that ran into the 
condenser at one side (as an equal quantity ran 
out of the other side) was one coulomb, then we 
should describe that condenser as having a 
capacity of one farad. But such a condenser would 
be impossibly large and expensive, and the 
practical standard of capacity is a condenser of 
only one-millionth part of the capacity named, 
and such a standard is described as having 
1 mscrofarad of capacity. The quantity of elec- 
tricity that runs in or out of a condenser can 
then be calculated by multiplying together the 
number that fepresents the capacity in micro- 
farads and the number that represents the volt- 


of the battery, and then dividing the pro- 
dant by 1,000,000. Thus, if a battery of 120 
volts be applied to a condenser having a capacity 
of 1°56 microfarads, the charge will be 120 x 1:5 + 
1,000,000 = 0°000180 coulombs. 
Grouping of Condensers. Just as it 
is convefiient in diagrams to use symbols for 
batteries and for galvano- 
—-fa===! - meters, 20 it is also useful to 
Sreso. o conoensen WHO AB SyMbol for a condenser. 
291 This symbol [221] consists 
of lines drawn in such a way 
as to suggest the sheets of metal foil separated 
by a non-conducting space or layer. 
Accordingly, two condensers in parallel with 
one another would be represented by 222, in 
which the two + terminals of 
the two condensers are joined, 
and the two — terminals are i 
also joined together, making \. 
virtually one large condenser. = 
If, for example, one had a 
capacity of 3 microfarads and 
the other 2 microfarads, the two 
in parallel would have a capacity of 5 mtcrofarads. 
Fig. 228 represents two condensers joined tn 
aertes, OF, a8 it in BOMe- 
times called, in cascade. ~ 
In this case the combina- eS. =>.. 
223 
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tion will act like a con- 
denser of smaller capacity 
than either of them = sep- 
arately, for we have increased the total thick- 
ness in the amount of dielectric interposed across 
the circuit without adding to the area of either 
condenser, The equivalent: capacity of | the 
combination can be found by calculating the 
reciprocal of the sum of the reciprocals of the 
separate capacities, = Thus, if the separate 
capacities of the two condensers are 2 and 3 
microfarads, the joint capacity will be 1: 
(hid) Lz y- GV! mecrofarads. 

The Leyden Jar. It is more than » hundred 
years since the property of condensers was dis- 
covered, and the form which the apparatus re- 
ceived war that of a glass bottle or jar, coated 
inside and outside with a conducting coating. 
The very first Leyden jar with which electric 
shocks were obtained was a glass phial partly 
filled with water, while the moist skin of the 
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hand which held it formed the outer coating. 
Later, these jars were made up in the form shown 
in 224, having inside each for convenience a 
metal rod, which passed down into the interior 
to touch the inner coating, and which was 
terminated at the top in a polished brass ball. 
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In old days these jara were charged by 
means of a Jriction machine, the sparks from 
which were sent into the brass knob, while 
the outer coating was connected to the earth. 
Such a jar cannot be charged if it stands on an 
insulating stand —for, as we have seen, in the 
act of charging as much electricity runs out of 
one coating as runs into the other. When a 
Leyden jar (or other condenser) has been 
charged, it can be discharged by connecting a 
conductor, such as a bent piece of wire, from 
the one coating to the other—that is, from tho 
outer tin-foil to the knob. The instant. that this 
ix done the surplus from one surface rusher round 
to fill up the deficit at the othor surface, thore 
ix a bright snapping spark, and the jar is dis- 
charged. If this discharge takes place through the 
human body a very unpleasant shock is tho result. 

Seat of the Charge. It was stated above 
that the seat of the clectric charge is at the sur- 
face of the glass or other dielectric. The sheet- 
metal coatings are, in fact, mere conductors or 
eleetrodes that enable the clectricity to flow to 
or from the surface whereon it is to rest as a 
charge. This is easily proved by taking a glass 
pheet and charging it by means of two loose sheets 
of tin-foil. If these are then carefully removed 
separately in such a way a not to make a circuit 
between them, it ix found that they are not. 
electrified. But if they are replaced, or if two 
other preees of foil are placed upon the surfaces 
of the glues sheet, it will be found that the shoot 
will then give a spark when it ik discharged. 

Benjamin Franklin devised a dissect ible Leyden 
jar. the metal covers of which could be taken 
off. With this he demonstrated that the charges 
reside on the glass, not on the metal coatings. 

Energy of the Charge. It will, there- 
fore, appear that the condenser does not really 
store any electricity, secing that) when being 
charged as much electricity runs away at the 
negative side asx enters at the positive side. 
That which is stored in the condenser or Leyden 
jar is not electricity, but energy. Work has to ho 
done in the process of charging, just as work has 
to be done upon a spring in the act of bending it. 
In the condenser as Jong as it remaing charged, 
or in the spring as long as it remains bent, the 
work that has been done is stored up as potential 
encrgy, and afterwards that energy can be given 
out again. The condenser during discharge gives 
uk back the clectric energy that manifests itself 
by spark or shock. The bent spring during its 
recoil gives us back ith energy as on visible 
motion. The energy given to the spring in bending 
it ix equal to the product of the average bending 
force multiplied by the distance through which 
the spring has been bent af the place where the 
force is applied. Thin average force ix equal to 
half the maximum force ; hence, if { stands for 
the force and d for the displacement, the energy 
will be proportional to half df, Similarly with 
the condenser: If Q represent the amount of 
electricity that has been displaced in or out 
during the charging, and V the eloctromotive 
force used in the charene the energy of the 
charge will be represented by } Q V. 
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CENTRAL & SOUTHERN AFRICA 


The Congo and Zambesi Basins. British Central Africa Protectorate. Portu- 
guese East Africa. British South Africa. Cape to Cairo Railway. Islands 





By Dr. A. J. HERBERTSON, M.A., and F. D. HERBERTSON, B.A. 


[AKE CHAD lies in a depression  sur- 

rounded by higher ground, so that it 
has no outlet to the sea. It is a shallow, 
marshy lake, studded with many islands, and 
varies considerably in size in the wet and 
dry seasons. 

The Cameroons and French Congo. 
Between the Niger and the Congo lie the 
German colony of the Cameroons and French 
Congo. The former rises from the steamy, 
swampy, mangrove-fringed, coastal plain to 
the grassy terraces of the plateau, reaching 
12,500 ft. in the volcanic Cameroons Peak. The 
forests produce oil palms, rubber, kola nuts, 
ebony, ete. French Congo, which 3s broadly 
similar, extends north to the Sahara between 
Leake Chad and the frontiers of the Egyptian 
Sudan, and is continuous with the other African 
possessions of France. 

The River Congo. The basin of the Congo 
(3,000 miles) occupies most of equatorial Africa 
[180]. Flowing through one of the rainiest 
regions in the world, the volume of water 
carried down to the sea by the main stream 
and its innumerable tributaries is enormous. - 
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The Congo rises as the Chambesi in the 
mountains south of Lake Tanganyika, and is 
already a great river when it enters the ae 
of Lake Bangweolo, from which it issues as the 
Luapula, a river as wide as the Thames at 
London. It now begins to descend, falling 
1.200 ft. before it reaches Lake Moero. Still 
descending rapidly after issuing from that 
lake it receives the great Lualaba from the 
south. Not far below the confluence the 
Lukuga enters on the right, bringing down at 
certain seasons the surplus waters of Lake 
Tanganyika, the long, narrow rift valley Jake 
to the east, lying nearly 3,000 ft. above the 
sea, in a decp chasm shut in by forested moun- 
tains. At Nyangwe, less than half-way to the 
sea, the Congo, which has received innumerable 
tributarics from the mountains, forests and 
lukes of the surrounding region, 1s a mile broad 
and still descending rapidly. Almost on the 
equator it forms Stanley Falls, a series of seven 
cataracts with open water between, extending 
over a distance of 56 miles. The Aruwimi, 
which has risen quite near the Nile, comes in 
from the east, flowing through densely forested 
country. Between the Aru- 
wimi and the Welle, which 
rises Near it, the country is 
inhabited by agricultural 
tribes, who have many 
villages in the forest clear- 
ings, surrounded by plan- 
tations of maize, banana, 
millet, tobacco, etc. The 
Main stream 18 now enor- 
mous in breadth and volume, 
often breaking up _ into 
parallel channels, which ex- 
tend over several miles of 
country. Insome maps this 
part of its course is shown 
as a long, narrow lake. 

Forest Scenery of 
the Congo. Sir H. M. 
Stanley has vividly de- 
scribed the dense equatorial 
forest through which this 
network of rivers flows. 
“Some of the islands seem 
to be aflame with crimson 
colouring, while the purple 
of the ipomea and the gold 
and white of the jasmine 
diffuse a sweet fragrance. 
These islands are not mere 
things of beauty ; the tall 
palms are perpetual foun- 
tains of sweet juice which, 
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when effervescing, afford de- 
light to man. The golden 
nuts of other trees furnish 
rich yellow fat, good enough 
for the kitchen of an epicure. 
The fengths of calamus are 
useful fpr flooring and 
verandah mats, for sun 
screens on river voyages, for 
fish nets and traps, for field 
baskets, market hampers, 
and especially for the con- 
struction of neat, strong 
houses and fancy lattice 
work. That pale white 
blossom is the caoutchouc. 
For the enterprising trader 
there is a ficus, with fleshy 
green leaves. Its bark is 
good for cloth. and its soft, 
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spongy fibre will he used in abate 
the future for paper. Look | S°UT#: -f 
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fibres, prepared by the dex- 
terous natives, will make 
the stoutest hawsers, the 
strength of which no fibre 
can match. See that soft pale-green moss drap- 
ing those tree tops; that is the orchilla, trom 
which a valuable dye is extracted. I need not 
speak of the woods, for the tall, dark forest on 
bank and isles seems to have no end.”’ 

The Lower Congo. Below Equatorville 
comes in the Welle, through similar forest 
country. The river gathers into a single 
narrower, deeper stream, and then widens out 
to the lake of Stanley Pool, shut in by white 
cliffs known as Dover Cliffs. 

At the lower end of Stanley Pool, 1,100 ft. 
above the sca, the Congo begins its final 
rush down the last terraces of the plateau 
to the coastal plain. “It first precipitates 
itself with awful force down a five-mile 
slope, a succession of leaping waves, which 
from crest to crest might be about 300 ft. 
apart; then through a serics of mad rapids, 
separated by short stretches of swift but steady 
flow, it is confined for 75 miles by the towering 
rock barriers of a cafion from 300 to 600 ft. 
below the level of the opposing suminits of 
the cleft land ; then for &8 miles it 16 tolerably 
safe for navigation; then comes another 60- 
mile rush, roaring cataracts alternating with 
noisy rapids, through the deep, rocky heart 
of the mountains, till finally the last plunge 
has been made down the Yellala Falls. A few 
miles below it leaves this sinuous and rocky 
gullet a navigable river for 110 miles, and flows 
by factories, villages, and towns to be presently 
vexed by the churning screws of ocean steamers.” 
The current is too strong for the formation of a 
delta, and the Congo enters the sea by a broad 
estuary. 

The Congo Free State. Politically, 
most of this region belongs to the Congo Free 
State (officially entitled the Independent State of 
the Congo), under Belgian control. Rubber, 
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ivory, palm oil, and other tropical produce are 
collected by natives and brought to Leopoldville 
on Stanley Pool, the centre of the trade with 
the interior. It is the terminus of a line 250 
miles long, built from Matadi, below which the 
river is navigable, to avoid the rapids of the 
Lower Congo. From Matadi the produce of 
the Free State is forwarded to Boma, 60 miles 
from the sea, which is in regular steamer com- 
munication with European ports. 

The Zambeai. The Zambesi (1,600 miles) 
is the shortest of the great African rivers [181]. 
It rises at aheight of nearly 5,000 ft. in the Dilolo 
swamps, . hich at certain seasons also feed 
affluents of the Congo. In its relatively short, 
steep course to the sea the Zambesi receives 
many tributaries, which should be Jooked out 
on the map. As it cuts its way down the 
terraces of the plateau it is broken up into 
rapids, narrows, and cataracts, many of im- 
posing beauty. Between these obstructions are 
navigable stretches, where the land is flat and 
the nver flows between low, reedy banks, in- 
undating the surrounding country in flood. 
Such is the Barotse region of the upper Zambesi, 
a grass land on which cattle are kept In vant 
numbers. The valleys both of the tributarics 
and of the main stream are skirted on both 
sides by rich forest, and the many islands are 
also richly wooded. The finest of the many 

‘and cataracts of the Zambes arc the famous 

ictoria Falls, the grandest in the world. Above 
the Falls the river is a noble stream over o mile 
wide, flowmg between walls of forest. It 
plunges abruptly over # rocky ledge into an 
oi a over 400 ft. deep, with an indescribable 
volume of spray und a thunder of sound. It 
then flows for 40 miles through the narrow, zigzag 
Batoka gorge. Just below the Falls the river 1s 
crossed by the railway line from the Cape. 
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There are navigable stretches of considerable 
length between the Victoria Falls and the last of 
the Zambesi cataracts, the Kebrabasa Falls. 
Between these and the Lupata Narrows are 
large deposits of coal, which will before long 
be of commercial importance. At the Lupata 
Narrows the river contracts to 1,000 ft., flowing 
in a gorge between high rocky walls richly 
diversified with vegetation. 

North-West and North-East Rhodesia lie to 


the north of the Zambesi, the lower course of. 


which is through Portuguese territory. 

The Shire Highlands. 150 miles from 
the sea the Zambesi receives on its left bank 
its most important though not its largest 
tributary. is is the Shiré, from Lake Nyasa, 
another of the deep rift lakes of Central Africa. 
The middle course of the Shiré, like that of all 
African rivers from the plateau, is broken by 
falls and rapids, which interrupt navigation 
for 60 miles. It forms an important route 
from the Indian Ocean to the British Central 
Africa Protectorate and the north-east of North- 
Eastern Rhodesia, British territory which extends 
to the shores of Lake ‘Tanganyika. 

British Central Africa Protectorate. 
The highest parts of the plateau, which rises 
in the south-east to Mount Mlanje, 9,600 ft., 
are grass lands. Elsewhere the vegotation 1s 
tropical in character. All the most valuable 
products of tropical Africa, including rubber and 
the oil palm, are found. The chief crops culti- 
vated by British planters are coffee—a native 
of the region, though the cultivated plant was 
introduced from the Botanical Gardens of 
Edinburgh by Scottish planters—cotton, and 
even wheat. The country, though not very 
healthy, is developing. Steamers run on Lakes 
Nyasa and Tanganyika. The largest settle- 
ment is Blantyre. The administrative capital 
is Zomba. 

Portuguese East Africa. The lower 
Zambesi, some two or three miles broad, crosses 
Portuguese East Africa, an unhealthy region, 
exporting rubber and other forest produce. 
The delta which begins 90 miles from the coast, 
is of the usual swampy character, subject to 
periodical floods, and held together by mangroves. 
The Chinde, with a port of the same name, 
is the only mouth practicable for large stcamers. 
North of the delta is the territory of Mozam- 
bique, with a capital of the same name. 
South of the delta is the port of Beira, connected 
by rail with Salsbury and Bulawayo, on the 
Cape to Cairo line in process of construction. 
The busiest commercial town of Portuguese East 
Africa is Lorenco Marques, on Delagoa Bay. 

Angola and German South = Weat 
‘Africa. South of the Congo the rainfall 

decreases rapidly, and the country gradually 
becomes an arid region, similar to that in the 
corresponding latitudes north of the Senegal. 

Angola, a Portuguese colony, rises from un- 
healthy coastal lowlands to the plateau, which is 
forested in the north, a savana in the centre, and 
arid in the south. Coffee is largely cultivated 
and exported from Ambriz, S. Paolo de Loanda, 
Benguela and Mossamedes. 
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German South-West Africa is an arid region 
of little economic value. The administrative 
centre is Windhoek, to which a line is built 
from Swakopmund near Walfish Bay. 


British South Africa. The rest of Africa 
south of the Zambesi is British. It con- 
sists of Cape Colony in the south, Natal on 
the south-east coast, and inland the Orange 
River Colony, the Transvaal, the Bechuana- 
land Protectorate, Matabeleland, and Mashona- 
land. 

South Africa consists of four well-marked 
regions—(1) A low coastal plain of varying 
width which is narrowest in the south-west, 
where the high rugged edge of the plateau 
comes down to the sea in Table Mountain, 
Cape Agulhas and other spurs. (2) Two 
series of ranges running parallel to the 
south coast, with the Little Karroo between them 
and the Great Karroo, beyond the inner ranges 
of the Zwartebergen. (3) Rising ehove the 
coastal plain and the Great Karroo the irregular 
margin of the plateau, which from below 
appears as continuous ranges of hills or moun- 
tains. The valleys which penetrate this margin 
grow nafrower and steeper as the traveller 
ascends, and the spurs which enclose them 
become more mountainous in character. This 
high, irregular edge of the platcau is called the 
Drakenberg or Quathlamba Mountains in the 
south-east and east. Its finest scenery is in 
Basutoland, the Switzerland of South Africa, 
where Cape Colony, Natal, and the Orange River 
Colony meet. Here the land rises to 11,000 ft. 
in Mont aux Sources, from which flow the 
rivers Orange, Tugela, and a tributary of the 
Vaal. The precipitous edge of the plateau rises 
high above the undulating lowlands of Natal, 
and the rivers break their way down in cascades 
hundreds of feet high. (4) The immense interior 
tableland, flat or rolling, and diversified by 
isolated flat or pointed-topped hills or kopjes. 
Tt owes such beauty as it has to the sharpness 
and line of colour in the clear air, and to the 
wonderful atmospheric effects at dawn and 
sunset. 


South African Rivers. South Africa 
lies in the lee of the trade winds in latitudes 
corresponding to those of the Sahara. Its 
climate 1s consequently very dry. Many rivers 
marked on the maps are dry except after rain, 
and fail to reach the sea. The longest river, 
the Orange-Vaal, from the Mont aux Sources, 
flows west to the Atlantic. The short Tugela 
from the same highlands, and the Limpopo, - 
from the Witwatersrand of the Transvaal, 
flow east to the Indian Ocean. The Limpo 
and Orange, though extremely shallow in the 
dry scasons, are never waterless, but their tri- 
butaries are often reduced to a string of pools. 
After rain they become impassable raging torrents 
for a few hours, to disappear almost as quickly. 
Add to this that all are obstructed by rapids in 
their descent from the plateau and flow in steep- 
sided valleys, and it will be seen that the rivers 
have contributed little to the opening up of 
the country. 
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Climate. If South Africa were as broad as 
North Africa it would be a desert like the latter. 
In the west, the Kalahari is actually a desert, 
though of less forbidding extent and character 
than the Sahara. Elsewhere the influence of 
the sea counteracts the aridity, and renders the 
rainfall over most of South Africa sufficient for 
stockkeeping ; but the Karroos, shut in by 
mountain ranyes, are very arid. In the south- 
weet of Cape Colony the rain falls in winter, 
as in the Mediterranean, with which this part 
may be compared. Natal, like the east generally, 
has summer rains. The north-west is almost 
rainless. Everywhere the question of irrigation 
is important, especially for agriculture. 

The proximity of the ocean reduces the summer 
heat of the margins! lands. Cape Town, in the 
latitude of Gibraltar, is cooler in summer and 
warmer in winter. On the tableland the range 
of temperature for the year and even for 
the day is great. The nights are coo] for the 
greater part of the year. In the northern 
parts of the Transvaal, and in Rhodesia, the 
climate of the valleys is tropical, but the very 
high summer temperatures of the Sahara are 
never experienced. 

Vegetation. The coastal plain is fairly 
well wooded, with small patches of primeval 
forest on the seaward slopes above. The higher 
eal of the country is a vast area of grass 

and, passing into desert in the west, and into 
tropical forest in the valleys descending to the 
Limpopo and Zambe-i. The few trees are 
thorny acacias or mimogas and eucalyptus trees 
introduced from Australia and found round most 
of the homesteads. After ram, the Karroos 
and veldt become beautifully green, but with 
prolonged drought the country takes on a 
brown and parched appearance. The vegeta- 
tion of the Kalahari consists of thorny or 
succulent plants of the usual desert type. 

The flowers of South Africa, and of the Cape 
Peninsula in particular, are extraordinarily 
beautiful. They include many heaths, and some 
of the loveliest ornaments of our conservatories. 

The cultivated plants correspond with those 
of similar regions already described. In the 
areas of Cape Colony with winter rains, all 
Mediterranean plants ure or might be grown. 
Maize, or “ mealies,” is the chief cereal every- 
where in South Africa, but wheat is grown round 
the Cape and in the east of the Orange Colony. 
The production of wine is increasing. In Natal 
we find the products of monsoon lands. Tea is 
grown on the seaward slopes of the northern hills, 
and sugar, bananas, oranges, rice and tobacco 
are also cultivated. The Karroos and veldt are 
too dry for cultivation, except when irrigated, 
and are essentially a pastoral country. 

Minerals. The mineral wealth of South 
Africa is enormous. The diamond mines of 
Kimberley. in Cape Colony, are the richest in 
the world. The deposits of gold in the Witwaters- 
rand of the Transvaal are of incalculable value. 
Gold is also abundant in Rhodesia. The useful 
metals will become of more value as that of the 

Id and diamond mines decreases. Coal is 

to some extent in all the colonies. 


Occupations. At the t time the 
mining interest, ig 2 by the introduction of 
indentured Chinese labour, is in the ascendant. 
It must, however, not be forgotten that mining 
tends ultimately to impoverish a country, not 
to enrich it. In its vast pasture South 
Africa has a more | geen source of wealth, 
and wool, hair and ostrich feathers may prove 
in the long run of more value than gold or dia- 
monds. The veldt and Karroos are at present 
thinly settled, partly because the thinness of the 
covering of vegetation makes a great extent of 
pasture nec . The future of agriculture is 
bound up with the question of irrigation. Manu- 
factures hardly exist, and towns are few and 
small relatively to the vast area of the country. 
The chief disadvantages of South Africa are the 

climate, the absence of navigable rivers 
and timber, the scourge of locusts and the 
diseases of plants and animals, as well as the 
want of racial unity. 

Peoples. Two kindred European races— 
the English and Dutch, both endowed with 
fine qualities, at present regard each other 
with suspicion. This is least marked in Cape 
Colony, where the mining interest is less prom- 
inent. Opposing economic interests, as every- 
where else, count for more than community of 
race, 

The native races of South Africa represent 
well-marked stages of economic development. 
The diminutive Bushmen depend chiefly on 
what Nature offers, and neither keep stock nor 
practise agriculture. The Hottentots are a 
pastoral people. The finest native race is the 
tall Kaffir, of Banta stock, who possesses animals 
and practises agriculture. This race alone is 
likely to escape the destiny by which lower 
races disappear before the ad oanee of the 
higher. 

Cape Colony. This is our oldest South 
African Colony. It is chiefly pastoral, producing 
wool, hair, ostrich feathers, tobacco, and some 
wine and brandy. It has few good natural har- 
bours, and no navigable rivers. Cape Town, the 
capita] and chief port, 18 magnificently situated 
between mountains and the sea. Simonstown, 
in the vicinity, is a naval station. Port Eliza- 
heth, on Algoa Bay, is built in a bare region, 
surrounded by low hills. East London is the 
port in this colony nearest the Transvaal, to 
which most of its imports go. Grahamstown is 
the chief inland centre in the east, and Kimberley, 
which owes its prosperity to the diamond mines, 
in the north. 

Natal. Natal is more diversified in surface 
than Cape Colony, and has a hotter summer 
climate. The coastal regions are very fertile. 
There is a smaller proportion of waste land than 
in any other colony. Tea, coffee, bananas, 
and all manner of tropical produce are raised 
near the coast. Stockkeeping is the chief 
occupation up-country. Durban is the port, 
and Pietermaritzburg the capital. North of the 
Tugela. but included in Natal, is Zululand, 
containing some of the finest pasture land in 
South Africa and considerable stores of coal 
and gold. 


Ths b gram land, engaged 1 
is is & grass en, im 
cattle and sheep breeding, with 

icultural in the east, and 
diamgnd mines in the south- 
west. The only considerable town 
is Bloemfentein. 

The Transvaal. The 
Transvaal is a grass land, with 
warm valleys opening to the 
Limpopo. These are well wooded, 
but unhealthy. Little land is 
yet under cultivation, though 
much is well suited to agriculture. 
Stockkeeping the oe sae 

tion on the thinly- I 
peldt, where the ca ital Fe Pro. 
toria. The mining interest and 
dense population centres in 
Johannesburg, the largest and 
richest town, the middle of a belt 
of gold mines 50 miles long Coal 
is mined at several centres, and 
a rich diamond mine is exploited 
east of Pretoria. 

Rhodesia. The greater part 
of Southern Rhodesia consists of 
undulating, grassy downs, or else 
low forest. land, sinking to the 
dry Kalahari in the south-west, 
to the Limpopo in the south-cast, 
and to the Zambesi in the north. 
Gold-bearing quartz reefa are 
numerous. Coal is mined at 
Wankie on the railway between 
Bulawayo and Victoria Falls. 

The country is less dry than 
that to the south, as it lies in 
the belt of tropical summer rains. 
Below an altitude of 4,000 ft. 
fever is very prevalent. The 
development of the country is 
only beginning. The capital is 
Salisbury and the largest town is 
Bulawayo. 

The Cape to Cairo Rail- 
way. In a country which has 
no navigable rivers, and where 
immense distances must be tra- 
velled through thinly - peopled 
and poorly-watered country, the 
construction of railways is essen- 
tial to the development of the 
country A line has been built 
from Cape Town to the Zambesi, 
and will in due time connect 
with the railways of Egypt and 
British East Africa [188]. It 
climbs by the valley of the Hex 
River to the Great Karroo, which 
it crosses to Beaufort West. It 
then ascends to the High Veldt, 
and reaches De Aar Junction, 
whence branches run to Port 
Elizabeth, East London. and 
through Bloemfontein and Johan- 
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runs to Lorengo Marques. From 
De Aar Junction the main line 
continues to Kimberley, to Four- 
teen Streams (where the direct 
line to Johannesburg now leaves 
it), to Mafeking, Bulawayo, and 
the Zambesi, and is now ape 
to Broken Hill in North-West 
Rhodesia. From Bulawayo a 
branch goes by Salisbury to Beira, 
in Portuguese territory. 
African Islands. The 
French island of Madagascar 
(230,000 sq. miles) is low in the 
west, and gradually risus to » 
plateau which is highest in the 
east and sinks in stecp escarp- 
ements to the low castern coastal 
eee with its fringe of lagoons. 
© east has heavy summor rains, 
and is densely forested. The west 
is a much drier savana land. All 
forest porate are important, 
eapecially rubber. Tropical pro- 
duce of various kinds is culti- 
vated on the plateau. The 
western savanas ure inhabited 
by pastoral peoples. The mincral 
wealth is very great. ‘Tamatave 
is the port, from which a railway 
is being built to Antananarivo, 
the capital, on the plateau. 
Réunion (1,000 sq. miles) in 
also French. It is a beautiful 
volcanic island, richly wooded, 
and grows sugar, vanilla, coffce, 
and cacao on the plantations. 
The capital is St. Denis. 
Mauritius (700 sq. miles), for- 
merly the Isle de France, with 
its dependencies Rodriguez, the 
Admiralty Islands, the Seychelles, 
the Chagos Archipelago, and 
smallor mlands, is a  Britisti 
po session. Mauritius 1 a vol- 
canic island fringed with coral 
reefs. Port Louis, the capital, in 
the north-west, is the chief har- 
bour, from which a railway runs 
across and almost round the 
island The sugar-cane is tho 
mort important crop, and coco- 
nut palms grow round the coasts 
Two-thirds of the inhabitants are 


Were! coolies from India, but negrocs, 


Chinese, a8 well as French and 
English: ettlers, live on the island. 

ff the west coast are the 
Azores, Madvcira and Cape Verde 
Islands belonging to Portugal, 
the Canary Islands, with tho 
fine Peak of Teneriffe, belonging 
to Spain; and St. Helena and 
Ascension, belonging to Britain. 
All are volcanic. The Canaries 
and Madeira are famous for their 
fruite, wines, and vegetables. 

Continued 
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UNDERCLOTHING . 


Cutting Out and Making Camisoles, Underskirts, 
Bed-room Wear, Negiigees, and Dressing-Jackets 





c 


By AZELINE LEWIS 


FIG. 41 illustrates a French nightdress pattern, 

cut all in one, which is particularly com- 
fortable for flannel, as it fits somewhat closely 
at the back. This shape can easily be evolved 
from a bodice drafting. 

The centre-front is placed to the selvedge, 80 
that there is a seam at front and back. A piece 
will have to be joined on at the 
lower part to make the necessary 
width. The neck can be 
finished off with a collar, or 
in any way preferred, 
whilst the sleeve can be 
the same as the fore- 
going. This pattern 
also forms an ad- 
mirable one for a 
simple dressing -gown. 

Lastly, we have that known 
as tho “ djibeh ” shape, one of 
the later novelties, the idea 
of which was taken from the 
Turkish djibeh, which has no 
fastening, the garment being slipped on over 
the head [42]. This style, however, always 
requires a quantity of embroidery on the front, 
the back always being plain. Fig. 43 gives 
an idca of the shape. 

A to B is half entire chest measure ; 
this pattern requires to be fairly room 
across the chest. A to C, half nec 
measure ; A to D, one-third of same. 
The back neck is sloped down about 
lin. ; C to E about 5 in., for shoulder ; 
B to F, 8 in. Curve from E to F for 
front armhole. D to H, length of front ; 
H to I, 28 in. for front lower edge. Slope 
and cut aa shown, making hack 2 in. 
less than front. 
more if required. 
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41. NIGHTDRESS 
CUT IN ONE 


tucked to back. The edge. of course, must be 
embroidered and the neck drawn in by means of 
ribbon passed through buttonholed asijots, as 
marked in the diagram. 

The sleeves should be cut rather wider at 
the wrist than the usual shape, and they are 
finished off and drawn up in the same way 
as the neck part. 

For the drafting of an Empire yoke the worker 
should refer to TAILORING, cutting this, however, 
a little shorter. 

For a nightdress of average size, 5 yd. to 
6 yd. of 36-m. material must be allowed. 

Camisoles. The shape, style, and making 
of the camisole, or underbodice, are legion, but 
all with the exception of 46 are based on the 
bodice pattern, which may be utilised with 
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42. DJIBEI 
The sides can be sloped out 


The shoulder can be placed to the fold or 


one, two, or more side pieces and darts. The 
various portions are usually joined by a flat seam 
stitched at each edge, but in the more expensive 
and elaborate bodices the seams are united by 
veining or beading. 

Fig. 44 depicts a bodice of fine cambric in 
which all the seams are whipped and united in 
the manner above-mentioned, which has a very 
charming effect, but which should not be. 
attempted by indifferent workers, as it is 80 
easy to get the pattern out of shape. 

ig. 45 gives an American shape, the charm 
of which is that it requires no fastenings. It 
can be cut from the bodice pattern, as shown by 
the broken line, the front being extended from 
the shoulder into a point at the waist, this point 
depending on the size of waist, as it only needs 
to extend beyond the under-arm scam. The 
making of this corset-cover is a very simple 
matter, and the trimming can be added according 
to taste. 

Fig. 46 illustrates a drafting of a bodice cut all 
in one, in which the front seam comes on the 
cross. This, however, is a pattern better suited 
to slight than stout figures. I1t is made with or 
without an added basque, as preferred. For the 
drafting, take a piece of paper 1} times the 
length of back, and wider than half of 
chest measurement, and fold it in half. 
Divide length into three parts, mark 
them respectively A, B, and C, and rule 
lines at right angles. C to D, quarter 
of waist measure; B to E, half chest 
4A, measure. Rule a line from D through 
E to F. Fold paper at this line and 
mark G exactly under A. Open out 
again, draw a line from F to G, and 
mark A to H one-sixth of neck. Curve 
down } in. for back neck. 

G to J, quarter of neck measure ; draw line 
from HtoJ. BtoJ, half chest ; draw line frum 
Gtol. G to K, quarter of neck; curve from 
J to K for front neck. Extend 
I to L for length of front; 
measure C to L, half of waist, 
and finish front. M is midway 
between C—L and D. Curve as 
shown by the broken line. 

J to P, 4 in. to 5 in, as 
required for length of shoulder. 
H to O, the same. Lower the 
latter, raise the former 4 in., 
and draw shoulder lines. M to 
N, ai ae of underarm; curve 
from QO and P to the point for 
armhole, as shown, hollowi 
48. DJIBEH front a little more than bac 
DRAFTING For the basque, see Knickers 
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$0, or cut to the same as the lower 
ion of bodice just drafted, ing it a little 
. If tucks be required, extend fronts from 

K to L, the needed amount. 

Th8 sleeve can be any shape desired. 

Many isoles are made with full or tucked 
fronts, without darts, and for evening wear the 
shoulder straps are either of insertion and lace 
or ribbon, whilst very dainty corset-covers have 
been made from two hemstitched pockethand- 
kerchiefs. These, however, are all fancy affairs, 
which the maker can easily evolve from a 
design or imagination. 

Embroidery now forms, in many cases, the 
sole decorative finish of the more elaborate 
-camisoles, the fronts being ornamented in some 
pretty design worked in satin stitch, and the 
edge in buttonholed scollops, small slots being 
worked at intervals to pass the ribbon through. 
For such bodices, fine linen is generally used. 

Transparent insertions arranged in designs, 
with and without tucked centres, 
also form an important part of 
fine trimmed underwear. The 
insertion must first be tacked on 
the garment in the required 
design, care being taken to keep 
the two sides exactly even, and 
to tack it fairly closely at each 
edge. Various stitches and 
methods are employed in the 
working of such trimming, so no 
hard-and-fast rule can be given. 
In the cheaper forms the insertion 
is merely stitched at each edge, and 
then cut away on the wrong side. 
This, however, is not satisfactory 
for fine goods, as the edges soon 
pull and fray away from the inser- 
tion and quite spoil the look of 
the garment. 

en the insertion is tacked on 
the right side, cut the material 
through the centre of the design on 
the wrong side (using short, blunt- 
pointed scissors), snipping well any 
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Fig 


» 


curves to make these set well, as 46. UNDERBODICE -U7 IN ONE include 


in embroidery, then turn down the 

cut portion to the edge of the insertion on the 
wrong side, and oversew firmly and very closely 
together on the right side 
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45. CROSSOVER CAMISOLE 
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44. CAMISOLE WITH VEINED SEAMS 
Irish work the two edges are sewn together by 
means of satin stitch, forming a raised edge, and 

then cut away afterwards. Again, some 
_ workers buttonhole the edges of insertion 

’ to material, whilst others unite the two by 
. & stitch somewhat similar to that in the 
German scam, and others whip the 
edges on the wrong side. The mothod, 
however, is not iniportant, pro- 
vided the result be noat and 
strong, and the above directions 
give as good a result as any. 
Use very fine ombroidery cotton 
or Harris's lace thread, No. 80 or 
100, the latter being excellent for 
the purpose. Fig. 47 shows the 
mothod above-described for trans- 
parent insertions: (a) tho insertion 
sewn on and material cut through 
on wrong side ; (b) the insertion 
sewn on and edges neatened. 

From } yd. (or less) to 14 yd. of 
36-in. material is usually required 
for a corset-cover. 

Petticoats. As the majority 
of petticoats are now cut on tho 
linca of a good skirt, being either 
: 3 or 6 ee affairs, we have only 

the drafting of a plain 

gored one intended for flannel, but 

vhich can be casily lengthencd or have a 
flounce added for an underskirt. 

Front Wiptn. A to B, one-sixth of waist; 
A to C, 1} in.; C to D, length, plus 4 in. (giving 
two tucks | in. deep) for tucks and 2 in. for hem ; 
B to E, 4 in. more than C to D. 

Sipe Gore. A to B, half of waist, Jess 2-in. ; 
AC, one-twelfth of waist measure; (' to D 








corresponds with B to E of front width, and 
B to E the same 
Bacx Gorg. Ato B, half of waist, plus 1 in. ; 


C to D and B to E are the same as in the pre- 


ceding gores [48]. 

Yoxe Bann. See Diagram 30, making it, 
however, a little more pointed in front. 

This petticoat, if of flannel, must have 
the seams herringboned, whilet the lower edge 
can be festooned (21), or it can be finished off 
with a lace or scolloped frill, or one composed of 
lace and ribbon. 
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Princess Pattern. 
This can be drafted from a 
bodice and skirt, but full 
directions for the drafting 
of a Princess dress are given 
in irs pile which can be 
sim plified for a petticoat—+.e., 
made with only one art aga P 
also shorter and leas full. 

Many jupons are now made 
with top of ey Te 
material and removable flounces, the latter 
being secured to the foundation by buttons and 
buttonholes, or by ribbon passed through slots 
in both flounces and foundation. 
For the slots, see CHILDREN’S 
CLOTHING. 

Fig 40 illustrates the method 
of finishing off the waist part 
and placket-opening of an ordi- 
nary petticoat. The strip for 
neatening the waist must be cut 
on the cross to set well. In some 
cases, this is piped to make it 
stronger, but the cord must be 
very fine or it will make a ridge. 
The average quantities for petticoats are 3 yd. 
of flannel, and 4 yd. to 6 yd. of 30-in. goods for an 
underskirt, with one or two plain frills, but an 
elaborate silk one will need 
7 yd. to 9 yd. In calculating 
for such petticoata, the neces- 
sary quantitics of which vary 
very much, it may be some |, 
guide to reckon 3 yds. of 
30-in. material for the upper 
part, and then add on what 
may be required for the 
flounces. Directions for cal- 
culating the quantities were 
given in DrEssMAKING. 

Bed-room Wear and 
Negligees. Under this head- 
ing we may include dressing 
and bed jackets, and various styles of moining 
and dressing gowns. 

As in all other classes of garments, the shape 
and varicty is infinite, and it would 
be impossible to deal with all, but 
the student who has followed the 
course should be able to construct 
any design she wishes by the aid of _, 
the diagrams given and a bodice wy 
pattern. 4 

As the dressing-gown with a 
Watteau pleat at back is always 
more or lees a popular shape, we 
have selected this as an example. 

No. 50 gives the diagram, which, §1. warrrau 
as will be seen from the broken PLEAT 
lines, is cut from the bodice 
pattern, the pleat being added at the back, as 
well as the required length from the waist. The 
broken lines and crosses indicate the portions 
which are not to be cut out. 
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48. GORED 












FLANNEL PETTICOAT 





49. WAISTBAND OF PETTICOAT 





50. WATTE\U DRESSING-COWN 





Pdertenaptiee yeaa oan cS ase oe 
iling shape, if a dou gar. 
i , ment be desired, extend the 

right front as much as may 





be liked beyond the {fold of 
centre, ich should be 
eta A mar 

The Watteau pleat should 


have the two edges care- 
fully seamed up on the 
wrong side, opened and 
» pressed, and then be turned 
inside out like a bag, and 
with the seam 


even with the centre fold. 

No. 51 shows the pleat made and ready to be 
secured to the back neck, as shown by the two 
croases, when it will be sewn in 
with the neck-band or collar. It 
should be drawn a shade tight, 
t.e.. not allowed to hang slack, 
which will keep the pleat out well 
in the shape at the lower part; 
but, of course, it must not drag in 
any way. For such a gown, 4 yd. 
to 5 of 44-in. goods will be 
needed, without turnings. 

A yoke dressing-gown can be 
cut on similar lines to the night- 
dress shown in Diagram 40, allowing, of course, 
extra fulness at front and back, and sloping 
out the side seams. The neck of yoke may be 
rounded if wished, or it may, 
of course, be made in pointed 
style, whilst for the cutting of 
an American yoke full direo- 
tions were given in Dress- 
" MAKING. 

A “Kimono” shape can 
be evolved from No. 50 by 
making the fronts a little 
wider and sloping off from 
the shoulder to about the 
waist part. The back may be 
. Shaped slightly, but the gar- 
ment beloved in the Land 
of the Rising Sun is innocent 
of any shaping and fulness. 

Teasgowns. The tea-gown forms a class 
in which elaboration and trimmings have 
quite put into the shade its 
original idea and meaning of a 
simple, \oosely-fittng robe to be 
donned in the intimacy of one’s 
tl shee a 

e Empire yo style 
mukes up very charmingly for such 
gowns, and is capable of much 
ornamentation. For the drafting 
of an Empire yoke or bodice see 
TaILoRina, where full directi 


: 


eat the top, all is necessary is to 
foe, notes), maces! teore, st centre, heck 
nt. 


This 


elbow sleeves, 


current fashion papers. 


Dreasing Jackets. Here again the 
variety in make and style is infinite, but 
the majority of dressing jackets are 
made either in sacque or yoke form, 
with or without collars, as preferred, 
and these, we think, the worker will 
be able to manage for herself with tho aid 
of the preceding diagrams and explanations 
selected 
a combing wrap of charming simplicity 
of make and arrangement, capable of 
being made into either a fascinating 
shoulder covering and adornment, or 
as an addition to the wardrobe for 


We have, however, in 52 


indoor wear. 


As will be seen, it consists of three 
parts—front, back, and armhole frill— 
the latter taking the place of sleeves, as 
the sides are open and the garment is 
merely passed over the shoulders [58]. 

For a combing wrap, cambric, muslin, or 
flannel can be employed; but for the second- 


named purpose, oriental- 
patterned silk would be the most 
suitable, edged with a fold of 
plain cross-cut silk, satin, or 
velvet. About 2 yd. of 
36-in. material should suffice 


for this wrap, in which there « 


ate only two seams and no 
fastenings. 

Tiagram 55 gives a drafting 
of a jacket, either for combing 


purposes or for invalid use, 


seams extending to the neck, which makes for 
ease in slipping on, an important matter in 


will form an exopptionally graceful 
gown with the neck part finished off with a fichu need 
of soft silk, net, lace or muslin, and 

whilst one or 
more frills could finish off the skirt 
edge. Fer other and more elaborate 
styles, the worker should consult the 





the case of invalids. If necessary, the jacket 
not be joined at the underseams, 
but only at the armholes to the 
neck, so that it can be slipped 

round the shoulders and fasten 
buttons and buttonholes or ribbons, 
i the sleeves being drawn up like 
i those of the “djibch” style, or left 

loose [54]. 

The broken lines show the varia- 
tion in this pattern from the ordinary 
shape, so that it could be cut like 

68. COMBING wrap the other garments from a_ bodico 
pattern. By following these broken 
outlines the ordinary sacque shape would be 
obtained, but for elderly people or invalid use the 
Raglan shape (shown by the firm line) 
is infinitely preferable. The double 
broken lines show the full sleeve sketched ; 
the thick line the plain Raglan sleeve, 
which is better for invalid use. If made 
of cambric, the seams should be of the 
) French variety, but if of flannel they 
must be herringboned down quite flat. 
About 2 yd. of 36-in. matorial will be 
required for this jacket. 
An excellent shape for an invalid night- 
dress is the “djibeh"’ shape, made 
to fit closely at the neck and fastened at 
the shoulder, the upper part of slecve level 
ae with this being left open and 
rN ‘TE=] {| fastened when on by buttons 
and buttonholes, or tapes and 
i| ribbons. If necessary, one side 
| Seam could also bo arranged to 
| faston in the same way [42 
and 48}. 

As it has already been pointed 
ont ir ire peeuly of this 
Class of work depends upon tho 

peg p oe finoness and axcollence ol the 
needlework. It ix practically impossible for 
an indifferent worker to produce dainty and 
attractive lingerie. 


Onderclothyng concluded 





54. DRESSING 
SACQUE 





55. DRAFTING OF DRESSING 


the armhole 
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FOOD SUPPLY 


BISCUIT MAKING 


How the Materials Used are Prepared. Shaping and 
Baking Wafers and Confectionery. Ship and Dog Biscuits 





By CLAYTON BEADLE and HENRY P. STEVENS 


E dainty and attractive articles of food 

called biscuits, in the form in which they are 
known to-day, are essentially modern innovations, 
and the industry connected with their intro- 
duction and also of the machinery necessary 
for their manufacture are essentially English. 

The Biscuit Industry. The term biscuit, 
spelt in various ways, can, however, be traced 
back for many centuries. The origin of the 
name, according to Gibbon, the historian, has 
reference to the practice of twice baking bread 
in a — manner when it was required for 
ba ong voyages, or for military ae 

he method of baking the goods as indicated 
by the name has not, however, been preserved 
to any large extent. Some few well-known 
biscuits, notably the ruske of various kinds, 
are still twice baked. The only other instance of 
a double treatment in cooking is in the case of 
cravknel biscuits, where the material is first boiled 
and then baked. 

Previous to about 1830, biscuits of a certain 
character had been known and were appreciated 
amongst the élite of society. These biscuits, 
however, having to be mado entircly by hand, 
were comparatively high in price and were 
consequently the luxury of the few. The intro- 
duction of machinery, with the consequent 
enormous increase of production, together with 
free import of the raw materials nocessary for 
biscuit manufacture, have contributed to the 
popularity and cheapening of these articles of dict. 

Machinery. Biscuit-making machinery is 
in its essence but an application of the old world 
method of mixing flour and other ingredienta 
into a dough, rolling it out, cutting it into shapes, 
and baking it. Some modifications have been 
made in the machinery from time to time, 
but possibly in no other industry have fower 
alterations been made; in fact, in the works of 
Messrs. Peek, Frean, who have been good 
enough to give us the benefit of their opinion 
on many important points, are many machines 
which have been in continuous use for thirt 
years or more. They are doing as good wor 
now as when first introduced, and could not 
be improved upon by any machines of more 
recent make. 

In the dry store-room of a large biscuit works, 
which may be regarded as the starting point, 
certain raw materials, such as eggs, coconuts, 
almonds, raisins, sultanas, and currants, are 
sorted and freed from dirt, stalks, husks, etc. ; to 
some of these we will mako detailed reference. 

Eggs. Ina large factory some hundreds of tons 
of eggs are used in the course of a year, 100 eggs 
weighing from 16 lb. to 18lb. When proper care 
is exercised, each egg is broken individually by 
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hand, just as a cook breaks an egg on the side 
of a basin. After each has been examined 
to see that it is quite fresh, the yolk and white 
are thrown togethe: into gallon pans. Each 
gallon is then further tested by an overseer to 
see that no musty eggs have been overlooked by 
the girls whose work it is to test them. One 
musty egg would spoil a whole mixing, hence 
the necessity of examining every egg. The mixed 
white and yoke is then passed through 4 sieve 
to remove any particles of eng shell, etc., into 
a whisk holding two gallons, when, after whisk- 
ing, it is ready for use. Tho egg-shells are burnt 
as they are useless. Attempts have been made to 
utilise the albumen adhering to the egg-shells, 
but without success, on account of the attached 
dirt contaminating the extracted albumen. 
Such extracted albumen, although unfit for 
human food, might find useful application in 
other directions. When the yolks and whites have 
to be separated, large eggs, such as turkey eggs, 
are, by preference, used. This separation is 
done by hand, exactly asa cook does it—namely, 
by breaking the shell and tipping the yolk from 
one shell to another, in such a way as to allow 
the white to run off into a basin. The yolk 
is used for rich cakes, and the white for such 
goods as macaroons, while the whole egg is 
used for ordinary qualities of biscuits. 

Milk. Milk is also used to a very large 
extent, and to ensure its absolute purity, every 
delivery is examined by tho resident analytical 
chemist. 

Coconut. Coconut from which the oil has 
beon extracted before shipment, by means of 
pressure after grinding, arrives at the works 
firmly pressed into wooden tin-lined cases. The 
agglomerated lumps are broken up and passed 
through automatic shaking sieves of different 
meshes, 60 as to separate it into three different 
grades of fineness to be used for different kinds of 
biscuits. 

Almonds. Almonds are first filled into a large 
basket of wire gauze and plunged for five minutes 
into a cauldron of boiling water. After removal 
they are fed on to a travelling belt, which 
carries them to a chute and drops them betweon 
a pair of rubber rollers, set just the right distance 
apart to squeeze the almonds so as to make them 
jump out of their husks as can be done between 
the finger and thumb. They then pass through 
& pair of wooden rollers to remove those hus 
which have escaped the first pair. Tho skinned 
almonds then fall on to a tray, while the husks, 
being comparatively light, are winnowed by 
means of a fan in the opposite direction. The 
almonds are then hand-picked to remove any husk 
still adhering, and then dried at a temperature 


flavouring or for ornamenting cakes, etc. They 
can be either cut crossways, lengthwise, or cut 
or split rong aaa paras elir deaenth or broad 
way of the d, or merely ground up. The 
machine consists of a wheel which 
revolves against fixed knives ing into grooves 
in the wheel. This wheel is fitted with numerous 
recesses, into which the almonds are fed by hand 
while it revolves. The cut almonds drop into 
boxes beneath. When used for confectionery, 
the almonds are not husked, as the presence 
of the husk in the cakes is beneficial, giving a 
peculiar and agreeable flavour. Such almonds 
are largely obtained from Majorca and Valencia. 
Sultanas. Suitanas arrive at the works 
abe together in cakes; the cakes are 
roken up and the separated sultanas mixed 
with a small quantity of dry . 
flour. They were formerly 
“dressed” in a gauze-covered 
trough, in which two pronged 
stirrers fitted with wooden teeth 
moved to and fro in 
Opposite directions. In 
this way the flour and 
stalks, etc., were separ- 
ated from the sultanas, 


cutting 


and fell eas the 
wire bottom and sides 
of the machine. This 


flour was used over and 
over again for fresh 
quantities of fruit, 
until it became too dirty 
for further use. With- 
out admixture with a 
dry substance, such 
as flour, it was not 

ible to remove 
mechanically these 
impurities on 
account of the sgn 
nature of the sul- 
tanas. They were 
then hand-picked 
and sorted to free 
them from ie stones which may not have 
been remo in the husking machine. This 
was done by girls, who passed the sultanas over a 
tray covered with perforated zinc, when any 
stones present were detected by grating on the 
metallic surface. This elaborate process was 
considered necessary to completely cleanse the 
fruit, and to ensure that no gritty matter or 
impurities found their way into the confec- 
tionery. 

Currants. These come into the works 
in cases, half cases and quarter cases, containing 
1 cwt., 56 Ib. and 30 Ib. respectively. The 
modus operandi, until recently, was to fill them 
into a “ dreaser” consisting of a slowly revolv- 
ing cylinder covered with fine parallel wires, 
inside which a brush revolved. The currants 
travelled down this wire into a second “ dreseer,” 
while the stalks, which were removed by this 
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treatment, fell through the wire. In the second 
Gresser the currants met with a jet of water, 
whereby they were thoroughly washed, and then 
passed on to a rocking sieve which struck the 
surface of water with a peculiar oscillatory 
motion, that caused the currants to travel 
forward, but deposited the stones, which fell 
between the crevices, and the dirt between the 
wire meshes. The currants were then dried by 
means of a centrifuge. 

As a simplification of the above, suitanas 
and currants are now washed in the samo 
machine. The cleaning is done in a semi- 
circular sieve suspended in a tank of water, 
through which the beaters work backwards and 
forwards and thoroughly remove the dirt; the 
semicircular sieve is then tipped up and the 


contents dropped into a: centrifuge. 
Flour. lour as received from the millers 
is “ ” before being used for biscuit 


making [see MILLINu, © 3078], as an 
extra precaution. The Hicnding of differ- 
ent flours according to requirements is 
done before the “ redressing.” sometimes 
in large revolving cylinders 
called ‘‘ blenders.” each of 
which holds the contents of 
about ten racks of 
flour. The moat 
eee flour- 
blending machine 
m consists of a fixed 
m@ cylinder [see 12, 
page 3395], round 
the bottom = of 
which a revolvin 
knife movers an 
cute off an equal 
quantity from cach 
of the compart. 
menta into which 
the cylinder is 
divided. The 
blending and sift- 
ing of the flour is 
then = continued. 
The redreased and 
blended flour is 
then taken to the 
mixing-room to be made into dough. 

The Mixingeroom. In this department 
the major ingredients of the different biscuits 
are weighed, measured, and mixed. The flour, 
sugar, etc., are filled into large hoppers capable 
of holding two bags of Hour besides the other 
ingredients, When the hopper is full, a trap in 
the bottom is raised by means of o cord, and 
the contents shot down into drum mizers 
situated in the room helow, where the liquid 
ingredients, such as milk or water, are added. 
The mixers [1] consist of iron drums through 
which a square shaft passes. This shaft is 

rovided with arms in the shape of loops. 
These, however, get worn to a sharp edge by 
constant friction. When the drum has 
filled with the charge, a large cover is drawn 

over the “ man-hole” by means of a hand 
The agitator is then made to revolve 
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until the mixing, which takes an hour, more or 
leas, according to the constituents, is complete. 
The contents of the mixer are then emptied into 
a wooden truck. There is another form of 
mixer called a soft dough mixer [2]. This 
consiate of two vertical shafta side by side and 
fitted with blades disposed in corkscrew fashion. 
These shafta revolve in the same direction, and 
thus give the dough a grinding and thorough 
kneading. The dough to be mixed is filled 
into large wooden tubs, which are then run 
underneath the mixer, the knives of which are 
lowered and set revolving. 

Rolling. The machine-room and bakchouse 
comprise the de- 
partment in which 
the actual making 
of the biscuit takes 
place. The dough 
is first put through 
the brake, which 
consists of an 
endless felt travel- 
ling between two 
iron rollers [8] 
The motion of the 
rollers can be re- 
versed by means of 
gearing, and the 
roll can be raised 
or lowered by 
means of a hand 
wheel. On_ this 
machine the dough 
is rolled mto a 
Bheet of any de- 
sired thickness by 
being made to pags 
to and fro under 
the roll, which 18 
gradually lowered. 
The dough is kept 
well dusted with 
flour to prevent it 
sticking to the roll. 

The dough is 
next taken to the 
cutting machine, of 
which the latest 
type is shown in 4. 
It is placed on an 
endless travellin 
felt, and dus 
over with flour to 
prevent it sticking to a roll under which 1t next 
passes, There are usually two pairs of these 
rolls, the first of which presses the dough to, say, 
twice the thickness required for the biscuit, and 
the second to the actual thickness. The practice 
of brushing or spreading the flour with light 


brushes by hand has been superseded by a 
revolving brush. 
Cutters. The dough then passes on to 


another endless felt [4, far end], which moves 
forward in jerks, and in this way is carried under 
the cutters which “ae “ha shape of the biscuit 
out of the dough. e number of biscuits 
stamped out at one operation varies from 6 to 
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80, according to size. The “scrap”—namely, 
that portion of the sheet of dough between the 


cut biscuite—passes on to a te felt up 
over a roll, whence it is caught on a tray, 
taken back to the “brake,” and used 


again. The biscuits deprived of ,their scrap 
ure conveyed on the felt, whence they are 
transferred to travelling iron trays carried 
under the felt on chains. The biscuits fall in 
regular lines on to these trays, and if for any 
reason & row of biscuits has to be removed from 
the felt, the motion of the tray can be arrested 
till the next row is ready to fall on to it, when 
it is allowed to proceed. If this were not done 
the trays would 
not receive a 
regular = charge, 
and consequently 
the biscuits would 
not be evenly 
baked in the oven. 
Spraying. In 
certain cases, as 
with ginger nuts, 
each tray, as it is 
filled, is lifted off 
and passed by 
means of a band 
under a_ hood, 
where the atmo- 
sphere is charged 
with a fine spray 
of water. Biscuits 
so sprayed are seen 
to possess a fine 
film of moisture on 
their surface, which 
imparts to the bis- 
cuits a gloss when 
baked. From this 
machine the trays 
of biscuits pass 
through the ovens. 
The Ovens. 
The trays are 
now laid on 
travelling chains 
provided at equal 
intervals with 
spikes that catch 
the’ edge of each 
tray and ca 
it forward throug 
the oven at a 
uniform speed, which can be regulated to suit 
the baking. The ovens are now constructed 
50 ft. long, and are heated by producer 
generated in the works [5]. The time sakes by 
the trays to pass through the oven varies wit 
the class of biscuit. With ginger nute, the time 
is about twenty-five minutes. With this 
ticular kind of biscuit, one cutting mav 
supplies two ovens and turns out about 35 cwt. 
per diem. Each tray takes 84 ginger nuts. 
Sugaring. Biscuits are sugared from a lo 
rectangular box which stretches the whole width 
of the machine. The box is mechanically 
shaken up and down, causing the sugar to 
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ee eee oe eee they are conveyed to the racks for drying. 
passing under it. Biscuit amg fa are made and processes are now performed iia ba 
cut out much like ordinary biscuite, but they cally. Chocolate should be etored at constant 
ere carried off on wire trays instead of on temperature, otherwise it getaatreaky. The tem- 
the omlinary iron ones. As they leave the perature of the store-room in which this class of 
cutter they goods is kept 
are thin, but is maintained 
slightly at about 70° 
rounded on F., to prevent 
the top and the choco- 
nearly flat late from 
underneath, “atreaking 
so that when off.’’ The 
baked the tom pera ture 
expansion of should never 
the upper rise above 
surface this, The 
causes them chocolate 
to - curl up used for con- 
and to as- feotionery, 
sume the auch as 
shape of 5 fingers or 
spill, <A wafers, is 
somewhat prepared by 
peculhar pro- mixing pure 
cess Ww in chocolate 
the above with @ small 
instance in- amount of 
geniously 8. HARD DOUGH BRAKE (J. Baker & Sons, Ltd.) cocoa butier 
made use in the pro- 


of to assist in forming the biscuit into shape. 

Chocolate Fingers. Biscuit fingers are 
sometimes coated with chocolate by hand. They 
are laid on wire trays divided into partitions into 
which they fit. Fach tray holds twelve. The 





portion of about | cwt. of chocolate to 20 Ib. of 
cocoa butter. 

The “ Vancsaa” biscuit is prepared on a 
machine somewhat on the following lines: After 
the two colours of dough, one white and the 
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4 HARD AXD SOFT DOUGH GAUGING, CUTTING, STAMPING, AND PANNING MACHINE 
(J. Baker & Sons, Ltd.) 


trays are then dipped into liquid chocolate, and 
immediately on removal briskly shaken to 
remove any excess. By inverting the trays, 
the fingers fall on to sheeta of paper, on which 


other chocolate, are put into the hoppers, 
plungers which work between the hoppers are 
ralaed and lowered means of cama, and 
force exactly the right amount of batter to the 


3595 


A meen gag : 
Pm 


“Waaelarn ag sp 


mi 


ean , 
fh tring we tg 
myo 4 what 8 Raa 


my 
A 





trays which pass underneath The white and 
chocolate coloured doughs are pumped simul- 
taneously upon the pan 

Fairy Cakes. Here the dough 1s deposited, 
In rows, from a similar machine to the above, on 
to a “‘spun pan,’ which consists of a tin plate in 
which a number of small hollows have been 
shaped out by an ingenious process of 
‘‘ spinning ”’ (hence 
its name) Each bay 
of these numerous wae 


mould for a fairy 
cake The pans are 
smeared with a 
mixture of butter 
and flour to pre- 
vent the ed 
cakes from sticking. 
When the pans have 
been used, they 
are cleansed by be- 
ing —— against 
revolving brushes 
moistened with water, and after smearing with 
butter and flour, are ready for further use. 
With the “drop machine ” there is no waste or 
scrap, as the exact amount of stuff required 1s 
delivered for each biscuit or cake 

Colonial Biecuits. Colonial biscuits are 
made from dough on the “Rout” press. In 
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a similar manner are produced “Cable” and 
*“ Twist ” biscuits, and, with special “ dies,” the 
“Rose, “ Café,” “ Ring,” and similar biscuits. 
Colonials are formed in strips about }? in wide, 
and have a rough upper surface, caused by the 
rucking up of the surface as it passes from the 
die of the nozzle These strips pass under a 
“ cutter,” which cuts them into 3-in lengths 
Here, again, there 
1s no waste or scrap. 
When the trays 
carrying these bis- 
cults emerge from 
the oven, they are 
hfted out and placed 
on racks for a few 
a cool, 
and are then ti 
into boxes las 
for packmg A 
ete ok continuous biscuit 
Legge forcer to work by 
hand, used for 
Queen’s and Rout 
biscuita, 1s shown n 6 ~=Hand biscuit cuttere 
[7] are made round, oval, or fancy shapes, plain 
or engraved, with name for the use of ines who 
make up their own biscuits, where hand 

and the rolling-pin take the place of esses 
alrevdy descri These cutters are to out, 
print, and eject, like a machine cutter ; also fancy 
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biscuit cutters [8], for rich and soft doughs, are 
made in strong tins of various sizes and designs. 

phorwent i bedi teal igndgel the most 
im of special biscuits is the s or ice 
waters W e illustrate here an wutomiatss water 
making machine [9], which is in use inal] the 
largest faetories in dif- 
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Windaor Wafer. The Windsor Wafer or 
Sugar Vanille consists of two plain ice wafers 
between which is sandwiched cream. The cream 
is put in between the sheets of wafers, which are 

then cut up and dried. If they were 
dried before being cut, bits of the wafer 
| would chip off, and thus 


ferent parta of the world. cause a loss, 
This biscuit, so great a Artificial Bananas. 
favourite with those who Among the _ various 
eat ices, is made of a forms of confectionery 
aprea a : bi la ’ now madc is an imita- 
tter instead of adough. tion banana. This is 
This batter is held in fBANO: SISCUET CUTTER flavoured with a concoc- 
a tank at the side of the machine. A series tion to give it the taste of a banana. It is 


of pumps distribute the batter in measured 
quantities upon silver-plated and highly en- 
graved plates; these plates run in pairs, and 
as soon as the batter has been placed on the 
lower plate of the par the top half closes 
and locks. The batter so held between the 
plates is carried round a chamber, 
which is heated by gas stoves. 
When the complete revolution of 
the machine has been effected, 
the plates unlock and the sheet 
of baked batter drops out. This 
sheet is made up of 32 of the 2m : 
finished wafers, and these are cut (=a eee 


out from the sheet by means g paNcy BISCUIT CUTTERS 


of rapidly revolving saws. All 
these operations are carried out automatically. 
Cornets. These are wafers shaped like cones, 
made on 4 machine somewhat similar to that used 
for plain wafers, but the plate consists of cone- 
shaped moulds, 24 in number, and the cover is 
fitted with a similar numbor of cone-shaped spikes 
which fit into the 
moulds. The moulds 
are filled with the 
batter by means ofa |" | ‘i 
special device which | ** %** 
livers into them {f° >" 
exactly the right ' 
quantity of staff, thus 
saving any waste. 
When the moulds 
have been filled the 
cover is clamped 
down, turned over, 
and on as 
before, the next plate 
coming round to be 
emptied. From it the 
cones or “‘cornets,”’ 
which are either in the 
moulds or sticking to 
the Dy ire are re- 
moved and packed in 
boxes. One plate 
takes five minutes to 
travel round the 
moby Go About iy. i ate 
000 a day per man wow Do kiala 
areturned out. These |. {7+ Shimer a 
wafers are largely ma 
sold to itinorant % td, 
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sa i and coloured like a banana, and when 
broken is soft, like that fruit. Large quantitios 
are shipped to Jamaica, Batavia, and Egypt. 

Hand-=made Biscuits. Cakes, even 
in large factories, are made by hand, though 
this method is rapidly dying out. There is also 
a certain class of biscuit, such as 
macaroons, which are sometimes 
mado by hand, although generally 
on adrop machine. The shape of 
tho biscuit 18 cut out of tho dough 
by a hand cutter and thon put on 
to an iron tray. When a aufh- 
cient number have been cut, the 
tray m put into an oven to bake, 
the tray simpxy lying on the floor 
of the oven. Its position is occasionally changed 
with the aid of a long wooden polo—technically 
called a peel—shaped at the end like a spade, 
When sufficiently baked the trays are taken 
out, and the biscuits are allowed to cool and 
are then tipped into boxes, 
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10. THE ARRANGEMENT OF A SWEET BISCUIT FACTORY 


Packing. Most 
biscuits and emall 
cakes are packed in 
tins holding about 
9 lb. of biscuits. 
Each tin is put on 
to a travelling belt, 
which carries it to a 
hoist that conveys 
the tin to the floor 
above, where it is 
labelled. The tins 
are then put into a 
hot chamber to dry 
the labels to prevent 
them rusting the 
tins. Tins used for 
export are hermeti- 
cally sealed. A cer- 
tain class of goods, 
such as ‘Quaker 
Oat Biscuits,” are 
packed in cardboard 
packets called ‘* box- 
ets.” These boxets 
are waxed inside, 
and the biscuits are 
wrapped in waxed 
paper before being 

laced in the box. 
he life of a biscuit 
tin is about five or 
six journeys. The 
tins are well scoured 
out every time they 
return to the works. 
Refrigerating 
Plant. This is an 
essential part of a 
large factory. It is 
used for cold stor- 
age of butter and 
lard, for ice making 
and milk cooling. 
{See Foop PrEssr- 
VATION. ] 

The complexity of 
the work of a large 
biscuit factory may 
be judged from the 
fact that one large 
firm may turn out 
250 varieties. We 
give, in 10, the 
genera] arrangement 
of a small sweet 
biscuit factory. 

Ship and Dog 
Biacuits. The 
method of manufac- 
ture of ship biscuits, 
as in the works of 
Messrs. Spillers & 
Baker, who have 
the latest  instal- 
led plant, is con- 
ducted somewhat on 
the following lines. 


A selection is made of specially milled flours 
of a description and quality suitable for the 
biscuit required, ship biscuits being usually 
made in several qualities, some for cabin and 
some for crew use. The mixture and oblend 
having been decided upon, the various flours 
are put through a set of automatic mixers, which 
blend them thoroughly together. This mixed 
flour is then caught off from these mixers in 
sacks, each one being carefully weighed to en- 
sure the exact quantity of flour being used for 
the next process. A charge of from 5 to 10 cwt. 
of the mixed flour is then shot into a dough mixer. 
Fixed above is a tank connected with a supply 
of pure water, and by means of a gauge the 
desired quantity of water for the weight of flour 
is added. The mixture is kneaded into dough 
in from 15 to 30 minutes, and discharged on to an 
iron table immediately below, near which is fixed 
a brake, through which the dough is rolled 
backwards and forwards until a sheet of the 
required thickness is produced. The other 
processes of preparation for the oven being 
similar to those described above. 

A Special Oven. The oven, which differs 
in some respects from that used for sweet bis- 
cuits, consists of a number of iron plates, which, 
being connected together and worked on tumblers, 
are made to traverse the whole length of the 
oven. The most approved size for up-to-date 
ovens is about & ft. wide and 44 ft. long. The 
length of time the biscuits take to pass through 
the oven can be adjusted by means of a ratchet- 
wheel and pawl at the front end, and they take 
from 15 to 30 minutes, as more or fewer teeth 
are taken by each upward motion of the pawl. 
The heat in the oven is regulated by an elaborate 
arrangement of flues and dampers, and as the 
ovens for this kind of biscuit are usually what 
is termed “ direct heat ovens,” a smokeless fuel, 
such as coke, has to be used ; the consequence is 
that the heat produced is very much more 
intense than that in ovens fired by other methods, 
and has the effect of rendering the biscuits 
80 baked capable of withstanding changes of 
temperature and keeping a considerable time. 
But because of this direct heat, ovens so con- 
structed require very much more careful manipu- 
lation and closer attention, as the heat is apt to 
vary more than in “ indirect heat” ovens. 

By properly regulating the heat, and also by 
previous calculation, the biscuits, on reaching the 
end, are thoroughly baked They are conveyed 
by elevators to a drying floor in order to cool 
and to get rid of any superfluous moisture that 
may be contained in them. After being stored on 
this floor for sufficient time, they are packed 
in barrels or bags for delivery where required. 
This final drying operation is not required 
in the case of sweet biscuits. 

The method employed for the manufacture 
of dog biscuits is on similar lines to that just 
described, with the exception, of course, that the 
materials used are different. Great care has to be 
exercised in the selection of suitable flours and 
meals, and also in the addition of the cooked 
meat considered necessary for the dog’s dietary. 

Biscust Making concluded 
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By Dr. A. T. SCHOFIELD 


SOME time ago the United States War Depart- 

ment made experiments with a view to reduc- 
ing the weight and bulk of the soldiers’ rations 
without impairing their nutritive valuo. It was 
soon known, however, that the experiment had 
resulted in failure. A report on the subject 
has now been issued from which some interesting 
details may be gathered. A company of tho 
7th Infantry, it appears, was detailed to make 
the experiment. The company was furnished 
with condensed rations, consisting of coffee, 
noup, bread, and bacon. The coffee and soup 
were in small tablets, which, when placed in 
boiling water, were ready for consumption in 
two minutes. The bread was in small, flat cakes, 
the weight and hardness of a brick, which, when 
moistened, swelled out like asponge. The bacon 
was compressed, and needed only to be warmed 
in @ frying-pan. The soldiers started out with 
10 days’ rations, but the campaign was brought 
to an abrupt end after four days of 15-mile 
marches. The food not only failed to satisfy 
| hunger or give strength, but seemed to irritate 
{the stomach. 

Suitability of food largely depends upon its 
digestibility, as well as upon its chemical com- 
position. Thus, it would seem that, from one 
point of view, pork and milk contain about the 
' vight proportion of carbon and nitrogen, and yet 
. the one is a most unsuitable article of diet, the 
other the best wehave. As arule, the nitrogen in 
. vegetables is not so easily absorbed as in meat. 
| orce Derived from Various Foods. 
With regard to the proportion of body and mind 
work derived from various foods, an attempt has 
. been made to give a table showing the percentage 
: of force that food gives out as heat, as physical 
. force, and as mental energy. This is as follows, 
but must be taken as merely approximate : 


PERCENTAGE TABLE 

















| Heat | Mhysical | Mental 
Fouls, Force Ore Force 
Rice .. 82 5 
Prunes 784 4 4 
Wheat : | 66h | 14k 1 
Oats .. ° 51 17 3 
Beans | 640 24 34 
Ham... | ae 35 4 
Yolk of egg .. 30 _ 2 
White of egg : — -| 48 3 
eee ; . 28 31 4} 
Potatoes 16 Ih I 
Mutton 14 2) 2 
Beef .. ve 14 19 2 
Milk .. e 8 5 l 
Chicken 2 Par 3 
Herring I 16 5 





This table gives the relative cont of foods : 
COST OF SUFFICIENT FOOD TO SUPPLY 
THE AVERAGE DAILY FORCE NEEDED 


8. d. 
§ 0O| Butter 


Codfish 
Mutton 
Lean beef 3 0; Fat pork 0 9 | Broad 


Milk Potatoes 0 7 | Outmeal 

This, of course, gives no idoa of relative 
suitability or digestibility, and no one could live 
exclusively on any one article named, oxcepti 
milk and bread. Let us tuke a more ceaetal 
survey Of the principles and practice of dietetics. 


Importance of Proper Food. There 
can be no doubt as to the importance of tho 
subject when we learn that in this country alone 
over 2,000 lives a week are lost through bad 
and improper food. Indeed, this is too low an 
estimate when we remember that food includes 
drink, and hence alcohol. It is sufficient, how- 
ever, for us hero to know that the misuse of food 
(including drink) is by far the chiof cause of 
disease, daath and misery in the English race, 
and that ‘‘ proper food "’ is tho first and foremost 
of the five laws of health. 

Food is necessary, as we all know, to repair 
the waste of the body, and in its widest sense 
includes not only solid and liquid, but the 
gas we insy re from the air, under the name of 
oxygen. While, however, we have ultimately no 
control over the amount of oxygen we inspire, nor 
any choice of gases, we can and do adulterate the 
air ax much as fies in our power, to our own cost 
But our powers for evil over what we breathe aro 
small and insignificant when compared with tho 
wide powers and complete control that we havo 
over the food we eat. One would think that 
the human race, when it became civilised and 
educated, would long ago have settled tho 
question of food and drink, and have discovered 
the best and most economical] way of repairing the 
system. What to eat or drink, when to vat, how 
to eat, should long ago have been questions so 
settled by experience and authority. 

Repair of Waste. Woe require a good 
deal of food—for, aa we have shown, we perish 
at a faster rate when we are alive than when 
dead, wasting to the extent of about one twenty- 
fourth part daily. We thus lose over a ton a year, 
and the important question is, how best the loss 
is to be made good. 

This rate, however, is not oven throughout 
life, and for the first twenty-five dale we have 
to consider not only how to repiace the daily 
lous, but how to build up the body and what 
material to use. 
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As regards quantity of food, the best and 
simplest rule seems to be: From the ages of 
1 to 25, as much food as is wished, provided 
it be wholesome and given at stated intervals ; 
from 25 to 55, a8 much food as will keep the 
body at the same weight for these 30 years ; 
from 55 to 75, a gradnally decreasing amount of 
simpler food, so that weight is blowly lost, or 
at any rate, not gained. In the first third of life 
we seldom eat too much; in the last third we 
very often do so. 

The difficulty in writing on dietetics is to avoid 
being too explicit, and yet to give directions that 
are of real value. We shall try not to be too exact 
as to details, but very definite as to principles. 

Digestion and Indigestion. When the 
digestive system is ‘‘in order” its great cha:4.- 
teristic, like that of all other body systems, is 
that it performs all its work unconsciously. So 
perfect is its mechanism that we do not know 
or feel we have either stomach or liver, although 
both may be hard at work, and the former in 
violent motion for hours together. But once 
indigestion begins, this delightful unconscious 
calm vanishes, and we are only too painfully 
aware of the internal troubles. 

In nearly every case this is our own fault, 
and is brought on through gluttony for food or 
excess in drink, Gluttony is a great vice, but 
being personal and harming no one but ourselves, 
it escapes censure, save when leading to excess 
in alcohol. An old German proverb saya, “ Asa 
man eateth, so is he.” It is true that our food 
influences our character, but it is equally true 
that our character affects our eating, and that 
the wise, self-governed man is far less likely to 
suffer from dyspepsia than the self-indulgent one. 

Moderation the Motto of Health. 
Personal habits leading in this direction to 
ill-health are casily formed, and should be care- 
fully watched. Small habits of excess are easily 
acquired, and are then so difficult to break. 

We do not wish to lay down many rules, 
but say emphatically that “ moderation in all 
foods” is the motto of health. This habit 
formed in youth is a powerful safeguard 
against many ills, and prevents much physical 
unhappiness. 

We will first look at the question, ‘“‘ What we 
should eat,”’ on which many opinions are held. 

Tho natural query is, “Shall we exclude any 
ordinary staple food such as meat from our 
dietary, and if so, what ? ” 

Our answer for those whose digestion is in 
order and who desire to keep it so, is “No. Let 
all ordinary food be caton in moderation.” But 
there are many who exclude “ butcher's meat” 
and eat “ white’ meat only, others who forswear 
all meat, but eat other animal food such as milk, 
eggs, butter, etc., and are miscalled ‘‘ vegetar- 
ians.’” Others, again, rise above these and eat 
vegetables only. A superior class still exists 
on fruits, but the highest and smallest class of 
all consists of those eccentric beings who are 
kept alive by nuts and seeds only, including, 
very largely, apple pips. To such heights of 
faddism or depths of imbecility does dieti 
extend, and in every stage there are men 
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+ women ever ready to demonstrate, in their own 


persons, that every conceivable energy and grace 
is produced by their particular diet, and to 
hand you convincing manuals that prove this. 

Dietaries should be Shunned by the 
Healthy. All dietaries should be shunned by 
the healthy; their adoption is a confession of 
weakness, and even the weak should use diet 
tables as little as possible. 

When we remember how different are people’s 
temperaments and idiosyncrasies, and that 
what agrees with one so often di with 
another, we see the difficulty, if not the folly, 
of laying down general dietaries. Dr. King 
Chambers writes: ‘‘ Some cross off their dietaries 
everything that has ever disagreed; better 
to add to, it everything that has once agreed.” 
This advice goes rather too far, but it is on 
the right side. 

After infancy, therefore, when the full diges- 
tive powers are established, diets do generally 
more harm than good, save in special diseases. 
Even if some food is found to disagree it is better 
to eat less of it than to cut it off altogether. We 
must remember, too, that cooking can render 
the same food digestible or indigestible. 

The question to ask respecting any article 
of diet is, “Do you like it?” and “ Does it 
like you?” If both questions can be answered 
satisfactorily, there is no doubt on the matter ; 
if the first only, try the food in moderation and 
well cooked before you decide to give it up. 

No doubt, not only gout but many smaller ills 
come from a wrong diet. and if a person suffer- 
ing from any of these is told by a responsible 
physician that they are caused by any article 
of food, he should heed him and not use it ; but 
we are speaking of the healthy, and of the self- 
dieting of dyspeptics. 

Eating too Much and too Little. But 
What to eat.” embraces also what amount to 
eat, and we would touch on this, for it is most 
important. We think that most people who can 
afford to do so eat too much. 

The rule we have already laid down of living 
by the scales rather than by the appetite is 
a golden one. Let the weight be fixed and 
never exceeded or lessened by half a stone. 
This is not only the way to keep in order, but to 
prolong life and to avoid many diseases. 

Dr. Mortimer Granville says that there is 
“More danger from excess of food than from 
infection ; and there can be no doubt that 
excess of animal food is a great and crying 
evil in the English people and produces an 
amount of dyspepsia and other troubles wholly 
preventable by eating half the amount. In 
this country we consume about four times the 
amount of meat of any other country in Europe.” 

Eating too much does not nirencehen the body, 
but exhausts it with the labour of digestion 
and the evils of the undigested residue. Among 
the aged this is a common error, mainly due 
to friends and relatives who are continually 
urging the old man, whom Nature has wisely 
deprived of his teeth, to eat more and to live 
better; whereas his health and happiness 
depend on eating less and living more plainly. 


While we thus speak against over-eating in 
the healthy and wealthy, we see plenty of evils 
erising from starvation among the rich. 

Many eat too little for various reasons, even 
when otherwise in health; and this soon leads 
to the nerves or some other part being out of 
order. A false idea of refinement, or some 
slight dyspepsia or over-fatigue,’ leads to semi- 
starvation, and very soon nervous signs follow, 
showing the nerves are no longer in health. 

80 far, we fear, we have spoken in a very 
vague way for those who, as we have said, love 
exact rules. We will try to be a little more 
exact in speaking of one or two articles of diet. 

Meat and Vegetarian Dieta. Of meat 
we eat far more than the French or Germans. 
No doubt we require rather more than they 
do; but the excess over what we really 
require is enormous, and not only representa 
great waste but needless disease. 

There is no storehouse in the body for excess 
of meat food as there is for fats and atarches ; 
and the result is that if the excess passes a 
certain pgp the meat becomes poison, and 
uric acid is produced. 

For light workors meat once a day is —— 
Butcher's meat three times a day is an excess for 
anybody in this country. The recent researches 
of Professor Chittenden tend to show that a far 
greater limitation of meat diet may be beneficial. 

The bulk of the diet should be what is called— 
but is not—vegetarian ; that is, farinaceous and 
vegetable foods, milk, with eggs, etc. In growing 
ro and early manhood too much care cannot 

taken that the food is digestible ; and above all, 
artificial and pre-digested foodsshould be avoided; 
for hard digestive work in moderation strengthens 
the stomach, whereas little or no work certainly 
weakens it. Thus, “meat teas” which are hard 
to digest are not bad for young people. 

Bread the Staff of Life. Bread is 
the staff of life, and no attention should be 
paid to Ms fo st jon faddists who claim to have 
discovered rather late in the day that it is the 
source of much disease. It contains the meat 
and vegetable principles as no other food 
really does, and can be eaten in such a variety 
of forms that none need tire of it. 
bread well made is the most nutritious and 
generally useful ; for the weak and for children 
wholemeal bread is splendid, while Hovis bread 
is of real value as compared with other breads, 
on account of the amount of fat it contains, 
making it nearly equal to bread and butter. 
Italian pastes, such as macaroni, are excep- 
tionally nutritious, and indeed no dish can 
surpass in food value macaroni and cheese, 
which is, perhaps, for ite bulk, the most nutritious 
re that can be made ; pga not follow 

t it is particularly easy of digestion. 

We have reer noirted out that the old 
idea that force is gained principally from meat 
diet has proved to be erroneous, and it is now 
shown that muscular force is principally ob- 
tained from the carbohydrates —the starch 
and sugar foods. These two can be eaten in 
excess with much greater safety than meat, 
as we have shown. Sugar itaelf is a most 
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valuable musoular food and must be mentioned 
here. As a rule, it is taken plentifully in all 
farinaceous food, for all starch is ch into 
sugar. The advantage of sugar is that it re- 
quires no change. It exists in large quantities 
in some vegetables such as bectroot, in some 
fruit such as grapes, and also in chocolate and 
other artificial foods. If half a pound a da 
is eaten, from 15 to 20 per cent. more wor 
can be done. Hackenschmidt, the great 
wrestler, geta nearly all his force from sweets, 
chocolates, etc. Seventy-two Ib. per head 
is used in Great Britain, 52 lb. in Amerion, 
25 lb. in France and 17 lb. in Germany. 
Sugar creates no uric acid, and does not in itsolf 
produce gout. Two lumps of sugar eaten daily, 
will increase the weight 14 Ib. in one year. 

When to Eat. The next point to 
consider is “‘ When to eat.” As to this, we may 
certainly say, ‘‘ At fixed times.” Food eaten at 
irregular times is much more i to disagree 
than if taken at fixed hours. is is truest in 
early and late life, but holds good all throu 

A baby may suffer from birth from capricious 
feeding, and without fixed hours soon becomes 
a bunien to itself and to others ; whereas if fed 
every two hours in the day, and every four 
hours at night by the clock, it would be in health 
and perfectly easy to manage. It is astonishing, 
too, how soon a child becomes accustomed to 
fixed habits, and what an untold blessing thee 
are; and this refers not only to eating, but to 
all habits necessary for the health of the in- 
dividual. 

Regularity of Meale. Perhaps we 
may be allowed to point out here the great 
misery that has resulted to, and is still ex- 

rienced by, thousands whose digestive systems 
in some part of their course are out of order, 
solely from a culpable neglect on the part of 

arents in forming a daily habit in their chil- 
en, and thus rendering constant medicine 
wholly unnecessary. 

The advantage of regular meals is that the 
digestive organs themselves learn to expect 
these meals, and get ready for them if thoy 
are takon at fixed hours. 

The interval between meals should never be 
less than four hours, and is better if not over six. 
It is most important that a fresh meal should 
not be taken until the lJast is digested. The 
neglect of this rule is a common cause of dyspep- 
sia. The burning question of the number of 
meals in the day is by no means casy to settle. 

We have been recently invaded from America 
by a no-breakfast agitation, which, though not 
so much needed here as in the States, raises o 
very important question. In America breakfasts 
have run to such an excess as to become veritable 
banquets. 

No breakfast at all may suit some, but the 
folly is to think of this or any similar device 
as a universal panacea. 

Three Kinds of Breakfast. Three sorta 
of breakfast remain for those who take any; 
they msy be summed up as the English break- 
fast, the plain breakfast, and the French break- 
fast, each admirably adapte’ for certain cases. 
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The man or woman who has to do hard 
physical work before lunch, and ecepecially 
in the open air, does well to eat a hearty break- 
fast, allowing, say, an hour afterwards before 


beginning work. 

The man or woman who has light physical 
or mental work to do, and whose forenoon is 
peor more within doors, does better with the 
plain breakfast, with perhaps an egg and some 
marmalade; or with the still lighter ‘ French 
breakfast.” 

The general consensus of hygienic wisdom lays 
down that the principal meal when the 
man’s work is over by one o'clock is the 
lunch or early dinner; while all-day workers 
do better with a light lunch and a more substan- 
tial dinner. Where there is hard labour all day, 
practically two substantial meals, or dinners, 
are needed. The principal meal, at any rate, 
should be eaten, if possible, when the chief 
work of the day is over, and, let us repeat, 
must always be eaten at leisure. Quantity is 
the point in early dinners, pede in late 
dinners ; for the digestion at that hour can- 
not deal with such large quantities of food as 
earlier in the day, aad variety stimulates the 
appetite. Light tea is best taken as now, between 
four and five. 

The Evening Meal. One last point 
remains as to when to take food, and that 
is with regard to the interval between eight or 
nine p.m. andeight or ninenext morning. Though 
this long fast may not be a common cause of 
dyspepsia, it is certainly a common cause of 
wakefulnoss and nerve troubles, and many a 
slight nerve case has been cured by providing a 
meal between these hours. 

If the evening meal at eight be plentiful, and 
if the night be spent in sleep, nothing is, as a 
rule, required till breakfast next morning. But 
this turns on two “ ifs,” either of which may 
fail. Sometimes the dinner is at six or seven, 
and very little may be eaten ; in this case some 
sort of supper at ten or eleven is needed. Again, 
the night may be wakeful, and the person sick 
from hunger, and yet no food can be had till 
breakfast-time. 

This should never be. Food of some sort 
that is palatable when cold should always be 
accessible, so that an impromptu meal can be 
taken with some milk when required; while 
those who always have their evening meal 
early, and often eat little at it, should, as we 
have said, as a fixed custom have a light 
after-supper about four hours later, and if 
any part of it can be hot so much the better 
for digestion. There is really no necessity 
for walking a mile after this supper. If a 
brief interval be allowed before retiring to rest, 
the meal will not only give no trouble but will 
probably act also as a mild hypnotic. 


How to Eat. The third and last point 
is “How to eat.’ Now, all things may be 
lawful, but all are certainly not expedient, for 
while there may be no sin in eating all that is 
set before us, there is often suffering if we ¢lo. 

Sir Henry Holland’s three rules for eating were: 

1. Never to fill the stomach to repletion. 

2. To eat slowly. 

3. To allow no mind strain at meals. 

These may not sum up all that is needful 
to keep the digestion in order, but they are wise 
and good as far as they go. 

The first rule may be put in another form, 
perhaps more refined: “ Always rise with an 
appetite.” 

he reason of this is that when we have really 
caten enough the hunger is often not wholly 
appeased at the time, because the food has not 
yet had time to digest. Therefore, even if we 
rise “with an appetite,” it soon disappears 
as the food becomes assimilated. 

Over-eating of animal food is more serious 
than that of other kinds, for in this case, sooner 
or later, gout is almost sure to supervene. 

The next rule is to eat slowly. This all may 
do; and if they cannot, they should eat only 
the lightest food when in a hurry. 

The third point is most important—" no mind 
strain at meals.’”” The same simple meal that 
will perfectly agree with a man in ordinary cir- 
cumstances may cause violent dyspepsia if eaten 
under severe mind strain or shock. Even if done 
once, the bad offects are felt ; and, if continued, 
chronic dyspepsia is the sure result. 

Infiuence of Mind on Digestion. We 
must impress this point—that to keep the diges- 
tion in order heavy meals must never be eaten 
when the mind is agitated or strained. At such 
times the simple and wise course is to live on light 
food until the mind is relieved. The neglect of this 
simple precaution often begins the fatal reaction 
that culminates in a nerve attack. The attack 
of dyspepsia reacts on the mind, which becomes 
more nervous and strained ; this weakens the 
stomach stil] more, and the process goes on till 
the system is impoverished and _ nervous 
debility ensues ; and then, indeed, when the fatal 


: circle is established, it is seen too late how 


much better and easier prevention is than cure. 

The connection of stomach and brain, of 
digestion and thought, is very close. Good blood 
supply and nervous energy are as necessary for 
one as for the other, and the two cannot be fully 
working at the same time. It is, therefore, 
always advisable that a meal time should be a 
season of relaxation and of cheerfulness. 

If this advice is needed for those in health, 
it is still more important for dyspeptics. A man 
who is liable to indigestion, and who eats a full 
meal when in a ‘state of mental tension, may 
bring on a sharp attack of gout by so doing. 


. Continued 
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The Wars of the Roses. Warwick ‘the King-maker.” Murder of the Little 25 
Princes. Introduction of the Art of Printing. Discovery of a New Continent 


By JUSTIN McCARTHY 


e 
ON E of the most important events in the course 
of English history was the outbreak of tho 
Wars of the Roses. These wars were carried on in 
maintenance of the rival claims of the houses of 
York and Lancaster to the English throne. The 
Lancaster family were descended from John of 
Gaunt, Duke of Lancaster, fourth son of Edward 
ITI., while the York party were the descendants 
of Roger Mortimer, grandson of Edward’s third 
son. The Lancastrians adopted the red, and 
the Yorkists the white rose, as their emblem, and 
thus this prolonged contest, which lasted some 
na years, came tc be deacribed in history as 

the Wars of the Roses. 

The Ware of the Roses. We read 
that in these wars perished 12 princes of the 
blood royal, more than 200 nobles, and more 
than 100,000 of the aristocracy and their depend- 
ents. It is not necessary to follow minutely 
the story of these wars and to recount the vic- 
tories now of the one side and now of the other. 
Nothing could well have been more barren, so 
far as the prosperity of the country was con- 
cerned, than those trials on successive battle- 
fields of family claims which seem to readers of 
the present day to rest on merely technical 
questions as to the law of succession, Even 
where it was shown that the immediate and 
direct line of succession had been broken, it was 
argued on the other side that on the death of a 
sovereign, the existing constituted authorities 
charged with the welfare of the reaim had alwa 
claimed, and on several occasions exerted, with- 
out opposition, the right to demgnate for the 
throne one of the royal princes not actually 
next in the line of succession 

The record of these wars is sickening and 
ghastly to a degree which the stories even of 
civil wars cannot often equal. The rival parties 
do not seem to have behaved towards each other 
with any regard for the common Jaws of war as 
prevailing between rival countries. The York- 
ites and the Lancastrians acted on the principle 
that in such a struggle cach party, when it had 
won a victory, was honourably free to act to- 
wards the conquered Iraders as if they had been 
mere mache for whose se of ioe aad 
any punishment might properly be inflicted. 

The Kingemaker. The warm began 
in 1455, but the actual dispute had been going on 


since 1449, when Richard Duke of York _ icly . 


claimed the succession. One leading figure in 
those wars wes that of Richard Neville, Earl of 
Warwick, the famous ‘“ King-maker.” When 
the war broke out, Warwick rendered t 
service to the Yorkites at the battle of St. 
Albans, and wae, indeed, the main instrument in 
obtaining the victory After this he took the 
leading part in the struggle. He had morc in him 


of the statesman than of tho soldier, and it doca 
not appear that mere love for soldioring had 
brought him to the battlefield. He was ahrowd, 
astute, foresecing, had a gift of political intrigue 
and political mastery, and was unscrupulous as 
to the means by which he accomplished his end. 
There were victories and defeats on cither side, 
but Warwick effected a bold stroke by marching 
on to London with Edward, son of the Duke of 
York, and proclaiming him King Edward IV. 
Soon after Yorkites gained a signal victory 
at Towton, and for the time the struggle scemed 
or at an ae aaa 

e young King mado himself very popular 
by his courage and his winning abated tdeed, 
at that time, London was well inclined to wel- 
come any sovereign whose coming to the throne 
brought with it the promise of reatored peace. 

Edward later on made many enemies by his 
licentious tendencies, and arwick, amon 
others, turned against him. Edward foun 
that there wore strong forces opposing him, and 
he left England and took retuge in Flanders 
while he was gathering new strength around him 
to meet his enemies. After six months he came 
back to England, and with his brother Clarence, 
who had recently taken his side, encountered 
his opponents at Barnet, April 14th, 1471, where 
Warwick the “ King-maker” was surrounded 
an’ killed on the battlefield. 

Tewkesbury. The result of the battle 
was a victory for Edward, and by a subsequent 
vistors at Tewkesbury a few weeks later he 
brought that chapter, at least, of the war to an 
end. Edward behaved with extreme cruelty to 
some of his captured enemies, and the latter part 
of his career illustrated in very striking fashion 
the general character of those lamentable Wars 
of the Roses. On April 9th, 1483, he died 
suddenly. When hus life ought to have been only 
at ita prime it was promaturely brought to an 
end hy the excitement of politics and war, and 
probably even more by dissipation. His successes 
were made for him by others, his faults and 
failures were his own. 

He was succeeded—at least nominally suc- 
ceeded—by bis son Edward V., who was then 
little more than twelve years old. He came at 
once under the influence of his uncle, Richard, 
Nuke of Gloucester, the youngest brother of 
Edward IV. Richard, Duke of Gloucester, is 
one of the most remarkable, and one of the 
most odious figures in English history. He is, 

rhaps, best known not through history, 
bat through the drama. Shakespeare in his 
** Richard IIT.” has made foi usa terrible picture 
which is as living ae life itself, and oven if 
every fact and incident in that great drama 
is not a literal reproduction of the truth, his 
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character of Richard may be taken to be.a fair 

resentation of the rea! man. 

ichard was born on October 2nd, 1452 ; on 
the defeat and death of his father, the Duke of 
York, he was sent abroad for safety, but after 
Edward IV. had won the throne he returned to 
England and was made Duke of Gloucester. He 
took a conspicuous part in the York and Lan- 
caster struggle during its later developments, 
and is accused of having sanctioned, or even 
promoted, some of the worst crimes—the j udicial 
murders of leading opponents during that war. 

The Murder of the Little Princes. 
After the death of King Edward, Richard was 
appointed Protector of the Realm and guardian 
of Edward V., then only thirteen years old. He 
became practically ruler of England for the 
time, and the Queen-dowager was induced to 
put under his guardianship also her younger son, 
the Duke of York. The two boys were put into 
the Tower of London with the avowed object 
of keeping them safe. They were afterwards 
murdered thore, it was generally believed, by the 
orders of Richard. Richard the Protector had 
Earl Rivers and Lord Richard Grey, the uncle 
and the stepbrother of young Edward, arrested 
on a charge of treason and brought to a trial 
which ended in their execution Richard now 
seemed to be absolute master of the state, and 
he was invited by the Parliament to accept the 
crown. This invitation, entirely in accordance 
with Richard’s own ambition and schemes, was 
promptly accepted by him, and he was crowned 

ing. 

Bosworth. In the meantime the feeling 
of hostility to Richard and his deeds was 
spreading throughout the country, and some 
of the most powerful nobles began to turn 
against him. Henry Tudor, Earl of Richmond, 
was then the most important representative 
of the House of Lancaster, and the friends 
of this powerfal nobleman began to organise 
a scheme to dethrone Richard and make Henry 
Tudor king. The attempted movement failed, 
and its principal leader. one of Richard's 
earlier supporters, the Duke of Buckingham, 
was put to death for the part he had taken 
in the projected rising. Henry. Earl of 
Richmond, had no ideas of abandoning his 
hostility to King Richard because of any 
temporary check to the movement in his 
own favour, and on August 22nd, 1485, he 
encountered Richard at the famous battle of 
Bosworth, in Leicestershire. The battle was 
a complete defeat for Richard, who was deserted 
at the last moment by some of those who had, 
up to that time, supported him. Richard lost 
his life on the battlefield. 

‘There was a story widely credited for a lon 
time that Richmond was actually crown 
ou the battlefield as King of England with 
Richard’s own crown, which was found when 
the fight was over not far from the spot where 
Richard had fallen, but the story is probably only 
another illustration of the romance of history. 

Richard III. was s man of distinct and 
remarkable capacity who might, under other 
conditions, have made a great name for himself 
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and have been a benefactor to his country. 
Intellectually and in education, an education 
in great part self-acquired, he was in advance 
of most of the English princes of his time ; but 
his ambition, impatience, and his recklesaness of 
all moral restraint, illumined only with a lurid 
light that chapter of history which encloses 
his reign. 

With the death of Richard ITI. the Wars 
of the Ros& ended. Henry Richmond became 
without further struggle the successér to the 
English throne. His father, Edmond Tudor, 
belonged to a celebrated Welsh family, was the 
son of Owen Tudor, who bore a name distin- 
guished in the history of Wales, and of his 
wife, Queen Catherine, the widow of Henry V. 
Henry VII., soon after he had come to the 
throne, married Elizabeth of York, eldest 
daughter of Edward IV., and by this marriage 
the red and white roses became united. 

Introduction of Printing. A new 
chapter of wider significance and more enduring 
influence in the history of the world than 
any associated with the rivalries of states or 
the fortunes of contending armies, was openin, 
about this time. This was the chapter whic 
tells of the discovery of the art of printing. 
Up to this period authorship of whatever kind 
had to address its public through the form of 
manuscript. Books had been made up of letters 
written with the hand on pages of parchment, 
paper, or even of leather, but the only medium 
of communication between the poet, the his- 
torian, the romancist, and the outer public was 
the character traced by the human hand. It 
ix said that a sort of block printing, the im- 
pressing of words on paper or parchment through 
the medium of wooden carvings representing 
the words, was discovered in China some five 
centuries after our Christian cra, and practised 
there for some time. There is evidence of 
similar inventions and applications having 
been made the subject of experiment at. later 
perce in European countries, and of having 

een practised there with some success. 

The idea might have come into almost any 
mind, at any period since works of literature 
came to be composed, that there might be 
some mechanical process for reproducing on 
parchment or paper the text of the author in 
a form at once more legible and more capable 
of rapid multiplication than could be accom- 
plished under any conditions by hand, But 
the art of printing, as it is understood in modern 
days, seems to have come into use in different 
parts of Europe at about the same period in 
the world’s development—during the fifteenth 
century. The name of William Caxton will 
always be identified in England with the earliest 
practical application of the art of book printing. 

Caxton. Caxton was born in the Weald 
of Kent, about 1422, and was in his boyhood 
apprenticed to a London mercer, afterwards 
Lord Mayor of London, who seems to have been 
a kindly protector to the young Caxton. When 
= are died, in rs Caxton went over to 

ruges, became one of a com of lish 
traders who had settled there, Per a np 


of time rose to be a governor of the company 
or association. It was while in Bruges that his 
attention was attracted to some experiments 
going on there and in other parts of the Low 

uuntriés, as well as in Germany, for the con- 
struction of a system of mechanical printing— 
the reproduction of words and sentences by 
means of a stumping process which should 
make the reproduction capable of infinite 
repetition. It may be that the attention of 
Caxton was originally drawn to the importance 
of some such process of rapid and multiple 
production not merely by the interest he alwa 
took in the reading of books but also by the 
fact that during a great part of the time which 
he spent in the Low Countries he was engaged 
as copyist to a family of high rank. His atten- 
tion was soon caught by the efforts going on 
for the introduction of some method of pro- 
viding reading matter for the public otherwise 
than through the toil of the human hand. 

The Firat Printed Book. Caxton 
made up his mind that his best business in life 
was to become a producer of books, not merely 
in the capacity of an author but in the capacity 
of one who supplies the public with books 
almost any number of which can be produced 
within a limited space of time, and can be read 
without straining the eyes of the student. In 
the preface to his first printed work he tells 
of the trouble it cost him to cOPy with the pen: 
“My hand weary and not steadfast, mine eyes 
dimmed with overmuch looking on the white 
paper. Therefore I have practised and learned 
at rg kag charge and dispense to ordain this 
said book in print after the manner and form 
as ye may see, and is not written with pen and 
ink as other books be, to the end that every 
man may have them at once, for all the books 
of this story here emprynted as ye see were 
begun in one day and also finished in one day.” 

This first bouk printed in the English language 
was printed in Bruges under Caxton’s instruc- 
tions; but after he had made England his home, 
and had taken service as a kind of household 
manager and secretary with Margaret, Duchess 
of Burgundy, sister of Edward IV., he brought 
out the first English book actually printed in 

land—*“‘ Dictes and Sayings of the Philoso- 
phers,” published in 1477. Caxton now act 
up a printing preas at the sign of the Red Pal, 
in the Almonry at Westminster, and although 
he was now growing old—he died about 1491— 
he threw himself into his new work with an 
energy which would have done credit to youth. 

Development of Printing. The public 
seems to have been taken at once with the 
ot sash rye thus offered of having an almost 

imited number of copies of some popular 

work put imto circulation at the same time. 

cannot claim to have been the first to 

bring out printed books, but she may claim to 

have been the first to make the printing of 

books a regular institution, and to have found 
for them a steadily increasing public. 

Caxton was a lover of literature, and he gave 
to the world printed versions of all the eguel 
poetry then to be had, foremost amongst which 
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was his edition of Chaucer's “ Canterbury 
Tales.” He collected and printed the poems 
of Gower, he gave to his readers a version of the 
Aineid, taken from a French translation, and 
some of the writings of Cicero. Caxton’s own 
tastes led him to a pure and simple English 
style, free from the tio affectations de- 
lighted in at that time by writers who had not 
yet recognisod the fact that a new epoch was 
arising for the English language as well as fur the 
ee people. He made translationa of his own, 
and he helped to put together many books which 
had to do with the trade and commerce of the 
time. Many of the productions of his printing 
press are still preserved, eithcr in complete 
copies or in treasured fragments, kept as_heir- 
looms in families or carefully guarded in public 
institutions. The printing art spread rapidly 
over a great partof Kurope. There were printers 
busily occupied during the days of Caxton at 
Rome, Venice, and Milan, while France, Germany, 
and the Low Countries became occupied at a 
very early period in the great new movement. 
A new world of letters was beginning to grow 
up, and the clearest practical evidences were 
given that humanity was no longer content 
to live intellectually on the bequests consigned 
to it by the ancients. Science was also bogin- 
ning to makes its existence known—acience, that 
is to say, as we understand it now, the study 
of actual realities, and the discovery of systems 
founded on careful caloulation and comparison 
of figures and facts, and not the mere theories 
and exalted speculations of gifted philosophical 
imaginations. 

Invention of Gunpowder. Not very 
long before the discovery of the art of printing 
—indeed, almost about the same time— another 
art had been discovered which had a very 
different effect on the whole subsequent history 
of miunkir‘] from that wrought by the use of 
printing—the art of making gunpowder. The 
Invention of gunpowder is generally believed 
to have been the birth of one of the closing 
yeirs of the fourteenth century, There are, 
in leed, some theores that it was in use long 
b-fore that time in China and in Hindostan, 
and it ws certain that Roger Bacon, who died 
in 1292 or 1204, mentions in one of his treatises 
the existence and the use of such a composition. 
But the uses of gunpowder as the great weapon 
of war had only come into recognised and un- 
versal application a short time before the printing 
press had created a new era for literature, 
for science, and for popular education. 

The earliest effect of this new mgredient in 
the making of war was to render the sovereigns 
and nobles more powerful than they had ever 
been, and to give, toe the time, a lessening chance 
to any popular efforts towards the resistance 
of tyrannical and oppressive laws and forces. 
When the weapons to be used in war were only 
made of iron and steel, the peasant insurgent 
could use his edged and pointed weapon, how- 
ever rude ite construction, with much the same 
effect as the knight could use his burnished 
sword blade or polished lance-head. But the 
making of gunpowder required science and skill, 
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large capital, and the employment of scientific 
artificers, and was not to be accomplished by 
sufferers from oppression who belonged to the 
humbler classes. There came a time, indeed, 
when gunpowder was made to serve the cause 
of popular revolution as it had served the cause 
of dynastic and feudalistic oppression, when it 
became the servant of plebeian uprising as readily 
as that of patrician down-trampling. 

Christopher Columbus. The discovery 
of that vast region which we still call the New 
World belongs to this period. Christopher Colum- 
bus was born in Genoa, in 1447, and was brought 
up by his parents to the business of a wool- 
comber. He soon developed a passion for the 
life of the sea, and at fourteen years of age he 
became a sailor. The vessel on which he was 
engaged had many fights with roving galleys 
belonging to Tunis, and the young man under- 
went several perilous adventures. As the result 
of one of these, he had to escape on a plank 
from shipwreck, and was flung ashore on the 
coast of Portugal. He settled in Portugal for a 
time, and there became possessed with the belief 
that a new way, and the best way, for reaching 
India would be by sailing westward. He 
formed elaborate plans for an expedition with 
that purpose. He submitted his project to King 
John TI. of Portugal, later to Henry VIL. of 
England, and still later to Isabella, Queen of 
Castille His plans were at first rejected, but 
Columbus was persevering, and pressed them 
again and again, and atter seven years of 
alternating hope and despondency he succeeded 
in sccuring the patronage and support of 
Ferdinand and Isabella—-then rulers of Spain 
His plans were accepted in April, 1492, and on 
August 3rd in the same year Columbus, now an 
admiral, set out on his voyage of discovery in 
command of a small vessel, the Santa Maria, 
with a crew of fifty, accompanied by two smaller 
boata. In his first voyage he came upon the 
Bahamas, and afterwards reached Cuba and 
Hayti. In his second voyage he came upon 
Dominica in the West Indies. These voyages 
were disturbed by many wrecks, and he found 
it hard to keep up in his crew the nerve and 
the patience needed for such adventures. 

Diecovery of America. After many 
-quarrels with his associates and a long illncss he 
returned to Spain in deep depression, but not yet 
content to abandon all his hopes. He organised a 
third expedition, the result of which was the dis- 
covery of the South American continent. His 
Jast great enterprise was a voyage in which he 
found his way to the south side—the Gulf of 
Mexico. Columbus had discovered North and 
South America, won for himself an undying 
fame, and opened out an entirely new world for 
all explorers and settlers. The fame he acquired 
was not the fame which he had sought, and it 
might almost be said that he became, in spite of 
himeelf, the greatest discoverer of new realms 
that humanity had ever known. 

We shall have to trace the growth of North 
and Sonth America, and especially the manner 


in which tho northern continent came to be one 
of the most important and powerful among the 
states of the world, the shelter and the home of 
people from all regions of the earth, and how it 
gave to the republican principle of government 
ite most enduring illustration since the birth of 
Christianity. Columbus settled in Spain after 
his great discoveries, where hia most powerful, 
enlightened, and generous supporter was Queen 
Isvbella. But the greatness and importance of 
his discoveries made enemies for him there, 
because ambitious nobles and others believed 
that Columbus was bent upon a career of self- 
agegrandisement at the expense of all opponents. 

Columbus died on May 20th, 1506, at Valla- 
dolid, little more than a year and a half after 
the death of his patroness and friend Queen 
Isabella, and at the time of his death he was 
suffering severely from the injustice and persecu- 
tion employed against him by the Spanish 
Government. It is a characteristic illustration of 
how Columbus failed to have early justice done to 
his caroer that the two great continents which he 
discovered should not have recognised him in 
their established name. We have North America 
and South America—the name of each continent 
taken from that of Amerigo Vespucci—a 
Florentine who was a provision contractor at 
Cadiz. During the early part of Columbus’s career 
Amerigo Vespucci had contracted to supply him 
with provisions for some of his expeditions, 
and later on he made a voyage to the New World 
on the track of Columbus, on the strength of 
which he afterwards claimed to have been the 
first to discover the continent. 

The First English Settlement in 
America. That New World remained for 
a long time mainly an exploring ground for 
Spanish colonisation, and the names of Cortes 
and Pizaro will always be associated with 
certain parts of it. There were many French 
conquests and colonisations there—and, indeed, 
most of the states of Europe sought for 
rcttlement on its territory. The first English 
settlement m Amorica was accomplished by Sir 
Walter Raleigh, at Rowanoak, Virginia, which 
was called after the Virgin Queen Elizabeth. 
The discovery of the New World, and the 
opening it gave to the enterprise of Europe 
come appropriately in this chapter because 
they bear testimony to the spirit of practical 
and scientific discovery and inquiry which 
forms so impressive a characteristic of the 
whole period. The struggles going on about 
the same time bet ween rival states in Europe did 
not prevent European sovereigns from encourag- 
ing adventurers and explorers of every kind to 
seek out territory in the newly-discovered world, 
and to annex new dominions to the seignorial 
possessions of Eurbpean crowns. The two great 
American continents give evidences of the rush 
which was made upon them by foreign invaders, 
but while North America came more and more 
into affinity with England, the continent of 
South America was from first to last the colony 
of various states on the continent of Europe. 


Conténued 


3606 


Railway Joints, Crossings, and Points. Friction on the Rails. 
© Water Supply. Culverts, Fencing, and Platform Structures 





RAN WAY CONSTI RUUTION 
conthutied from page 2437 


By R. W. WESTERN 


Rail Joints. The simple expression rail 
jointa comprises what has always been, and 
stil] is, one of the main difficulties of making 
a satisfactory railway. The forms of joint are 
innumerable; none is perfect. A common form 
is shown in section in 51. 

To understand the requisites for a good rail 
joint it is necessary to have a clear idea of 
the mechanical action of the loaded wheel 
pees ee the rail. The rail is bent concave 
upw between the sleepers between which 
the wheel is at the moment, and concave 
downwards both in front and behind, but 
particularly in front. The action will be better 
unders in detail by the light of the theorem 
of three moments. us, 88 an engine moves 
over the line it is accompanied by a wave in 
the rails which subjects the upper and lower 
flanges alternately to tension compression. 
When this wave reaches a joint in 
the rails, it reaches, unfortunately, 
a place at which the resistance 
offered both to tension and com. 

reasion is less than elsewhere. 

nsequently the rail, the ” 
immediate support of the % 
wheel and flange, gives way 
unduly at this spot, and from 
the very fact that it gives 5@-N 
way, this spot, of course, re- 
ceives heavier jolts than any 
other part. There is a 
popular belief that the 
shock which is often 
distinguished in a rail- 
way carriage as the 
wheels pass over a joint, 
is due to the gap provided for the expansion of 
the rail on a rise in temperature. is, how- 
ever, is not the case. Similar gaps filed in the 
head of the rail away from the joint cause no 
appreciable shock as the engine passes. The jolt 
at the joint is due to the weakness inherent in 
the joint, and until the perfect joint is discovered 
the jolt is inevitable. 

The stiffness and moment of resistance of a rail 
at the joint should. be the same as elsewhere. 
This condition has been the aim of all designers 
of rail joints, and it must be the object of all 
whose business it is to see that rail joints are 
made and maintained that these conditions are 
as nearly perfect as circumstances permit. 

on for Joints. The joint is 
Bu by placing the sleepers on each 
side of it closer together than the others. In 
light railways the joint may be placed on the 
top of a ap ats This method cannot be used 
on heavier , a8 the weakness of the joint 
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causes pressure at this point to be less distributed 
than elsewhere, and the sleeper over which the 
joint is placed is soon knooked out of level. 

The plan of making the rails break joint— 
that is to say, placing the joint of one rail 
half-way between joints of the other—is some- 
times practised. 

Care must be taken that the proper odd lengths 
of rail are used in curves, aa otherwise the sleepers 
will come to be unevenly distributed, producing 
an ununiform road- Thus, if there be a 
sleeper at each joint and five between, the effect 
of the joints in the inner rail being displaced 
forwards on rounding 8 curve is to bring the 
sleepers under the first part of the next rail 
nearer together, and this defect continues after 
the curve is passed and until corrected. The 
advantage of making the rails to break joint 
is the increased resistance which is thereby 
given to any Jateral dis- 
placement of the line. 

In general, the joint 
sleepers in the oase of a 
uy suspended joint should 
be a distance apart equal 
to six-tenths of tho dis- 
tance apart of the inter- 
mediate sleepers. A 
suspended joint is @ joint 
placed between two 
sloepers, which are calle 
joint sleepers. The ad- 
vantage of longitudinal 
sleepers in facilituting 
the design of a good rail 
joint will now be under- 
stood. 

Testing of Rails. Rails ure geal tie 
tested at the works where they are rolled, 
those responsible for the quality of the material 
used for the railway Hs lags for facilities 
for overlooking the whole process of manu- 
facture. Both chemical and mechanical testa 
are required to establish the value of a steel rail. 
The suitability of the metal chiefly depends i 
the quantity it contains of various metaloids— 
carbon, phosphorus, silicon, and sulphur. Tho 
effect oe these substances upon the properties 
of steel may be studied in another seption. For 
the present purpose it 1s sufficient to say that 
sulphur should be absent, phosphorus should not 
exceed 1 per cent., silicon should not exceed ‘2 

cent., carbon should exist in quantities 
beiweca ‘83 and ‘45 per cent., a rather larger 
proportion being allowed for heavy rails, but 
not more than ‘55 per cent. in any case. 

A high proportion of carbon renders the rail 
very much harder, and therefore more resistant 
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to wear, but at the same time it renders it 
brittle, so that a high proportion of carbon is 
suitable only for strong, well-built roads, over 
which a great deal of heavy traffic passes without 
much shock. From this it will be seen that a 
high carbon steel is not suitable for new con- 
struction at all, since, however carefully built, 
a recent construction is always liable to irregular 
settlement, and new roads acldom have very 
much traffic to deal with at first. The presence 
of nickel adds to the durability of a rail, and 
nickel steel rails have 
been used for this reason 
on curves over which Le 
« heavy traffic paqses, ..... 
but the advantage here 
conferred has to be care- 
fully balanced against 
the extra cost of intro- 
ducing the nickel. The inspector for the railway 
18 usually furnished by the manufacturer wit 
an analysis of the steel made each day from 
drillings taken from a test ingot. 

Mechanical Tests. The mechanical 
tests include the ordinary determinations of 
elastic limit, ultimate strength and elongation 
at rupture, but in default of these or in addition 
to thom it is very common to resort to the 
drop test. Whore rails are not specially 
rolled for the construction of the road, the 
drop test furnishes a ready means of ascer- 
taining the quality of the metal of which 
they are composed 







he Drop Teast. For th drop 
test the rail is placed on ; 
solid supports 3 ft apart, Q_ 4¥ 
and a ton weight 18 S 
allowed to drop upon the 
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cuil midway between the S 
supports ‘The total length . 
of the rail should os exceed aN 
(} ft., or the weight of the 
overhanging portions will SS 
add to the resiatance of the 2) 
central part. For rails of ‘ 
50 Ib. weight to the yard the drop should 
be 14 ft, and 1 ft. may be added for each { 
increase of 5 Ib. in the weight of the 
rail per yard 

The raila should correspond accurately 
to the prescribed weight. Variations in 
section should not exceed A, in.; varia- 
tion in length should not exceed } in. 
The holes for the bolts at the joints 
must be accurately placed, and must be 
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service of the rail tly depends upon it. 
Rails being the essential things about a railway, 
it is impossible to know too much about them. 
Pointe and Crossings. The advantage 
of constructing the tyres of the wheels of relling- 
stock with flanges in order to guide them along 
the rails ia accompanied by the drawback that, 
whenever it is desired to transfer rolling-stock 
from one set of rails to another, the continuity 
of the latter must be broken. Gaps set in the 
rails to permit the passage of wheel flanges are 
called crossings. 

The Frog. A dia- 
gram is given (52) of the 

- gaps provided at the 
- place where two lines 
of way first come into 
contact ; it is often re- 
ferred to as a frog. The 
point in the middle where the dotted lines are 
seen to cross each other is the centre of the 
crossing It will be seen that the two rails 
approaching each other from the left meet in 
a point which is not extended to the centre of 
the crossing, but rounded off before this is 
reached. There is danger lest the flanges of 
wheels passing from right to left should strike 
this point if it be advanced too close to the 
centre of the crossmg Under any circum- 
stances it is a place that is subjected to 
special wear, and must be fixed and 
strengthencd with special care. The rails 
approaching each other from the right 
arrive at their minimum distance apart — 
referred to as the throat of the frog—at a 
point about as far from the centre of the 
crossing as the termination of the other 
ruils The rails then increase their distance 
apart, and pass on each side 
of the opposing rails, forming 
a guide for the outer side of 


we the flanges of the wheels of 

the rolling stock, and are 
Ww finally splayed out to avoid 
Ne any danger of being struck 


by the flanges of wheels com- 
ing from the other direction. 
The Angie. The in- 
clination of the two sets of 
rails to each other is the angle 
of the crossing ; it is com- 
monly referred to by number; the number 
is half the cotangent of half the angle. 
Clearance. Lines may cross each 
other at any angle. In order to under- 





clean— that is, free from burrs. 68. LaruE stand the provisions which should be made 
Rails must show no irregularity on aNnaLE to enable this to be done with safety, it 
top, but be perfectly smooth; the ends crossrxu must be remembered that the flanges are 


must be cut precisely at right angles and 
all burr removed. It is convenient if the name 
of the manufacturer be rolled in raised letters 
on tho side of the web of the rail, together with 
the date, and it is sometimes provided that the 
number of the *‘ blow ” shall be stamped there, 
so that if a number of rails from one blow 
rove defective, the remainder may be identified. 
he heat treatment of steel should be studied in 
the article on metallurgy, as the future useful 
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_ upon the inner sides of the wheels and 
project about an inch beneath the level of the 
top of the rails, also that the distance between 
the side of the flange in contact with one 
rail and the side of the flange in contact with 
the other rail is rather less than the gauge 
of the railway—that is to say, there is 
always some play or clearance between the 
rails and the wheel fi When two 
linea of way cross at a angle, as is 


a 


shown diagrammatically in 58, a jolt as the 

wheel passes over the gap cannot be avoided. 

When, however, as in 52, the crossing is made 

at a small angle, the jolt is very greatly dim- 
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pointed rails that can be awitched aside so 
as to be paased by the wheel flanges either 
to the 
An illustration of a 


on one side or the other, accordin 
position of the points, 
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inished, if not entirely obviated. The effect of 
the acuteness of the angle of crossing is to 
bring the gaps in the rails into the form of an 
elongated parallelogram ; and since the breadth 
of the tyres of the wheels is always made greater 
than that of the top of the rails, the wheel will 
have already reached the new rail before it has 
entirely left the old. 

Guide Rails. It will be scen in 58 that 
additional rails are provided inside the usual 
rails to guide the wheels by confining the move- 
ments of the flanges on their outer sides. This 
hes  alreadv 
been referred 
to in 52 The 
effect, of these 
is to provide 
that at the 
moment when 
one wheel 18 
passing @ gap, 
and therefore 
not so com- 
pletely under 
the guidance 
of its flange as 
at other times, 
the other 
wheel fixed to 
the sume axle 
1s = provided 
with a rail on 
each side of its BB. 
flange, so that 
any tendency to movement from side to side is 
sufficiently opposed. 

Switches and Points. One means of 
diverting a train from the track upon which 1 1s 
running to another line of way has been sufh- 
ciently described in the account which has been 

iven of the contractor's or temporary railway. 

ese contractor’s crossing and sfub switches 
have been constructed with elaboration for 
nent use, but have not been found satis- 
actory. On the permanent way the divermon 
of rolling stock is now universally accomplished, 
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point, together with the stock rail or ordinary 
rail with which it 18 associated, 1s given in 54. 
The points are well illustrated in the photograph 
{55}. The length of the switch, often called tongue 
rail, is usually about 15 ft. At the thick end 
it is pivoted, and here its cross-section is tho 
same as that of the stock rail; its distance from 
the atock rail at this end must be sufficient to 
allow the flanges of the wheels of the rolling 
stock to pass between. At the other end it is 
pointed, and the movement of the pivot is to 
enable this end to be moved, cithor away from 
the stock rail 
wo that the 
flanges of the 
wheels can 
pass oat thin 
ond also, or 
close against 
it, so that the 
point comes 
between the 
wheel flange 
and the stock 
rail, this die 
verting — the 
wheel and 
cusing it to 
roll upon the 
switch 

Cross: 
over Road. 
Fiz 66 shows 
diugram- 
matically the very ordinary arrangement: pro 
vided for crossing froms one fo snother of two 
parallel roada = The position of the frogs and 
switches and the guide riuls will at once be 
recognised = The photo [55! alxo contaims several 
illustrations 

Trailing Points. Ji will be seen {56} 
that trains passing from A to Bocome upon 
the pomt railx at the heel or pivot end first 
Thus, whatever the posttion of the points, the 
direftion of the train could not be affected 
by them, and the pressure of the flanges of its 
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56. ORDINARY CROSS-OVER ARRANGEMENT OF RAILS 
in the first instance, by means of aswitch andcom- wicels would tend to press the point rails 


by an elbow or “L,” a gap in the rail, of 
which an example will be seen in the centre of 34. 
The pointe or switches are names given to 


into their right position and retain them there, 

Facing Pointe. (n the other hand, trains 

passing from B to 4 would come upon the 
360!) 
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57. THE MOST SIMPLE SYSTEM OF POINTS 


See Simenigesee eee 
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58. THREE-THROW POINTS 


point rails, point firat. Thus, if these were not 
in the right position the train would go wrong, 
and if, while the train were passing, the puints 
where changed in position, the train would be 
broken in two, by the latter part of it being 
differently directed to the first. Facing points 
are, therefore, very much 
more dangerous than 
trailin points, and 
should be avoided 
wherever possible. 
Thus, if 56 be taken to 
represent a double line 
of way, the direction of 
traffic would be from A 
to B and from D to C, 
and not the other wa 
about under any avoid- 
able circumstances. 
LockKing-bar. In 
places where facing 50. TURN-OUT FROM 
points cannot be avoid MAIN LINE 
the mechanism by which the points are shifted 
is best connected with a bar called a locking- 
bar, disposed on the inner side of one of the stock 
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rails so as to be locked or fixed in its position 


by the flanges of the wheels so long 
as a train is passing or standing over 
the points. The pomta, bemg im- 
movable while the locking-bar 1s 
fixed, are kept in one position, 
whether right or wrong, until the 
whole train has moved by. The 
mechanism by which the points are 
moved ia simple in principle but 
exceedingly complex in applica- 
tion. It consists essentially of a 
series of links and elbows or bell 
cranks, such as are arranged by 
the bel]-hanger about the domestic 
house. Sizice movements must 
be provided in both directions, 
rods must generally be used 
instead of wires, and the _, 
levers are usually connected 5-3. 
with the signalling apparatus | ~ 
in such a way that the posi- 
tion of the pointa is known by 
the position of the signals. 
InterlocKing. The detaile of the 
ni iam by which these effects are 
produced and controlled from the signal- 


3610 


cd 
e2ee 5 
~ 
x 
Ld 
“3 
a 
e 
e 


where there are often many acres of 
ground covered with crossing and 
branching lines of way. In thgse 
situations electric methods are now 
being introduced. 

Varieties of Points. Points 
are not necessarily provided with more 
than one tongue. Thus, in 57 is 
shown diagrammatically what are 
still called points, though only one 
is, in fact, a movable point. It will 
be seen that the movement of this 
switch at the bottom of this figure 
will suffice to c the direction of 
a pair of wheels coming from the right, so that 
on reaching the fixed point at the top of the 
figure the flange of the wheel on that rail will 
already have been brought into the right position 
to pass it, whether on one side or the other. In 
58 threc-throw pointe are shown diagrammati- 
cally. Here more than 
one set of points are 
introduced at the rame 
spot, and a train com- 
ing from the right may 
be sent in any one of 
ue three directions. Neither of these devices 
are suitable for main line traffic, but are often 
useful in station yards where the space is confined. 

Safety Points. These are points main- 
tained by means of a weight or spring in such 
a position as would send a train or engine, etc., 
ito safety when approaching them as facing 
points. In order that the train or engine, etc., 
may be sent in the alternative direction, some- 
one must lift the weight or release the spring. 
There are many situations where this device 
is useful; it is often provided for sidings lest 
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the trucks therein be blown by wind or other- 
wise brought on to the maim line by accident 

Design. Points and crossings are cntical 
parte of the permanent way; they are subject 
to special wear, and must be specially designed 
and supported The great majority of railway 
accidents are due directly or indirectly to defects 
in their parts. The approximation of the 
sleepers has already been shown in 84 The 
actual dimensions of the metal contained in 
the frogs and switches depend upon the sec- 
tion of the rail in use, the gauge of the hne, 
and other circumstances A junction or cross- 
ing may have to be effected at very different 
angles 

One line may be straight and another 
curved, or both lhnes may be on the curve, 
and they may be curving in the same or 
in the opposite direction, introducing 
trigonometrical problems of some 
complexity. 

A Turn-eout. In 59 the simple 
case of a turn-out from the main hines 
is exhibited diagrammatically Here Grepresenta 
the gauge of the railway in feet, R the radius of 
the curve by which the turn out is effected, and 
A the angle of the crossing ; L, the distance in 
feet between the springing of the curve from the 
main lines and the centre of the crossing, 1s 
called the lead The followmg relations are 
immediately obvious : 


0 
= Geot_, 
L cot 5 


2) 


The two rails of the line turning out of the 
other have, of course, radi of curvatures difformg 
by G, the width of the gauge separating them 
R is the radius of curvature of the centre line 

A convenient form for 
expressng the lead is “™s 
A(R, +R,)G, nm which R, ee 
and R, are the radu of curva- 





ture of the two rails re- 
spectively 
In the foregomg, it 18 


assumed that the pomts are 
placed at the springing of the 
curve and dre themselves curved 
to the proper radius, also, 
that the lines of the frog are 
also curved. These conditions 
rarely obtam except in street 
railways when curves are eharp, 
consequently, im careful work 
the fact t these portions 
of the turn-out are straight lines 
must be taken into ac- 

count. It is, haps, 

well to point out that con- 
ederations of space have 
caused the curves in 50 
to be drawn very much 
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61. CROSS-SECTION OF CULVERT 


Weight of Rails. Tho proper weight of 
rails for a railway may be calculated from the 
followmg formula: 
weight per yard (Imear) — 17 (E+ 0001 Ew’)™ 
where Ein the maximum load on ono wheel in tons 
and V is the maximum speed in miles per, hour 

Thus, if the maximurn load on one wheel were 
10 tons and the maximum speed 40 milled per 
hour, the rals should wmgh 87 lb per yard, or 
about 76 tons por mile of single linc 

Curves. The curves of a rmuiway are 
described either according to the Jength of the 
radius of the circle of which they form part of 

the circum ference, or wecord 
ro" ing to the angle at the centre 


a of the ciurdle which 1 sub 
tended by a chord 100 ft in Jength 
ay Thus a 6 degree curve would be, 
al approximately, the same as a CUrVO 
having a radius of 955 ft, and a 15- 

chain curve would) be, approx 

--rr-4 mately, the same as a 6 dog 44 mun 
curve The amount of Curvature is 
usually referred to as so many 
| degrees per mile of line - that 16 to 
say, the total number of degrees 
eicumecribed divided by the length 

of Ihne errcumsernibing ‘fess 


Friction on Curvea. The 
oxtra wear and romstance 
to traction duc to curva 
ture in of Course greater 
on a sharp curve than on 
a comparatively flat 
curve, but the length of 
the latter i proportion- 
ately greater, 80 that the 

ate effect of the 
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be mad ye ,  uUrvature ms governed by 
neg ek aa Stee wie este: i longitudinal = the magnitude of the 
passenger railway 62. SMALL CULVERT sum of central angles 
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of the curves about which the rails are turned. 
Curvature to the amount of 600 degiees per mile 
would have the effect of doubling, approximately, 
the resistance to traction; it would indeed offer 
about the same resistance to traction as an 
incline of 1 in 100, and be very much more ob- 
jectionable—first, because the resistance would 
be the same both ways; secondly, because the 
wear would be much more both on 
rails and wheel tyres. 

The interaction of tyres and the 
rails will be best understood by re- 
ferring back to 87. The surface of 
the former, which comes into contact 
with the top of the latter, is called 
the tread. This is always shaped in 
the form of a cone. The coning is 
slight, and not sufficient to be very 
obvious, but, were the surface of the 
treads to be extended, a double cone 
would be formed, having an apex on 
the outer side of each whcel and in 
line with the axle. Hence, when run- 
ning upon a straight portion of the 
line of way, the wheels will tend to 
take a central position, with each 
flange clear of the rail. When run- 
ning upon a curve, the flange of the 
wheel on the convex side of the curve 
will be scraping against the side of 
the wheel, except so far as this is modified by 
superelevation, which will be explained later. 
The effect of the wheels being fixed to the axle 
and thus necessitating the slipping of one of 
them an inch for every degree of curvature, has 
already been dealt with in treating of the wear 
of the rails and length of the rails This effect 
is in some degree modified by the coning of the 
heads, since the portion of the tread in contact 
with the outer rail is rather larger in diameter 
than the portion of the tread in contact with the 
inner rail, and will therefore move further than 
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about a vertical axis. It is sufficient to point 
out here that the absence on railway trucks, etc., 
of anything equivalent to the looking apparatus 
of a road carriage, causes on curves veer the 
same amount of scraping and friction with, the 
road as would result from turning a corner with 
an ordinary four-wheeled vehicle when the 
locking was jammed fast. While passing round 

a curve the carriages of which a train 
is composed form angles with each 
other, and on any change of curva- 
ture or reversion to the straight 
the buffers of the carriages—when 
lightly -oupled—grind against each 
other. 

In modern railway design, the 
numerical results of the effects of 
curvature upon the aie and annual 
expenditure is carefully calculated. 

Superelevation. According 
to the first law of motion [see Phy- 
sics}, a train will continue to move 
on in the same straight line until 
acted upon by a force sufficient to 
divertit. On reaching a curve in the 
line this force is supplied by the 
pressure of the outer rail of the curve 
fv on the flanges of the outer wheels 





64. SECTION OF WALL of the train, save as hereinafter ex- 


lained. It is, of course, undesir- 
able that all the pressure should be provided by 
pressure on one side of one rail, when by 
raising the level of the outside rail of the 
curve sufficiently above that of the inside 
rail of the curve the needful pressure would be 
exercised by both rails, and upon their upper 
surface. 

The outer rail of the curve should, therefore, 
be raised sufficiently that the component of the 
force of gravitation in a plane parallel to that of 
the rail-tops shall suffice to divert the path of 
the train to the degree required by the curvature. 
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68. COMMON TYPE OF POST AND RAIL FENCE 


the latter during a given number of revolutions. 
Thus on a curve of about half a mile radius there 
would be little or no slipping from this particular 
cause. There remains, however, another result 
of curvature of the line, and by no means the 
Jeast important. A carriages have a 
sey Otreneoment as it is called—that is to 
say, axle upon which the two front wheels 
are attached, and to which the shafts, or, in a 
motor-car, the steering-gear is fixed, is movable 
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The amount by which it is raised is called the 
superelevation. If all: trains moved round a 
curve at thesame rate the superelevation could be 
calculated to fulfil perfectly the conditions above 
set out, eo that the wheels would pass with their 
flanges equidistant from the rails, as before ex- 
plained. However, all trains do not move 
round a curve at the same rate, so & compromise 

1w pted ing to the traffic. con- 
ditions. The application of e tary mechanics 


will show the superelevation for a line of 
standard gauge to be ‘4 hl in feet, where V is 


the speed of the train in miles per hour and 
R the radius of the curve in feet. Of course. 
on curves with an up grade the average speed, 
and therefore the superelevation, will be less, 
and where trains are to pass in both directions 
another compromise must be effected so that 
superelevation only partially counteracts one 
source of friction upon curves. 

Transition Curves. So far, it has 
been assumed that the curves of a railway line 
are throughout the arcs of circles. Now, a circle 
is a curve of uniform curvation ; immediately 
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65. 


a train or, rather, a pair of wheels, enters upon 
a circular curve, it begins to turn, and continues 
to turn at the same rate until it passes out of 
that curve. The superclevation ought, there- 
fore, to be as great at the beginning 16 at any 
ther of a circular curve. : This 16 seen in 
the form of the expression for it already given. 
“4 V2 

~ depends only upon the speed and the 
radius of curvature. But the outer rail cannot 
be suddenly raised 4 in. or 5 in, as the case 
may be, at the tangent point where the curve 
begins, or similarly depressed at the end of the 
curve. The superelevation must, therefore, 
begin before the curve and he increased upon 
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the curve, being there too much and here too 
little, and causing a lurching of the train very 
unfavourable to steady running. 

_ Obviously, therefore, the right thing to do 
is to begin the curve at tangent point with a 
circle of infinite radius for which the super. 
elevation would be nothing, and continue it by 
reducing the radius of curvature and at the 
same time increasing the superelevation, until 
the desired radius of curvature and ite proper 
superelevation were ice) attained. he 
mathematics involved in such procedure is 
complicated, and though tables have been 
computed by the help of which transition can 
be made in this manner, it is more usual to 
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GATE AND WICKET FOR LEVEL CROSSING 


introduce a short cubie parabola between (he 
circular curves and the straight portions of the 
linc wherever required for the safety of the 
service, or for the comfort of the passengers. 

See the articles on Surveving for the means 
to be adopted to lay out a cubic parabola. 

Waterways. The bridging of rivers and 
brooks is dealt with in another article. It 
remains, however, to treat with exceptional 
rainfall. This is not conspicuous in our 
favoured islands, but most countries at 
intervals of 10 years or 20 years (or oftener 
in the Tropics) are subject to storm-bursta, 
etc. when water appears in places which 
are at all other times dry, in quantitics 
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sufficient to demolish long stretches of railroad 
uniess provision has been made to deal with 
them. To this end the character of the rainfall, 
the soil, and the area drained must be examined. 
The question to decide is: How much of the 
rain falling on one side of the railway must 
it to the other side and in what time? An 
inch of rain in 15 minutes is, of course, a very 
different thing to an inch of rain in an hour, 
since fhe latter has four 
times as long to run away. 
A porous soi] will soak 
up a lot of rain, whereas 
a clay soil will allow nearly 
the whole of it to run off ; 
and the same thing will 
occur on porous soil if a 
storm-burst occurs after 
a rainy period when the 
soil is saturated. If the 
drainage area stretched 
away from the railway a 
long distance, the water 
from it will arrive in more 
manageable amounts than 
if it were al) within a short 
distance of the railway. 

Area of Opening. 
The first rough idea of 
what area of openings through the line will be 
needed to carry off flood watcr may be gained by 
applying the formula 

A= CYS), 

where A is the number of square feet required 
for the openings, S the area drained in acres, 
and C a constant quantity; to be taken equal 
to 1 or ‘7 for steep, rocky localities, ‘3 for 
rolling country, and ‘2 or less where the drainage 
area stretches away from the line a distance 
five or six times ita width. 

If, then, the area drained were 10,000 acres 
of ordinary agricultural land the number of 
square feet of opening required would not be 
less than 200 ft. or more than 700 ft. Thisisa 
very wide margin in which to exercise judg- 





66. PLAN OF RAILWAY WATER TROUGH 


with a strong arch above to transmit the 
pressure from above, and an invert arch with 
concrete foundations to distribute the pressure 
ote rola ie oil tragmeatly te tan Gang ie 
recaution it wi uently e 
Culverts in a high cabankavent have been bent 
downwards in the middle by pressure of the 
superincumbent earth. Smaller culverts may 
be built in the manner shown in 63, where the 
end elevation and longitu- 
dinal section as well as 
the cross-section is shown. 
Culverta, particularly a 
culvert of circular section, 
as this is, may be per- 
mitted to run full or even 
with a head as a level 
of water higher than the 
height of the inside of the 
culvert on the up side is 
called. In general, how- 
ever, it ia best to make the 
culverts sufficiently large 
to prevent flood water 
“backing up” agains the 
railway bank. 

Pointe about Cul- 
verte. It is in all cases 
important to preserve the 
embankment near the openings of culverts from 
the erosion of the water entering or leavin 
them. Thus, wing walls are often provided 
hke those attached to ordinary bridges, but on 
a smaller scale. In 62 the culvert is shown 
provided with a flat face, and a channel of 
stone pitching slo at 1 in 12 and 12 ft. 
long, is built at the down end to c away 
the water rapidly and safely. The culvert 
itself should have a slope of 1 in 20. Caat-iron 
pipes are also useful for small culverts, and 
those too defective to carry water under pressure 
are often good enough. 

A culvert may sometimes be economically 
roofed with old iron rails placed contiguously. 
Indeed, there are a great many uses about a 
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it may be examined Y 
and compared. Ifsuch upen- 
ings have proved sufficient, 
the value of C implied by 7% 
their size may be introduced 


with confidence in the above 67. 


calculation. Marks left by 

the high water of year fioods should be care- 
fully sought ; in default of similar structures to 
go by, they will often serve as a guide to the 
maximum of water to be dealt with. 

Culverts. The openi in the line to 
allow for the a oe of exceptional floods 
like those for the bridging of small* perennial 
streams, are called culverte. Cross-sections of 
these are shown in 60 and 61. It will be seen 
that they are of brick, and substantially built, 
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SECTION OF RAILWAY WATER TROUGH 


railway to which old sleepers and iron rails 
may be put. ' 
e earth on each side behind the walls of 
& culvert must be rammed hard and not tipped 
loosely over it to be consolidated by time and 
the weight of more earth on the top. Thorough 
ramming, as described, will relieve the culvert 
itaelf of much ure and serve to sustain it 
inst the to curl rerum gl 
the bank as it settles. If the crown of a 


culvert be allowed to approach too near forma- 
tion level, there is sure to develop a bump 
which will be very perceptible as an engine 

above it, and which once established is 
most difficult to cure. The crown of 8 culvert 
should, therefore, be kept 3 ft. or more below 
the formation level. 

Fencing. A well-grown hedgo forms the 
most economical fence where the soil, etc., is 
suitable, but it takes some time to grow. Sup- 
plemented by barbed wire to prevent trespass 
it makes a very satisfactory boundary. In- 
numerable other forms of fencing aro in use. 
A common type of ordinary post and rail 
fence is shown in 68. When a wall is necessary, 
the dimensions given in 64 are necessary and 
sufficient. 

It frequently happens that gates must be 
provided in the fence to enable farmers’ carts, 
etc., to cross the line. A common examplo is 
shown in 65,in which a side wicket is introduced 
for foot-passengers. I[t will be noticed that the 
gate-posts are squared only above ground and the 
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hundred gallons per mile are the usual limits, 
and stations for water supply should be 
saree at intervals not greater than 16 miles 
or the lightest traffic, and as close as 10 or 8 
miles on roads over which the traffic is hoavy. 
The general question of water supply may be 
studied in another articlo. 

Track Troughs. (n lines where a quick 
service is necessary, and long distances must 
be accomplished without a stop, troughs con- 
taining water are placed upon the sleepors 
betweon the reils. Passing trains are fitted 
with a scoop which enters the trough while 
moving and lifts sufficient water to enable the 
engine to procecd, Illustrations of such a trough 
are given, tho plan in 66, and half-section in 
67. The accompanying photograph [68] shows 
graphically the section of,a railway line with 
two water troughs. Such troughs are usually 
placed in cuttings where a natural supply of 
water can be obtained by gravitation. 

By the action of the scoop a great deal of it 
is spilt over the line, and special means must, 
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68. SECTION OF RAILWAY LINE WITH WATER TROUGHS 


timber beneath is left in the rough. This gives the 
post a better hold on the ground, and provides a 
better defence against decay. The wood under 
ground should also be charred. If the timber 
below ground is not left rough. charring will 
weaken it unduly, and the post in this case should 
be creosoted, as sleepers are. A stout fener 
may be constructed of old sleepers where these 
are available. The sleepers of a standard 
gauge railway being 9 ft. long permit of a fence 
5 ft. 6 in. high, 3 ft. 6 in. being under ground. 
Old rails may also be turned to account in like 
manner, though there are generally other more 
useful purposes to which they may be put. 
WaterSupply. The water consumed in 
locomotive boilers is a very variable quantity, 
and depends chiefly upon the work done by the 
engine. On down grades it will be small, on 
up grades it will high, and heavy trains 
will involve a consumption greater than light 
trains, by an amount roughly proportional to 
the difference of weights, supposing that the 
same length of line is under consideration and 
the speeds are about equal. Fifty to one 


therefore, be taken for the drainage of the 
permanent way in these places, The half. 
section in 68 shows how this may be accom. 
dished. Two fect of stone pitching is provided 

neath the ballast, and 6 in. of cinder below 
the stone pitching where the troughs are placed, 
while at the side is shown the diminished 
thicknesses provided for other parts of the same 
cuttings. Since the surface of the water in tho 
troughs is necessarily level, the rails are made to 
slope from the commencement of the trough, Ko 
that the scoop enters the water automatically. 
It is made to leave the water by the same means, 
As to the quality of water required for locomo- 
tive boilers it does not differ from that required 
for other steam-using purpose. 

Water Tanks. The water tank on the 
tender of a locomotive may contain 30 or 
20 tons of water, and tankn by the wayside 
from which the former are tu be supplied 
must be dimensioned accordingly. They should 
be placed 8 ft. 6 in. from the centre of tho 
nearest track, and about 12 ft. above the 
level of the rails. It ix sometimes neconnary 
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to provide for the injection of steam to prevent 
freezing, but this applies with most force to the 
water troughs described. 

Stations. Large stations are usually 
situated in large towns, where the arrange- 
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in contrary directions upon the main line might 
pass cook other with lees delay; 11 ft. is 
the usual distance between the centres of 
adjacent lines of rails. The width of land 
taken up, therefore, suffices for two more 
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60. A TYPICAL SINGLE LINE ARRANGEMENT AT A SMALL RAILWAY STATION 


ments are always determined to a considerable 
degree by the configuration of the available 
ground. 
In 69 is shown the arrangement laid out for 
a wayside station of a single line of standard 
auge railway that is in many respects typical. 
he sidings c e and d f are long enough to accom- 
modate trains of 15 or 16 trucks, and land is 
provided to enable extensions to be made when 
and if they are warranted by future increase 
of traffic. Thesiding ce might be extended in 
the direction from ¢ to e to twice its length, 
and another junction with the main line then 
made, This would probably be the 
first thing to be done, since it would 
provide a means by which trains moving 







70. COMMON DIMENSIONS FOR 
PLATPORM AND RAILWAY TRACK 


sidings on either side of the lines of rails shown. 
The platform is most conveniently made 
3 ft. high, measuring from the ballast, though 
it may be less. 

Platform Structures. No structure 
upon the platform should be less than 11 ft. 
from the centre of the contiguous line of 
rails. Other distances commonly observed aro 
given in 70. Here it will be seen that the 
ordinary width of rolling-stock for a standard 
gauge railway is 8 ft. 4 in., and ite height 
above rail level 13 ft. 6 in. One foot is allowed 
between this height and that of the lowest 
structure under which it should be permitted 
to pass, which makes the least headway or 
height of lowest bridge above rail level 14 ft. 
: in. The dimensions are shown by the dotted 
mes, 
With regard to building. and other structures 
at the side of a line, 
none should  ap- 
proach nearer than 
7 ft. to the centre of 
a line on which pas- 
sengers are carried 
at heights above rail 
level between 12 ft. 
6 in. and 11 ft., or, in 
the case of a goods 
line, nearer than 5 ft. 
6 in. between the 
same heights. With 
Other gauges and 
different rolling- 
stock these measure- 
mente will, of course, 
be modified, but the 
illustrations afford a 
concise notion of 
what has been found 
necessary and suffi- 
~ , cient on lines of the 

ry English standard, 
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By Dr. C. W. SALEEBY 


THE area which is affected by Jupus, when 
exposed to ultra-violet light, slowly but with 
practical certainty heals. In marked contrast 
with the most successful results that can be 
obtained with ordinary surgery, the diseased 
tissue is replaced by a soft, pliable scar that 
can scarcely be distinguished from the original 
skin with which it is continuous, and that 
does not contract, whereas an ordinary scar 
Py its contraction produces great deformity. 
hile emphasising the splendid results which havo 
been attained by the employment of ultra-violet 
light in the treatment of lupus, it is our duty 
to observe that this light has completely failed 
to exercise any favourable influence upon cancer, 
or upon various other morbid states of the skin. 
In this respect ultra-violet light has proved to 
be very much inferior to the Réntgen rays. 

The Rays of Radiant Heat. We 
already know that just as there are rays be- 
yond the violet so there are rays below the red. 
These, indeed, are none other than the rays of 
radiant heat. When sunlight is spread out into 
a spectrum, these rays also are sorted out into 
their places. If we place a highly sensitive 
thermometer in various parts of the spectrum, 
in succession, we can precisely ascertain their 
heating power. We find that the preatest heat- 
ing power is exercised by a part of the spectrum 
considerably below the red, and that from this 
point onwards the heating power steadily 
diminishes, until at the violet end of the spectrum 
it has practically vanished altogether. The 
reader will compare these statements with the 
practical application of the Finsen treatment. 

We clearly understand, of course, that these 
infra-red rays are related to the red rays just 
as a C on the piano is related to a D or an I 
above it. They are in every respect as real 
as the visible rays. The essential difference 
between them, from our point of view, is mcrely 
that our retina are so constructed that we 
can see the one kind but are blind to the 
other. In proof of this we may note that, 
just as there are Fraunhofer lines in the 
visible spectrum, so there are absolutely iden- 
tical lines in the infra-red part of the spectrum 
—lines or gaps where there is no radiation at 
all, and the explanation of which is identical 
with that of the gaps the presence of which 
can be detected by direct vision. 

Light and Magnetism. Further aspects 
of spectroscopy are discussed in considering the 
chemistry of the stars [sec CHEMISTRY]. Mean- 
while, however, we must briefly consider a special 
isd sith of spectroscopy which depends upon the 
relations between light and magnetism. In dis- 
cussing this subject there is no choice but to use 
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certain phrases the meaning of which cannot 
positively be understood until magnetism itself 
has been studied, but’ we shall reduce their 
employment to the smallest possible limits. 
The relations between magnetism and light 
are of fundamental importance, and in con- 
sidering the most important of them we cannot 
do better than quote frecly from the words of 
Professor J. J. Thomson. He points out that 
“ the first: relation betweon magnetism and light 
was discovered by Faraday, who proved that 
the plane of polarisation of a ray of light was 
rotated vhen the ray travelled through certain 
substances parallel to the lines of magnetic force. 
This power of rotating the plane of polarisation 
in a magnetic field has been shown to be 
possessed) by all refracting substances: whother 
they are in the solid, liquid, or gaseous state.” 
It was natural that, having made this great 
discovery, Faraday should seck to see whether 
a magnetic field influenced the nature of the 
light emitted by any luminous body ; but Fara- 
day's apparatus was not adequate to bring him 
success. Ten years ago, however, a great 
advance was made by Professor Zeeman, of 
the University of Amsterdam. He found that 
spectral lines characteristic of lithium and of 
sodium were decidedly broadened if. the flames 
containing sults of these substances were placed 
between the poles of a powerful clectromagnet. 


‘“* Raye of Light in a Magnetic Field.” 
Zeeman found that “in a strong magnetic field, 
when the lines of force are parallel to the direetion 
of propagation of the light, the Ime (characterpmtic 
of cadinium) is split up into a doublet, the con- 
stituents of which are on opposite sides of the 
undisturbed position of the ne, and that the 
light m= the constituents of this doublet is cir. 
cularly polanmwed, the rotation in the two lines 
bemg in opposite directions.” On the other hand, 
“When the magnetic force in at right angles to 
the direetion of propagation of the light the dine 
is resolved into a triplet, of which the muddle 
line occupies the sume position ag the unex 
turbed line: all the constituents of this triplet are 
plane-polarnsed, the plane of polarisation of the 
middie line being at mybt angles to the magnetic 
force, while the outside tines are polarised in a 
plane porallel to the lines of magnetic force.” 
It is not possible here to go into the mathe- 
matics of this subject. Professor Lorentz has 
gone very far to explain the Zeeman effect, and 
his explanation is entirely in accord with the 
modern view of the structure of matter [see 
CHEMISTRY]. The interpretation of Zeeman’'s 
observation leads us to believe, first of all, 
that the bodies which produce the Juminous 
vibrations which the spectroscope analyses 
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to provide for the injection of steam to prevent 
freezing, but this applies with most force to the 
water troughs described. 

Stations. Large stations are usually 
situated in large towns, where the arrange- 


in contrary directions upon the main line might 
pass each other with leas delay; 11 ft. is 
the usual distance between the centres of 
adjacent lines of rails. The width of land 
taken up, therefore, suffices for two maore 
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69. A TYPICAL SINGLE LINE ARRANGEMENT AT A SMALL RAILWAY STATION 


mente aro always determined to a considerable 
degree by the configuration of the available 
ground. 

In 60 is shown tho arrangement laid out for 
a wayside station of a single line of standard 

auge railway that is in many respects typical. 
Phe sidings c e and d / are long enough to accom- 
modate trains of 15 or 16 trucks, and land is 
provided to enable extensions to be made when 
and if they are warranted by future increase 
of traffic. Thesiding ce might be extended in 
the direction from ¢ to e to twice its length, 
and another junction with the main line then 
made. This would probably be the 
first thing to be done, since it would 
provide a means by which trains moving 
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70. COMMON DIMENSIONS FOR 
PLATPORM AND BAILWAY TRACK 
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sidinga on either side of the lines of rails shown. 
The platform is most conveniently made 
3 ft. high, measuring from the ballast, though 
it may be less. 

Platform Structures. No structure 
upon the platform should be less than 11 ft. 
from the centre of the contiguous line of 
rails. Other distances commonly observed aro 
given in 70. Here it will be seen that the 
ordinary width of rolling-stock for a standard 
gauge railway is 8 ft. 4 in., and its height 
above rail level 13 ft. 6 in. One foot is allowed 
between this height and that of the lowest 
structure under which it should be permitted 
to 8, which makes the least headway or 
height of lowest bridge above rail level 14 ft. 
: in. The dimensions are shown by the dotted 
ines. 

With regard to buildings and other structures 
at the side of a line, 
none should ap- 
proach nearer than 
7 ft. to the centre of 
a line on which pas- 
Kengers are carried 
at heights above rail 
level between 12 ft. 
6 in. and 11 ft., or, in 
the case of a goods 
line, nearer than 5 ft. 
6 in. between the 
same heights. With 
other gauges and 
different rolling- 
stock these measure- 
ments will, of course, 
be modified, but the 
illustrations afford a 
concise notion of 
what has been found 
necessary and suffi- 
, cient on lines of the 

« English standard. 
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By Dr. C. W. SALEEBY 


THE area which is affected by lupus, when 

exposed to ultra-violet light, slowly but with 
practical certainty heals. In marked contrast 
with the most successful resulta that can be 
obtained with ordinary surgery, the diseased 
tissue is replaced by a soft, pliable scar that 
can scarcely be distinguished from the original 
skin with which it is continuous, and that 
does not contract, whereas an ordinary scar 
by its contraction produces great deformity. 
While emphasising the splendid results which havo 
been attained by the employment of ultra-violet 
light in the treatment of lupus, it is our duty 
to observe that this light has completely failed 
to exercise any favourable influence upon cancer, 
or upon various other morbid states of the skin. 
In this respect ultra-violet light has proved to 
be very much inferior to the Réntgen rays. 


The Rays of Radiant Heat. We 
already know that just as there are rays bo- 

ond the violet so there are rays below the red. 

hese, indeed, are none other than the rays of 
radiant heat. When sunlight is spread out into 
a spectrum, these rays also are sorted out into 
their places. lf we place a highly sensitive 
thermometer in various parts of the spectrum, 
in succession, we can precisely ascertain. their 
heating power. We find that the greatest heat- 
ing power is exercised by a part of the spectrum 
considerably below the red, and that from this 
point onwards the heating power steadily 
diminishes, until at the violet end of the spectrum 
it has practically vanshed altogether. The 
reader will compare these statements with the 
practical application of the Finsen treatment. 

We clearly understand, of course, that these 
infra-red rays are related to the red rays just 
as a (' on the piano is related to a D or an I 
above it. They are in every respect as real 
as the visible rays. The essential difference 
between them, from our point of view, i6 mercly 
that our retine are so constructed that we 
ean sce the one kind but are blind to the 
other. In proof of this we may note that, 
just as there are Fraunhofer lines in the 
visible spectrum, so there are absolutely sden- 
tical lines in the infra-red part of the spectrum 
—lines or gaps where there is no radiation at 
all, and the explanation of which 1s identical 
with that of the gaps the presence of which 
can be detected hy direct vision. 

Light and Magnetism. Further aspects 
of spectroscopy are discussed in considering the 
chemistry of the stars [see CHEMISTRY]. Mcan- 
while, however, we must briefly consider a apecial 
aspect of spectroscopy which depends upon the 
relations between light and magnetism. In dis- 
cussing this subject there is no choice but to use 
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certain phrases the meaning of which cannot 
positively be understood until magnetism itself 
has been studied, but we shall reduce their 
employment to the smallest possible limita. 
The relations between magnetism and light 
are of fundamental importance, and in con 
sidering the most important. of them we cannot 
do better than quote freely from the words of 
Professor J. J. Thomson. He pomta out that 
“the first relation between magnetism and light 
was discovered by Faraday, who proved that. 
the plane of polarisation of a ray of light waa 
rotated vhen the ray travelled through certain 
substances parallel to the lines of magnetic foree, 
This power of rotating the plane of polarisation 
in a magnetic field has been shown to be 
possessed by all refracting substances: whether 
they are in the solid, liquid, or gaseous state.” 
It was natural that, hava nade this great 
discovery, Faraday should seck to see whether 
a magnetic field influenced the nature of the 
light emitted: by any luminous body ; but Fara- 
day's apparatus was not adequate to bring him 
success. Ten years ago, however, a great 
advance was made by) Professor Zeeman, of 
the University of Amsterdam. He found that 
spectral lines characteristic of lithium and. of 
sodium were decidedly broadened if the flames 
containing salts of these substances: were placed 
between the poles of a powerful electromagnet. 


** Rays of Light in a Magnetic Field." 
Zeeman found that ‘in a strong magnetic field, 
when the lines of force are parallel to the direction 
of pron of the light, the line (characteristic 
of cadmium) i4 aphit up into a doublet, the con- 
stituents Of which are on opposite sides of the 
undisturbed position of the line, and that the 
hight in the constituents of this doublet. is cir- 
cularly polarised, the rotation in the two lines 
being in opposite directions.” On the other hand, 
“When the magnetic force is at right angles to 
the direction of propagation of the light the Jine 
in resolved into a triplet, of which the middle 
line occupies the same position aga the undis- 
turbed Iine: all the constituents of this triplet are 
plane- polarised, the plane of polarisation of the 
middle line being at right angles to the magnetic 
foree, while the outside Jines are polarised in a 

Hane parallel to the dines of magnetie force.” 
Ie in nut possible here to go into the mathe- 
matics of this subject. Professor Lorentz hiss 
gone very far to expla the Zeeman effect, and 
his explanation is entirely in accord with the 
modern view of the structure of matter (dee 
CHEMISTRY]. The interpretation of Zeeman’s 
observation leads us to believe, first of all, 
that the bodies which produce the Juminous 
vibrations which the spectroscope analyses 
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are negatively electrified. Secondly, the pro- 
perties of such bodies closely correspond to 
those of the negatively electrified particles 
which constitute what are still called the cathode 
rays, and which we are now beginning to know 
as electrons. “Thus we infer,” says Professor 
Thomson, “that the cathode particles are 
found in bodies even where not subject to the 
action of intense electrical fields, and are, in 
fact, an ordinary constituent of the molecule 
[the atom].” 

Light Under Magnetic Force. But 
the Zeeman effect will teach us far more than 
this, though such a confirmation of the cor- 
puscular theory of matter is obviously of the 
greatest value. It is found that magnetic fields 
influence light in a far more complex fashion 
than that hitherto described. Spectral lines 
are sometimes split up into sixes and nines as 
well as threes. This indicates that the lines in 
question must be due to the vibration within the 
atom of systems consisting of more electrons 
than one. This, of course, entirely coincides 
with the doctrines which we have advanced in 
the course on Chemistry, where it is shown that 
within the larger atoms there are sub-atoms, 
or systems of corpuscles, such os those which 
give rise to the helium atom when the radium 
atom disintegrates. Writing a year or two 
ago, Professor Thomson says: “ Thus the beha- 
viour of the spectrum in a magnetic field pro- 
mises to throw great light on the nature of 
radiation, and perhaps on the constitution 
of the elements.” Writing also about the same 
time, Dr. Knott said: “The general explana- 
tion of the phenomenon follows at once from 
Maxwell's electromagnetic theory of light, 
taken into conjunction with the obvious hypo- 
thesis that, in the molecules whose vibrations 
are the source of the radiation, there are clectrical 
vibrations which will respond to a magnetic 
force brought to bear upon them.” 

Spectral Linea and the Theory of 
Matter. Professor Thomson predicted that 
the recent discoveries as to the relations 
betwoen magnetism and light would help us 
to understand the constitution of the clements. 
This prediction has been abundantly verified. 
Ten years after his originai discovery, Pro- 
fessor Zeeman was asked to show some of 
his famous experiments, and offer the most 
recent interpretation of them, before the 
Royal Institution. He then pointed out certain 
facts which we may here quote. He said that 
“the study of the spectral lines affords a most 
cogent support to the electronic theory of 
matter. Furthermore, it has long been known 
that in the spectra of many metals there occur 
certain series of related lines which show a corre- 
spondence in the various groups of metals. The 
lines which belong to different series show the 
difference between them by the fact that they 
always behave differently under the influence of 
magnetism, but the fundamental relation between 
lines of one series, occurring again and again in 
related elements, is shown by the fact that these 
lines behave similarly to one another under the 
influence of magnetism. We have already seen 
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that some lines are separated into triplets, some 
into sextets, or sixes, and some into nonets, or 
nines. Now it is the fact that, in a group of ele- 
ments, corresponding series of spectral lines show 
the same degree of resolution, whether into threes, 
sixes, or nines.” In aword, the more intimately 
we study the Zeeman effect the further proof 
do we find of the relation between the elements, 
and the more nearly do we come to understand 
in what that relation consists. In short, we may 
say that the magnetisation of the spectral lines 
affords one of our very best clues to the inner 
structure of the atom. 

The latest statement of the Zeeman effect, in 
the words of the discoverer himself, may thus 
be briefly summarised: Certain spectral lines are 
divided into three in a magnetic field when the 
lines of magnetic force are at right angles to the 
direction of propagation of the light. Of these 
three, the middle component is plane-polarised 
in one direction, and the two outer components 
in a different direction. If the lines of force are 
iva to the direction of propagation of the 
ight, similar lines are split up into only two 
components, which are circularly polarised in 
opposite directions to each other. Hence, it may 
be argued that, in a gas which is emitting light, 
the ethereal vibrations arise from negatively 
electrified corpuscles, the size of which corre- 
sponds to that suggested by the study of the 
cathode rays. 

Charge and Mass. We have used the 
loose and popular term ‘“‘size,’’ but what 
physicists are really attempting to measure is 
the ratio of the electromagnetic charge of the 
electron to its mass. If for the electromagnetic 
charge we use the symbol e and for the mass 


the symbol m, then it is the value of = that the 


phynicist seeks to estimate. In the course on 
Chemistry we have discovered the great and 
important complication which 1s introduced by 
the movement of the electron. Lastly, we may 
repeat in the most recent words what has already 
been said. 

In the spectra of many metals there occurs a 
number of related lines which are called series. 
All lines of one series are broken up by the 
magnetic field in the same way, whether into 
threes, sixes, or nines. Not only so, the extent 
to which the lines are broken up, the degree of 
separation between their constituents, is the same 
in all lines of a given series. The reader is, of 
course, able to understand that the splitting 
up of these lines in the spectrum is merely an 
indication of the production of waves of 
varying frequency or wave length. All that 
the spectroscope does is to sort out into a band 
all the vibrations that pass through it in pro- 
portion to their frequency. The splitting up 
of the spectral lines is thus merely an indication 
of the fot that a magnetic field is able, under 
certain conditions, to alter the vibration fre- 
quency and wave length of part of the light 

roduced — this oe doubtless accomplished 
y the influence of the field upon the oscilla 
tion or rotation of the electrons within the 
atoms of the luminous substance. 


All the Facts Consistent. As we have 
seen, corresponding series of spectral lines in 
different elements—elements forming groups in 
Mendeleef’s table of the Periodic Law—show the 
same,type of resolution of the lines constituting 
the series, and show the same amount of separa- 
tion of them. Hence it is inferred—and this is 
most important—that all the lines constituting 
a series of spectral lines are produced by one 
oscillating or rotating system of electrons within 
the atom, and therefore that the number of serics 
of lines in the spectrum of any “ clement ”’ indi- 
cates the number of oscillating or rotating 
systems contained in the atom in question ; and, 
lastly, that in a group of related elements the 
oscillating systems giving rise to corresponding 
series of spectral Jines are identical. 

It is of some interest to notice that the amount 
of separation (due to a magnetic field) of the 
components of a spectral line is proportionate, as 
might be expected, to the strength of the mag- 
netic tield. This fact, curiously enough, affords a 
service for the student of magnetism. The most 
accurate means, and by far the most delicate, 
of measuring the strength of a magnetic field is 
to be found in measuring the effect of that ticld 
in resolving the spectroscopic lines in the light 
of some element made luminous for the purpose. 


The Countless Number of Spectral 
Lines. We are in the middle of a subject which 
is of the greatest inherent difficulty, and which 
is still further complicated by its newness, and also 
by the number of its relations to other subjects. 
One of these is so very interesting that we must 
try to elucidate it—its interest consisting in its 
bearing upon the corpuscular theory of matter. 
Professor J.J. Thomson has lately laid down the 
proposition that the number of electrons consti- 
tuting the atom of any clement is strictly pro- 
portional to the atomic weight of that element ; 
and, furthermore, that the actual number 1s not 
a large multiple of the atomic weight. Now, if 
this be so, as several lines of argument would 
apoE to show, how is it that the spectra 
characteristic of various elements seem to display 
no limit to their complexity ? How is it that 
the number of spectral lines is limited only by 
the measure of dispersion—the more complete 
our arrangements for dispersion being made, the 
greater being the number of spectral lines. while 
no signs of any limit can be detected’ — If we are 
to assume that each new spectral line demands 
the existence of another electron in the atom, we 
cannot possibly accept the proposition that the 
number of electrons in the atom 1s only a com- 
paratively sma}! multiple of the atomic weght. 

Significance of the Spectral Lines. 
But Professor Thomson asserts that we cannot 
deduce the number of electrons in the atom 
from the number of spectral lines which we 
see when the light produced by the atoms of 
any given element is analysed. He assigns 
reasons for believing that a very large number of 
spectral lines do not indicate at all the internal 
structure of the atom, but depend upon the 
formation of new systems of electrons—of a 
More or less temporary and unimportant 
character—between certain of the electrons 
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within the atom and their surroundings. On 
this theory it may be possible to explain the 
apparently intinite number of spectral Nines. 

We have still before us the great subject of 
colour and of the relations of variows colours, 
as also the fascinating but exceedingly difficult 
study of colour vision. Then, also, wo must 
discuss, in very considerable detail, the subject 
of arenas to which some allusion was 

*made when we were discussing the history of 
our knowledge of light. Thereafter there will 
remain for our study various forms of ethereal 
vibration, such as the Rontgen rays, our know- 
ledge of which is comparatively new, but which 
are of the very greatest importance and interest, 
Meanwhile, however, we muat return, as briefly 
as possible, to a subject: which is now coming 
to take a very important place in physics, 
and which is of the highest philosophic interest, 
since, though it may be studied experimentally 
in the space of a few cubic inches, 1t has to be 
reckoned with asa factor in the causation of many 
of the most stupendous phenomena of Nature. 

Light as a Carrier of Momentum. 
When we discussed gravitation and the ether, 
we made some reference, apparently out of 
place, to the pressure of light. It was pomted 
out that this pressure exercised by hght against 
any surface upon which it fall4 im really no 
more than an instance of a stil more general 
phenomenon called radvation — pressure We 
observed that Jight must exercine a pressure 1 
it be of the nature which Clerk Maxwell demon- 
strated. Jt was further noticed that the figures 
for radiation pressure which Clerk-Maxwell 
arrived at, ad prort, have Jately been demon- 
strated to be practically correct in) consequence 
of the @ postertort or expermental demonstration 
of radiation pressure by Lebedew and by 
Professors Nichols and Hull [see page (38 | 

The reason why we had to discuss radiation 
pressure in that place was that it isa universal 
or practically a universal force which, an its 
measure, a4 Opposed to gravitation, since it acts 
in precisely the opposite direction, We coin. 
mented upon the facet that radiation pressure 
compels us to modify our statements both of 
Newton's first law of motion and of his law of 


gravitation. 
Radiation Preasure and a Moving 
Body. Here we must make some brief further 


reference to the subject; ain the first) place, 
because it is properly a part of the subject of 
light, or, rather, of radiation in general, and also 
because the work of Professor Poynting, to which 
we alluded on page 930, has since been dix 
cussed by himself at the Royal  Institutyon. 
Experience has taught us that we are right in 
assuming that doctrmes and speculations are 
fit for wide diffusion when they have reached 
the status of exciting an invitation to lecture in 
the famous theatre in Albemarle Street. 

What is probably the most important con 
tribution of, Professor Poynting to the subject 
has been already referred to. Jt i# the obser- 
vation that a moving body, whether small or 
great, which is emitting light—or any other 
form of radiant energy—tends to crowd upon 
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the waves in front of it, while those behind 
it tend to be thinned out. The consequence 
is that the radiation pressure is greater in front 
of the body than behind it, and constantly 
acts as a break upon ite motion. 

Direction of Light and Sound Waves. 
Now, this case is, after all, only the latest illus- 
tration of a theory which goes by the name 
of Déppler’s Principle, and plays an important 

art in many branches of physics. In describing 
it we cannot do better than quote the authori- 
tative words of Professor Tait. The reader will 
seo from them how this principle is applicable 
to waves of many different kinds: 

“When a steamer is moving in a direction 
perpendicular to the crests of the waves, she 
will encounter more of them in a given time if 
her course is towards them than if she were 
at rest; while, 1f bhe be moving in the same direc- 
tion as the waves, fewer of them will overtake 
her in a given time than if she were at rost. 
The same thing is true of sound waves. When 
an express train passes a jevel crossing at full 
speed, the pitch of the steam-whistle is higher 
during the approach to and Jower during the 
recess from the listener at the gate than it 
would be if the engine were at rest. The 
successive sound-pulses are emitted at the 
same intervals as before, but from points 
successively nearer to or farther from the 
listener. Hence, more or fewer reach his ear 
in a given time. The principle is precisely 
the same as that of Rémer’s observation of 
the frequency of eclipse of Jupiter's satellites. 
The number of light waves which reach the 
eye per second ix increased if the source is 
approaching, and diminished if it be receding.” 

Applications ofthe Principle. Déppler’s 
Principle is usually described under Acoustics, 
and the usual acoustical illustration has 
been quoted above; but we have deferred 
its discussion until this place because it is 
of far greater importance in relation to light 
than it is in relation to sound. One of the 
earliest applications of the principle in’ the 
realm of light was made, as we have seen, by 
Sir William Huggins, who was enabled by its 
means to solve a problem which Comte, for 
instance, had declared to be necessarily im- 
possible of solution throughout all time—z., 
the problem of ascertaining the motion of the 
fixed stars to or from the carth, or our motion 
relatively to them—in the line of sight. This 
problem might indeed appear insoluble, but 
Sir William Huggins has been able to ascertain, 
by the application of Déppler's Principle, the 
movements of stars which may be moving 
directly towards us or from us, and the light 
of which is constantly affected in wave length 
and frequency accordingly. Finally, we may 
quote the latest application of Déppler's Principle 
to the facta of light as made by Profeasor 
Poynting. Perhaps the best account of the 
principle, though not of its latest application, 
is to be found from the pen of Professor Poynting 
himself on page 51, vol. xxv., of the ‘‘ Encyclo- 
pecdia Britannica,” ninth edition. 


Reflection and Recoil of Light. Let 
us now return to radiation pressure and consider 
a few of its consequences and one or two of the 
facts which it may more or less certainly explain. 
From this point of view we have to consider 
light as a momentum carrier. Now, there 
are certain fundamental dynamical laws which 
have their application in this sphere also. 
We believe, for instance, that action and re- 
action are equal and opposite. If, then, when 
you fire a rifle, it kicks, there ought to be a 
similar back push or recoil when a radiant 
body fires off, so to speak, a train of light waves. 
The physicist knows, indeed, that this must 
be so. It is therefore extremely interesting 
to observe that, when Professors Nichols and 
Hull made their now celebrated experiments, 
they obtained just double the result in respect 
of pressure when the waves of light with which 
they experimented were reflected. In other 
words, these waves of light first of all exercised 
a pressure when they struck the surface and then 
gave it a kick as they were reflected from it. 

75,000 Tons of Light. Professor 
Poynting has also studied the influence which 
light pressure due to radiation from the sun— 
or, to be more accurate, the whole radiation 
pressure from the sun—must ever be exer- 
cising upon the earth, with the consequence of 
tending to arrest its onward motion. This 
amounts to what at first sight would appear 
to be a formidable figure, the equivalent of the 
weight of 75,000 tons. But that this resistance 
to the earth’s movement is trivial, and can 
have marked consequences only in the re- 
motest future, will be evident if we consider that 
this push of the sun must be pitted against 
his gravitational pull, which is millions of times 
greater. 

Various conclusions of importance follow 
from the fact that, whereas the force of gravita- 
tion varies as the mass of a body, the force of 
radiation pressure varies as its surface. 

One extremely interesting speculation may 
just be alluded to. Professor Poynting has 
sought to apply the now demonstrated fact of 
radiation pressure to the problem which has 
been afforded astronomers by the rings of Saturn 
ever since (ralileo discovered them 300 years 
ago—ever since, indeed, they caused him the 
utmost consternation by what looked like their 
disappearance, which threatened to throw dis- 
credit upon all his work. Professor Poynting has 
shown how it may be conceived that the rings 
of Saturn are formed of small particles derived 
from without and perhaps from the débris of 
comets. The attraction of such particles, but 
their arrest before reaching Saturn—which 
at that time, if not now, was doubtless a luminous 
body, the light from which exercised a very 
considerable radiation pressure—and their collec- 
tion into rings which rotate around him, and 
into which the particles are sorted accordin 
to their size—all of these are capable, it woul 
appear, of an adequate interpretation if the 
facts of radiation pressure are brought to bear 
upon them. 
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By H. J. 


"T RIMMIN G is confined to the passorger- 

carrying vehicles. We have, indeed, the 
padding of horse boxes, the various types of 
cushions, and back rests used by van and 
cart builders, and even tarpaulins and other 
waterproof covers, but, taking it as a whole, 
we do not find a trimmer’s rt in a fac- 
tory set apart entirely for vehicles designed 
to convey goods and merchandise. Many, 
especially those in the motor trade, talk of 
a body being “ upholstered,” but this is a term 
which is properly applied only to the furniture 
trade. 

The Object of Trimming. Trimming 
has for its object the comfort of the occupants, 
by isolating them from the framework of the 
vehicle. It also decorates, a well designed 
lining and Jeatherwork skilfully carried out 
adding to the beauty of the carriage. Most 
of us have experienced journeys in railway 
carriages, and on the roof seats of trams 
and omnibuses, where the hardness of the 
seat causes considerable discomfort. Trimming 
remedies this. 

Trimming is also frequently introduced 
where the passenger is seated on a set of springs 
apart from thoxe applied to the body and under- 
carriage, thereby destroying vibration almost 
entirely. 

In railway work we are familiar with the 
grades of comfort provided in different classes 
of carriages. First we have cushions with 
or without comfort for the back, and, as 
we pay more, we have pillar holders, elbow 
rests, floor coverings, and other details. In 
public service vehicles we have cushions inside, 
the modern electric tramcars being the most 
advanced in ministering to the comfort of 
passengers ; while, no satisfactory means having 
been found to protect the cushions on roof 
seats during inclement weather, we find only 
aprons. 

Road carriages of all descriptions constitute 
the chief outlet for the skill of the trimmer, not 
only in the cushions and linings, but in the cover- 
ing of the wings and dashers, and in the con- 
struction of the folding head. 

The highest degree of comfort is in_the fur- 
nishing of American railroad cars. In there 
one may be seated in an armchair with reclin- 
ing back and adjustable footrests. The Pull- 
man cars running on the London, Brighton, and 
South Coast Railway are examples of the comfort 
provided on the other side of the Atlantic. 

Trimming Materials. The trimmer has 
a large and varied stock of materials to handle. 
Woollen cloths of the best ‘ West of England 
quality are generally used in the darker colours, 
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silk being employed for lining only in special 
cases, but finding favour as blinds in the form of 
lutestring. Satins and velvets we see only for 
carriages used on grand occasions, while plishes 
in various qualities find their way into the 
trimming of public service vehicles. Although 
the pile of plush is a receptacle for dust, yot the 
nature of the surface gives a firm seating. The 
coach trimmer is not fond of much pattern in his 
lining materials, generally preferring it quite 
plain, although in railway work we seo more 
latitude in this direction. Underfoot we have 
Brussels, Wilton, and other carpets. 

Leather and Leather orKing. <A 
fully qualified trimmer is not only a worker 
in cloth, but alko an expert in leather working. 
The folding heads of Jandaus, victorias, and 
similar vehicles, the dashers, wings, and shaft 
leathers are places where leather is used. In 
somo shops the qualification of the workman 
Includes harness-making. 

Bull hides are thicker and coarser than thove 
of the cow, bullock hides being intermediate. 
Bull hides are used in harness making and os 
border leathers for edging seat boards, while 
they are also divided into two layers, the hair 
or grain side being known as bag Aide, and the 
flesh side being called split, 

These split and bag leathers are japanned, 
a process whereby we obtain glaselike surfaces. 
This variety is used for covering the iron frames 
of wings aud dashers, the japanned split being 
the cheapest. Similar to the japanned Jeathers 
but more elastic. are the enamelled hides. Here 
we find a material well suited for folding head 
leathers and aprons. Pigskin is used in’ the 
trimming of sporting and other carriages, Tt in 
to be recommended for its durability. 

Apart from carpets thero are other types of 
floor coverings. Kamptulicon and linoleum 
combine in some measure the qualities of carpet 
and oileloth. They wear well, and are im pervious 
to damp. The cheaper covermg — floorcloth 
or oileloth—is prepared on a groundwork of 
Hax or tow, over which layers of pauit are 
spread. Good Jinoleum may cost) more than 
double the price of oileloth, but it) will wear 
at a moderate estimate more than four times 
as long. 

Coach Laces. The ancient and universal 
art of weaving haa produced in modern curtiage 
Jaces beautiful trimmings with excellent wearing 
qualities. When we speak of lace in connection 
with coach work, the ordinary network of 
threads in various designs is not implied, but in 
this instance the term is applied to what might 
be called a wide decorated braid. In broad 
lace used for fronts of seat rails, glass strings, 
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and pillar holders, we have a woven material 
with the two selvedges averaging about 2} in. 
wide. Wide lace with a single selvedge is 
used for binding the edges of seat falls and 
pockets. Pasting lace has a single tape edge, 
and is used for hiding nail heads, the edge 
being nailed, while the remainder is folded over 
and pasted. It is used in varying widths for 
kets, seat falls, and similar purposes. 
eaming lace has two tape edges. It is used 
for concealing seams and for fixing linings 
which are sewn to it. Seaming cord is placed 
inside this lace when it is desired to give it 
a rounded form, the two tape edges being 
sewn together, and in this shape it is used 
for cushion edges, giving them a better 
and more lasting shape—a purpose 
it also fulfils in other departments 
of carriage trimming. Both seaming 
and pasting lace are comparatively 
narrow, the former running about }} in. 
wide, and the latter about { in. to 
1 in. We can quite understand that 
the introduction of railways greatly 
increased the demand for trimmings 
generally, and for a time it was difficult 
for the manufacturers to turn out 
supplies of parting and seaming lace 
sufficient to mect the demand. ‘The 
introduction of the power loom solved 
the difficulty. Cloth and leather pipings are 
sometimes used instead of seaming lace. 

Detaile and Stuffing Materials. There 
are also many small items that go to make up a 
Juxurious interior. Laces with rose patterns are 
used to fix the top of the pillar holder to the 
pillar. A check-string of silk or a speaking- 
tube with a whistle and mouthpiece is provided 
to call the attention of the coachman. Then 
there are tabs and tassels for blinds, the guide 
line of silk on which the blinds ascend and 
descend, and the buttons and tufts wheroby the 
stuffing matcrial is kept in its place. 

Stuffing materials, 
although not secn, 
must be of good 
quality, otherw isc a 
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thread attached to a blunt harness needle. In 
a dash, he must have sufficient japanned hide to 
form a layer on each side, about ? in. being 
allowed for stitching and dressing off. During 
the operation of sewing the two layers of leather 
together with the iron frame between, the work 
is damped and tightly stretched with special 
pincers. Here there is disagreement between the 
older and the younger members of the trade 
regarding the respective merits of hand and 
machine work. Where there is a highly finished 
surface, as in a japanned leather, it must be 
admitted that a careful workman will often 
produce a better finish than a machine. After 
sewing, the work is pared off within ;} in. of 
the stitches and the edges dyed, oiled, 
and polished. 

The work on curved wings and front 
splashers requires more skill, and ma 
be attempted after the straight wor 
has been mastered. In best work we 
have the seat rail irons covered with 
leather, the join being made on the 
inside where it is least visible. 

Seat Valances. The cdges of 
driving and other carriage seats are, 
when exposed, finished with a border 
or valance |56}. In cheap work this 
may be simply of wood; the leather 
may be mounted on a wooden founda- 
tion, or stout border hide japanned on one side 
and blacked on the other may be used alone. The 
edges of the leather are welted or bound with 
enamelled leather, while the fixing of the border 
itself is hid by the beading placed over, and is 
retained hy its shanks in the same way that 
a head leather is fastened to the pillar tops and 
elbow. <A seat border not only decorates but 
it serves to retain the cushion in its proper 
position. 

Head Valances. Similar to seat borders 
are head valances, used on the foldihg heads 
of victorias, barouches, sociables, and similar 
carriages. Their 
duty is to hide the 
joins of the head 
lining and leather, 
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animal, is in its best qualities unsurpassed for 
the retention of its elasticity. Flock. coconut 
fibre, shavings of bass and maple, moss, and 
even hay are used in cheap work. Lately 
the use of steel springs in cushion and lining 
work has been common, patent varieties being 
manufactured where each separate cushion or 
part of the trimming is made up on a wire 
frame to the size required, the special springs 
being firmly clipped into position and to cach 
other. 
Leather Stitching. The 

has first to learn how to make his thread and 
then to acquire the skill to use it. The coach- 
trimmer does not use the bristle, but punches 
his hole in the leather with an awl having a 
diamond-shaped point, and then inserts his 


3622 


oung trimmer 


when the head is up. A head valance is some- 
times cut out in one piece, but may be joined 
at the corners or in the centre of the back. A 
bead finishes it, as in the case of the seat valance. 

Shaft, Pole and Bar Leathers. The 
shafts of carriages and carts have leather fixed 
at the point or front ends and at the kicking 
and breeching staples [57]. The sewing is 
done underneath, the herringbone stitch being 
much employed. Japanned split is used for 
this purpose. Oil leather known as pole piece 
backs is used for pole work. The stuffed pad 
is generally situated about 25 in. from the pole 
crab. Leather work is also in evidence on the 
splinter bar of a carriage. Here it is used at 
the bases of the roller bolt ferrules and washers 
on the bar to prevent the traces from chafing 


the iron and woodwork. Similar material to 
that used in pole work is required, while the 
caps of the bolts may be ornamented with 
japanned split. 

Aprons. Aprons are fitted to kcep the lower 
limbs dry in wet weather, to add to the passen- 
gers’ comfort in cold weather, and, in the case 
of the front inside seat of a sociable or barouche, 
to protect the front scat cushion and lining 
when not in use. It will be readily understood 
that however supple the enamelled leather 
may be, the appearance of the covering will 
be better preserved if, when the vehicle is not 
performing a journey, the aprons are opened 
out. 

This remark, of 
course, applies 
also to the heads 
of landaus and 
victorias, and ex- 
plains why we see 
them closed in the 
show-room and 
coach-house. 

C-Spring 
Braces. C-spring 
braces are of vital 
importance in a 
carriage mounted 
on this type of sus- 
pension, and are 
made of oil leather 


similar to pole 
iece backs. A 
oop runs from 


the body connec- 


g: 
tions to the top of ©) 


the C-spring. Then : 
the body of the t. 
brace continues round the 
back of the spring down to 
the jack where it is wound. 
Five inches is added to 
allow for attachment and 
adjustment at the jack, and 
allowance must be made for 
splicing. a 
Together with the distance 
twice over at the loop, we 
find a brace often requires 
75 in. to be cut out of a 58. 
width about } in. wider than 
the spring. The brace is 
made of two thicknesses of 
leather and may be sewn 
with four rows of stitches, 
the inside rows being made 
to form a simple pattern. 
Folding Heads. (f the 
leather work we have noted so far, none requires 
so much skill in fitting as the enamelled heed 
leather, unless, perhaps, the moroccos and other 
leathers used in making linings. There may be 
three to five sticks in a head. The underside of 
the centre stick requires to be 3 ft. 8 in. from 
the seat board, and even 4 ft. in such vehicles as 
Stanhope and mail phaetons where the driving 
seat is protected. e top of the back or corner 


Seale 


folding A 


the front glass serecn 
lette. E 
Hinsousine Jarcdenukette 








[113 Ege Daraneh aie a eanee Games Geaeee Cie anvvas 
mec ; 2 3 ae 78080 #8 


TYPES OF VEHICLE HOODS 

The dotted Hines and ariows indicate the position 
of the beads when folded, and the direction of the 
Cape cart bood for side entry motos. 
ear, two aticks in front, three behind. 
but three sticks in front and two behind. ©. Ditto, 
but provision made for proper protection of 
1) Motor single lascdan- 
Motor double fandaalette.  F. 
(i Bassinette. 
phaeton 
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stick is usually thrown back | in. to 1) in. 
from the square line of the corner pillar, and 3ft. 
6in. to 4ft. is allowed, horizontally, from it to 
the front stick. Tho trimmer having placed his 
sticks in the proper position, they are tem- 
porarily held in position by webbing. Poth 
lining and leather are made in four pieces, the 
former stitched to lst, nailed to the front of the 
sticks, in the same way as insido roof coverings 
are attached. Many varieties of folding heads 
are shown in 58. 


How the Trimming ie Fixed. The 
squabbing is not all fastened directly to the 
proper framework of the body, but speci pieces 

of wood, generall 
pine, are ae | 
‘canvased, and 
fitted to the 
quarters and other 
parts. 

Sometimes it is 
necessary, owing 
to the shape of the 
Vehicle, to fill up 
the hollow parta, 
and, apart from 
this, the trimmer 
Should always 
work his materials 
KO that no undue 
pronunence in 
given to the work 
in the centre, 
otherwise the oceue 
pants will be 
rolled imto the 
corner while 
travelling. 

Construction 
ofa Lining. (Cushions and 
linings usually consist of two 
parts, the back of Forfar 
buckram, black Jinen, or 
other strong maternal, and 
the front, or trimming proper, 
of cloth or moroceo, which, 
according to) the squabbing 
and fulness of the stuffing, 
has to be made soo much 
larger. 

Having taken the interior 
measurements of the body, 
the canvas, roughed out to 
thape, ss tacked in the body 
and pencifled round, then 
laid out flat on the board or 
bench and kept in position 
hy paecces of iron covered 
with leather or other tixing. 

Allowance for Fulness of Squabbing. 
The design of quilting, whether in squares or 
diamonds, is marked out, care being taken to 
do jt accurately, otherwise a distorted trimming 
will result. © arrangement must cxactly 
balance each side of a centre Jine in much canen 
as back squabs and cushions. 

A diamond, when stuffed with hair, will stand 
up 1} in. or so from the canvas. Knowing the 
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length of the diagonal marked on the canvas, 
we may estimate the size of the diamond on the 
cloth by drawing on a piece of paper and measur- 
ing with a piece of string [59 A and B]a section 
of the stuffed diamond on each diagonal. This 
arrived at, the larger diamonds are marked on 
the back of the cloth. The stiffer the canvas, 
the less need be allowed for stuffing. The holes 
for the fixing of the button or tufts may be lined 
with calico to prevent tearing, and the folds of 
the pattern are ironed in the case of cloth and 
scraped when a morocco jining is used. 

Door Trimming. In trimming a door, 
the work is kept as flat as possible. A quarter 
of an inch being allowed at the bottom above 
the rocker to allow for carpet, the border is 
made of 2} in. broad lace finished off at the outer 
edge with seaming lace. Three-quarters of an 
inch would be allowed in this case for the fulness 
of the cloth. 





with first, and the back row in cushions. In 
folding the diamonds, see that it is done down- 
wards, so that in brushing the dust is not liable 
to work in. The marking out of a cushion is 
illustrated in 59 [E and F]. A morocco lining 
for a double brougham requires some 11 or 12 
skins, a single brougham demands 10, and a 
victoria four or five, the provision of a cricket 
seat in the last mentioned bringing the total 
to six. There is about three square feet in a 
morocco. 

Trimming a Double Brougham in 
Cloth. For a double brougham we require for 
a cloth trimming—roof 1} yd. (60 in. wide), the 
top and bottom of the back with fulness is 
allowed 14 yd., the quarters (top and bottom) 
1} yd. for both sides,the hind body cushion 1} yd., 
the front ditto # yd., the front squab j yd., the 
front back 4 yd., the front quarters ] yd., and 
for the fronts of the seats inside the waste of the 
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59. MARKING OUT OF VEHICLE TRIMMINGS 


A. Tranavotse section of a squab, the curved line representing the cloth, the base line the canvas 
C. The marking out on the folded canvas for a hottum back squab 
‘. The folded cloth for a brougham maide cushion 


of A. 
fulded canvas for a brougham imeaiue cushion 


Bottom Back Trimming. In a bottom 
back, a convex curve is cut on the two sides 
to counteract the drawing-in of the cloth when 
vtuffing. The design [58 C and D] is worked folded 
in the centre, so as to obtain an equally balanced 
setting-out, and in an average brougham the 
canvas is about 36 m. wide by 26 in deep, 
ldin. being left on the bottom, 1 in. at the top, 
and a full half-inch at the sides. The fewer the 
number of buttons used, the greater the freedom 
given the hair to use its elasticity. Also. an excess 
of buttons conduces neither to the comfort of 
the occupant nor to the beauty of the trimming. 

The diamonds never finish right at the edge 
of the pattern. A distance of 6 in. is left on 
the edge of the cloth besides about 4} in. for 
attachment. 

Wadding is placed on the top of the hair to 
keep the latter from showing through the cloth. 
In making up. we must not forget that the 

leats brush from right to left. The bottom 

k is bound with pasting lace sewn all round 
the edge. Seaming lace is fastened to the trimming 
rail bottom, to this is “ frenched”’ or blind sewn 
the pasting lace on the top of the bottom back. 
The bottom row of buttons is usually dealt 


B. Longitudinal section 
E. ‘She 


DP The above marking on the cloth. 


above will suffice. Driving cushions, seat box, 
and fall are given 14 yd., and the doors 4 yd. 
The roof brushes to the front (or an omnibus 
towards the door), the top, bottom back.quarters, 
and other parts brush downwards, while cushions 
brush forwards from back to front, front 
borders of cushions downwards, and sides as 
convenient. The box brushes as one piece of 
cloth. 

The broad lace from the seat. up the pillar, 
along the roof across the back takes 44 yd., 
the two doors 5} yd., the front of seats 24 yd., 
the holder lace 2} yd., hanging down 27 in. 
One pair of glass strings are 36 in. long, and one 
pair 24 in. Of seaming lace 40 yd. is required, 
of pasting lace 36 yd. Other necessities ire: 
one pair of glass string guards, two gross of 
buttons to match the cloth, check string. 73 yd. 
of buckram, 3 yd. of black American cloth (duck 
back), 3 curtains, 2) yd. silk (lutestring), 18 yd. 
silk curtain line, three triggers (acorns), one dozen 
ivory headed nails, four ivory buttons, four 
glass string slides, one pair metal door-pulls 
covered with morocco, 30 Ib. horsehair (second 
quality grey hair, as the best quality is too 
hard), and rh yd. of carpet. 


Continued 
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GHOSTS AND GHOST STORIES lpsycxotocy 


The Significance of Ghost Stories. 


Phantoms of the Living and of the 12 
Dead. Some Remarkable and Authentic Stories. What do they mean? 


TOVOMIC AT RERBANCH 
coltinned frat pape bIsé 





By HAROLD BEGBIE 


THE process of modern science, which consists 

in ‘an interrogation of Nature, entirely 
dispassionate, patient, systematic ; such careful 
experiment and cumulative record as can often 
elicit from her slightest indications her deepest 
truths,” has never, in the contention of Frederic 
Myers, been applied to “ the all-important pro- 
blem of the existence, the powers, the destiny 
of the human soul.” 

What do the Legends Mean? It 
is because of her very thoroughness, because 
of her faith that the slightest indications of 
Nature apeak often of her deepest truths, that 
psychical serence has concerned itself with 
ghosts and ghost stories. The fact of ghosts 
may not be established ; but the fact that there 
are legends of ghosts is a fact beyond dispute, 
and those legends, be it noted, are to be found in 
every race under the sun, and persist even in 
the most enlightened countries in our own day. 
What are their significance? What ow the 
external fact of the stream of things hidden in 
their superstition ? 

Psychical science gropes among the obscure 
facts of human consciousness because she hopes 
to obtain from them that light upon the mystery 
of existence which neither mathematics nor 
geology, neither chemistry nor astronomy 
seems able to afford. She is persuaded that 
these legends signify something. She is assured 
that they have an origin and a meaning She 
has never once professed her conviction that the 
fact of the legends existing 1s proof that the 
ghosts themselves existed ; that would be un- 
scientific, and would lead nowhere ; she merely 
insists that as the legends exist, and exist 40 
universally, they must have had some relation to 
fact, and what that relation to fact 1 she has set 
herself to discover. ‘“ Whether through reason, 
instinct, or superstition,” says bia “ot thas 
ever been commonly held that ghostly pheno- 
mena of one kind or another exist to testify 
to a life beyond the life we know " 

The Place of the Witch in Science. 
Already prychical science has laid many a ghost ; 
but in this work she has not been only destructive 
—though destruction of superstition and error 
is admirable; she has been constructive as 
well, She has shown how it is people ongin- 
ally came to believe in these particular ghosts, 
and this revelation has meant a revelation of 
some of the workings of the human mind hitherto 
overlooked by the psychologists Let us take 
the question of witches. Until recently we were 
justified in beheving that legend exaggerated the 
powers, if not the very existence, of these people 
To-day we understand how such people came ty 
exercise so great a power over the minds of the 


populace We can to-day produce in the minds 
of hysterical people precisely the same eftect 
produced by witches. An hysterical woman, 
indeed, can create im herself, without any 
assistance from the hypnotist, ideas of the mont 
extravagant and even terrible kind | Tho witch, 
then, is no longer for us a stupid myth or a devil- 
ridden sinner, but an hysterical woman of 
considerable interest to pathology, with some 
httle power of hypnotism, which as much sur- 
rised herself as it terrified those who approwched 
ler. 

The Two Kinds of Phantoms. In 
the same way.we hope by @ patient invostt- 
gation of ghost stories to discover the pregnant 
fact behind their terrors and alarms. Instead 
of neglecting them, as psychology neglecta them, 
psychical research mvestigates them patiently 
in the conviction that they must shed light: on 
the problem of consciousness, even if they do 
not guide us to the desire of all knowledge 
Prychical research has already progressed 
sufficiently far in her investigations to make a 
very sensible divmion of these ghost stories, 
a division of the Iving and a division of the 
dead Ghosts have been seen of living people, 
and ghosts have been seen of dead people. We 
apeak, therefore, of Phantaama of the Living and 
of Phantasms of the Dead, The very division 3s 
Kigmificant enough, and the intelligent student 
will easily see, when he has examined the general 
items of the first division, that the explanation 
of the first may m some measure be a form of 
the ultimate explanation of the second, a con 
summation eagerly desired apparently by the 
majonty of people, sinee it et eae to buttreny 
the good old sturdy conviction that the dead never 
return. 

Phantaeme of the Living. Ever since 
the dawn of history there have been cases of 
men and women aecen by then fellows at times 
when they themselves were beyond the range of 
vision bet us consider one case which came 
under our notice only the other day, and which 
may be taken as typical of all the canes under 
this head. 

A lady, going upstairs, saw the nurse come 
from the bath-room, rubbmg her hands together 
asif she had just washed them ; the nurse was 
dressed in black bonnet, grey jacket, and white 
skirt ; she did not turn her head on hearing ber 
mistress, but passed on into the might nursery 
Almost at the same moment a child sn the 
nursery called to her mother asking her to te 
a pinafore, and the mother rephed that the nurne 
was in the night nursery and would attend to it 
“No, mother, nurse isn’t there ; she’s downstairs,” 
replied the child, and at that moment the Jay 
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saw the nurse coming up the stairs dressed 
in a manner entirely different from that which 
she had seen in her vision. 

The lady is a woman of great practical common- 
sense, and she protests that she did not see a 
ghost, and does not think that she did, but 
she protests with equal earnestness her convic- 
tion that she saw the figure of tho nurse at that 
moment as distinctly and as vividly as she 
ever saw it in real life 


Seeing by Imagination. Now, the ex- 
planation of this apparition is comparatively 
simple, and will carry conviction to every mind 
except the mind of the lady. (It is a curious 
fact that it is far more easy to persuade 
people who have not seen a particular ghost 
that your explanation accounts for it, than 
it is to persuade those who have seen that 
ghost that the explanation of those people who 
have not seen it is the right one!) In this par- 
ticular case it would seem as if the lady had 
on many occasions seen the nurse issuing from 
the bath-room after washing her hands; on 
this occasion her mind, working automatically, 
suggested to her a customary sight at the top 
of the stairs, and she, being more or less in a 
tired state of mind, received the suggestion and 
believed that she had actually seen the nurse. 
In that wonderful volume ‘ Phantasms of the 
Living ” the reader will be able to make himself 
acquainted with endless instances of this kind, 
and he will be able to form his own opinion on 
the working of the human mind. Nor need he be 
confused in cases where the apparition has been 
the forerunner of disaster, since the materialistic 
theory can explain this as the theory of tele- 
pathy. The anxiety of a mother in a moment 
of crisis is quite likely to affect the child 
80 a8 to project the image of the mother 
upon the child’s mind. There are many 
instances of this extreme form of sympathy 
operating in the case of twins over considerable 
distances. 

But it will be seen that this theory, even 
though it lays ghosts in as wholesale a fashion 
as an expert skittle-player floors ninepins, reveals 
to us an operation of the mind as important to psy- 
chology as the attraction of the earth is important 
to physics. The trouble is that people, accepting 
the disproof of the ghosts, do not accept the 
proof of telepathy. They-:do not perceive 
that we have evidence here which endows the 
mind with powers of an extraordinary order, 
powers which lift it out of the category of 
material things, and bestows upon it at least 
® spiritual significance. In the article following 
this we deal with the question of Tclepathy, 
but it is important to explain here the obvious 
and most suggestive conclusion that the only 
theory which accounts for phantasms of the livin 
is one which concedes to the human min 
faculties of an almost spiritual nature. 

Phantasme of the Dead. We are now 
brought face to face with the supreme question 
of our subject. Is the evidence sufficient to 
convince the ordinary man that spirits have 
returned from Hades to visit these pee eee 
of the moon? Has the ghost of a dead person 
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been seen by more than one credible witness 
long after the time of his decease ? 

rederic Myers, who believed himself that 
this evidence 1s sufficient, concludes the seventh 
chapter in “ Human Personality’ with these 
words: “I do not venture to suppose that the 
evidence set forth in these volumes, even when 
considered in connection with other evidence 
now accessible in our ‘ Proceedings,’ will at once 
convince the bulk of my readers that the mo- 
mentous epoch-making discovery has been 
already ade: Nay, I cannot even desire that 
my own belief should at once impose itself upon 
the world. Let men’s minds move in their wonted 
manner; great convictions are sounder and 
firmer when they are of gradual growth. But 
I do think that to the candid student it should 
by this time become manifest that the world-old 
problem can now in reality be hopefully at- 
tacked; that there is hopeful and immunent 
possibility that the all-important truth should 
at last become indisputably known ; and, there- 
fore, that it befits ‘all men of goodwill’ to help 
towards this knowing with what zeal they 
may.” 

The Face at the Window. We will 
quote two stories of apparitions which seem to 
us inexplicable on the grounds of telepathy, and 
also so simple in their details as to convince 
the inquirer of their genuineness. The first 
story reached the Society for Psychical Research 
through the Bishop of Carlisle, and is related b 
the Rev. G. M. Tandy, Vicar of West Ward, 
near Wigton, Cumberland : 

‘* ‘When at Loweswater I one day called upon a 
friend, who said: ‘ You do not see many news- 
mupers ; take one of those lying there.’ I accord- 
ingly took up a newspaper bound with a wrapper, 
put it into my pocket, and walked home. In 
the evening I was writing, and, wanting to refer 
to a book, went into another room where my 
books were. I placed the candle on a ledge 
of the bookcase, took down a book and found 
the passage I wanted, when, happening to look 
towards the window which was opposite to the 
bookcase, I saw the face of an old friend whom 
1 had known well in Cambridge, but had not 
seen for ten years or more—Canon Robinson 
(of the Charity and School Commission). I 
was so sure I saw him that I went out to look 
for him, but could find no trace of him. I went 
back into the house, and thought I would take 
a look at my newspaper. tore off the 
wrapper, unfolded the paper, and the first 
piece of news that I saw was the death of 
Canon Robinson.” 

In this story, it will be noticed, Mr. Tandy had 
not seen Canon Robinson for a number of years ; 
there was no apparenf reason why he should 
be thinking of him; no apparent reason why 
Canon Robinson should desire to appear to 
an old college friend ; and no question at all of 
telepathic commumication. The newspaper was 
in its wrapper, and the news of Canon Robinson's 
death had not reached his friend. No explana- 
tion in the world is possible for the apparition 
except the simplest of all—namely, that Mr. 
Tandy saw a ghost. 


The Commercial Traveller's Story. 
The second story is pronounced by Frederic 
Myers to be ‘one of the best-attested, and in 
itself one of the most remarkable that we 

sess.” Wo quote from a letter written bv 
the sfibject of the experience: : 

“In 1867 my only sister, a young lady of 
eighteen yeara, died suddenly of cholera in 
St. Louis, Mo. My attachment for her was 
very strong, and the blow a severe one to me. 
A year or so after her death the writer became 
a commercial traveller, and it was in 1876, 
while on one of my Western trips, that the event 
occurred. I had ‘drummed the city of St. 
Joseph, Mo., and had gone to my room at the 
Pacific House to send in my orders, which were 
unusually large ones, so that I was in a very 
happy frame of mind indeed. My thoughts, of 
course, were of the orders, knowing how pleased 
my house would be at my success. | had not 
becn thinking of my late sister, or in any manner 
reflecting on the past. The hour was high noon, 
and the sun was shining cheerfully into my 
room. While busily smoking a cigar and writing 
out my orders I suddenly became conscious that 
Romcone was sitting on my left, with one arm 
resting on the table. Quick as a flash T turned 
and distinctly saw the form of my dead sister, 
and for a brief second or xo Jooked her squarely 
in the face, and so sure was I that it was she that 
I dan forward in delight, calling her by name, 
and as] did sothe apparition instantly vanished. 
Naturally, I was startled and dumfounded, 
almost doubting my senses, but the cigar in 
my mouth and pen in hand, with the ink still 
moist on my letter, I satisfied myself that I had 
not' been dreaming and was wide awake. 1 
was near enough to touch her, had it been a 
physical possibility, and noted her features, 
expression, details of dress, ete. She appeared 
as if alive. Her eyes looked kindly and per 
fectly naturally into mine. Herskin was so life 
like that T could seo the gloss or momture on it> 
surface, and, on the whole, there was no change 
in her appearance otherwise than when alive. 

The Mystery of an Unknown Mark. 
‘‘Now,”’ proceeds the narrator, ‘‘comes the 
most remarkable confirmation of my statement, 
which cannot be doubted by those who know 
what I state actually occurred. This vinita- 
tion, or whatever you may call it, so imps rKed 
me that I took the next train home, and 
in the presence of my parentx and others 
I related what had occurred. My father, 
a man of rare good sense and very practi- 
cal, was inclined to ridicule me but 
he, too, was amazed when later on I told them 
of a bright red line or acratch on the right-hand 
side of my sister's face, which I had distinc tly 
seen. When 1 mentioned this my mother 
rose, trembling, to her feet and nearly fainted 
away, and as soon as she had sufficiently recos ered 

she exclaimed that 1 had indeed seen 
my sister, as no living morta! but herself was 
aware of that scratch, which she had accidentally 
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made while doing some little act of kindnese after 
my sister'« death. She said ashe well remembered 
how pained she was to think she should have, 
unintentionally, marred the features of her dead 
daughter, and that, unknown to all, how she had 
carefully obliterated all traces of the slight 
scratch with the aid of powder, ete, and that 
she had never mented it to a human being 
from that day to this. In proof, neither my 
father nor any of our family had detected it, and 
positively were unaware of the incident, yot 
I saw the acratch as bright as if just made, “So 
strangely impressed was my mother (hat even 
after she had retired to rest she got up and 
dressed, came to me and told me she knew, at 
least, that I had seen my sister. A few weeks 
later mother died happy in her belief she would 
rejoin her favourite daughter in a better world.” 


The Remarkable Features of the 
Story. In this story we have some remark- 
able features. In the first place, the subject of 
the oxperience is not ® woman, not hysterical, 
not emotional ; a commercial traveller attend- 
ing to his business and smoking a cigar is not 
of the order of persons who usually see 
ghosts. The vision appeared nine yeurs after 
the sister's death, al it wore the unknown 
feature of a disfigurement) which had been 
mude after death. Now, he would be a 
bold man who asserted that the mother un- 
consciously projected the vision of the daughter 
upon the son's mind. In the seeond place, wo 
know of no case in which a person lias projected 
the picture of another person on a distant 
mind, Hf it had been the mother who appeared 
to the son telepathy might be the explanation, 
but even here we should be puzzled to explam 
the apprehension of the vision on) the son's 
part in the midst of his considerable occupation, 

We have no room to quote further enses, 
We must ask the serious inquirer to consult 
the volumes of the Society of Psychtoal Research, 
Qur contention is that) while telepathy may 
explains many phenomena of this kind and 
even then, be it most carefully noted, does but 
present the mind with a problem almost as won- 
derful as that of apparitions it yet doce not cx- 
plain many cases in which perfectly trustworthy 
people have solemnly deelared before men that 
they have seen phantaxme of the dead a 
considerable period after the time of decease, 

Measagea from the Dead. We mut 
point out, in conclusion, that. the dead do not 
always appear, but very frequently so fur a. 
the records tell- communicate by other mens 
—rn,, automatic writing and through the 
mouths of mediums. The reader is not asked 
to believe all or any of these stories, but he as 
advined, before passing his judgment on the 
question, Lo consider whether all these obscure 
and somewhat alarming phenomena, if suffi- 
ciently investigated, are not likely to contribute 
vome elucidation to the problem of conscious. 
ness, and, pussibly, to throw light across thes 
threshold of the Life beyond this phase of life 


Continued 
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Screw Cutting. Gear Cutting. Turret Work. High- 
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By JOSEPH G. HORNER 


SCREWS are cut with dies comprising several 
cutters, or with single pointed tools. The latter 
are used in Fox, or chasing lathes, sometimes in 
the capstan lathe, and in the ordinary screw- 
cutting lathe. Either dies or comb tools are em- 
ployed for bolt cutting, and for the formation of 
threads in capstan lathes. The screwing dies 
lal contain three cutters, in a cam plate 
operated by a scroll and lever. The plate 1s in- 
dexed for setting the positions of the dies, and 
fitted with an adjustable stop. Those dies are 
arranged with their cutting edges radially, so that 
they point to the centre of the work, no matter 
what its diameter. They cut a full thread at one 
operation, Bolts are largely done in the open- 
spindle chasing lathes. These are constructed, 
except for the open apindle, much hke the 
ordinary hollow-spindle lathes. But the em- 
ployment of an open spindle permits of -the 
turning and chasing of bolts and screws with 
heads from the solid bar, and also permits of 
the ready chucking of single bolts and screws 
for chasing ; while 
in stud turning the 
workman can pass,’ 
his hand into the . 
open spindle for \ 


289. SIMPLE 
TRAIN 


the ready adjustment of the bar without going to 
the back of the headstock for the purpose. The 
centres of these lathes range from 6 in. to 10 in, 
those of from 8 in. to 10 in. being double geared. 

Long Screws. All bolts and short screws 
and studs made in quantitics are produced 
by the foregoing methods, by dies, or chasers of 
some form or another, tho guidance being 
embodied in self-leading dies, or in a hob which 
imparts longitudinal movement to the chaser 
bar. But what we have to consider here 
chiefly is the cutting of long screws by means of 
a single-edged tool, which is traversed in the 
slide rest by the lead or guide screw, at a rate 
which is predetermined by certain arrange- 
ments of change gears. The pitch of the guide 
screw is unalterable; the variable element is 
provided by the {wenty-two chango gears, 
which are capable of an immense number of 
combinations. They number 20, 25, 30, 35, 40, 
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45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 
110. 115, 120 teeth, with one or more duplicates. 
as 20, 40, 60, 80, 100. These derive their motion 
from the headstock mandrel or spindle which 
rotates the work to be threaded, and com- 
municate it at equal or different rates to the 
guide screw. The only method which comes 
into rivalry with this, and that only in recent 
years, and to a limited extent as yet. is 
the formation of threads by milling cutters in 
what are termed screw milling machines. The 
difference is that the cutter in these rotates, 
and more rapid results are attained. 

Methods of Calculation. In the 
common screw-cutting lathe the, elementary 
basis of calculation between the guide screw, 
of fixed pitch, and the scrows to be cut. 
of many pitches, finer, and coarser than that 
of the guide screw, is simply that of the 
ratio, or proportion which subsists between the 
two. As this takes the form of a fraction, 
the calculations are put in the same form. 

The simplest way 
to consider this sub- 
ject is to remember 
that three principal 
cases occur: (1) screws 
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UP CHANGE WHEELS CONNECTED BY IDLER 


cut with pitches equal to that of the leading 
KCTEW ; 
(3) screws of coarser pitches than that of 
the lead screw. The first class would he 
cut with wheels of equal numbers of teeth 
on mandrel and guide screw; the second with 
a smaller wheel on the mandrel driving a larger 
one on the lead screw, so retarding the move- 
ments of the tool; and the third with a larger 
wheel on the mandrel driving a smaller one on 
the guide screw, so accelerating the movementa 
of the tool. Or, put in another way—which is 
of universal application-the pitch of the guide 
screu' ts to the pitch of the screw to be cut as the 
number of teeth on the mandrel change wheel is 
to the number of teeth on the guide screw wheel. 

There are two practical methods of obtaining 
the change wheels necessary to cut a siven 
thread: (1) by obtaining ratios direct, the other 
(2) by cyphers. 


(2) screws with pitches finer; and - 


(1) To cut a thread of 2 per inch with a 
guide screw of 4 per inch 


4_9 
g —= die 

The change wheels must therefore have a 
ratio of 2 to 1. 


(2) Place the number of threads in the guide 
screw for a numerator, and the number in the 
screw to be cut for a denominator, and add a 
cypher to each to obtain the numbers of tecth 
in the change wheels: 

Guide screw 4 _ 40 
Screw to be cut, 2 a 
and wheels of 40. and 20 teeth will cut the 
screw required, and 40 will go on the mandrel 
and 20 on the guide screw. 

Simple and Compound Trains. When 
two wheels only are used the train is a simple 
one [289]. But when ratios exceed 6 to 1 
simple trains do not suffice, because one of the 
wheels would exceed the limits of the centres of 
mandrel and 
guide screw, 
or the sive of 
the largest 
wheel in a set. 
Compound 
trains {290] 
consisting — of 
four or more 
wheels are 
then used. but 
the ratios of 
drivers and 
driven remain 
unaffected. 
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driving whecle, and 50 and 100 are the driven 
wheels. 

In the case of very fine or very coarse pitches, 
the compounding has to be increased to six or 
eight wheels; but the ratios must always 
be observed exactly | The tinal arrangementa 
obtained can always be tested by multiplying 
together the drivers and the driven separately, 
and dividing one quotient by the other, asin the 
example just given. 

It will be evident that, the object: being to 
select. workable wheels— that as, wheels in’ tho 
standard sets—the breaking up into factors 
in the example given may be done by halving, or 
doubling. or adding, or lessening by any suitable 
increments, as fourths, fifths, or thirds. But 
the essential point is that the factors which 
stand for numerators and denominators respec- 
tively must be increased ov diminished in’ tho 
game proportions in order to retain the same ratio. 


Gearing Up. Fig. 290 illustrates the method 
of gearing up change wheels. The driving wheols 
here are A, B, 
and the driven 
(C.D. E is the 
quadrant, or 
xwing plate 
pivoting 
around tho 
wrxis of the 
guide screw F, 
the object of 
which 18 to 
afford a large 
range of ad- 
justment for 
the centres of 








If ascrew of the change 
20) threads per wheels The 
inch bewanted, firat wheel, A, 
the guide screw derives ith 
having two motion from 
threads per ; | the mandrel 
inch, then: Hs Pe tee ie Se eA Meee) through the 
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a ratio of 0°10 to 1, or ,|,th; or, putting it in the 
form of a fraction: 

1 10 

10° 100° 

But as the lowest wheel in a set has 20 teeth, 
this fraction must be multiplied by 2: 

10 — 20 
106 * “~ 200" 

But, now, 200 exceeds the highest numbered 
wheel in a sect. and so other wheels must be 
found. There are several ways by which a 
compound train may be deduced, by breaking 
up into factors as follows : 


20 :10x2 _ yaa x20 _ AQx 20 2a 207 

200 20x16 ¥0Hx100 Yoox 100 60» 100 
These last factors give wheels in a set without 

requiring duplicates, and they have the same 


10 2) and 25 and 20 are the 


Pama or str? 


ratio as 


function of which is the reversal of the direction 
of rotation of the lead screw by the reversing 
plate G. Fig. 201 shows a ample train, A, B, 
connected by an idler, C, to cause the lead screw 
to rotate im the same sense as the mandrel, to 
cut towards the headstock. The photo 202 
illustrates the cutting of a deft handed serew in 
the shops of Ludwig Loewe & Co. 


Fractional Pitches. Pitches often have 
to be cut which are not integral parts of the 
guide screw, but comprine integers and fractions. 
Then the denominator of the fraction in used as a 
multipher, thus; 9) threads a moh to be cut 
with a lead screw of 4 per inch: 

i r 2- ut ratio 
4 + ; 


We may multiply thin by, say. 5: 
10 , ve) 
8 4() 

and 40 will be the driver, and 95 the driven. 
S529) 


i) 


wheels ; 


The foregoing simply give the principles on 
which screw-cutting calculations are worked 
out. Calculations may also be worked decimally. 
Millimetre pitches may be cut with an English 
lead screw by using a wheel of 127 teeth. The 
question of cutting screws having prime numbers 
to the inch often to be considered. So, too, 
the problem often arises of cutting, not so many 
threads per inch, but of a certain number of 
threads in a given length of so many inches, and 
fractions of an inch, all of which 
admit of more extended treatment 
than can be given here. But no 
real difficulty need arise if the essen- 
tial ratio between lead screw and 
screw to be cut, as previously stated, 
be borne in mind. 

The cutting of multiple threads 
is done by chalking the teeth of the 
mandrel wheel and of the driven 
wheel which engages with it in two 
equal parts for double threads, in 
three for treble threads, etc., and 
using these marks as points at which 
to start cach thread. There are also 
other devices. The question of 
catching threads at proper places 
has to be considered when the pitch 
of the screw to be cut is not divisible 
by that of the lead screw without a 
remainder. The cutting of square 
threaded screws gives rise to diffi- 
culties in grinding the angle of the tool, for which 
a diagram must be made of the developed thread. 
These and other details render screw cutting a 
highly specialised department of the turnery. 

Gear Cutting. Recent years have wit- 
nessed an extensive substitution of cut for cast 
gears. Thero arc many reasons for this into 
which we cannot enter. But 
with regard to the machine 
shop, the result is that the 
numbers of machines have in- 
creased, and that several new 
types have beon designed. The 
most remarkable growth has 
been that of the planer type, using a 
form, or enlarged pattern tooth; and 
the generating type, in which tecth 
mathematically true are produced by 
mechanism embodied in the machine 
itself. These include machines in which 
rotary and reciprocating cutters are 
used—tho Bilgram, the Warren, the 
Fellows, the Robey-Smith, the Beale— 
machines which have little in common 
except the resulting teeth produced by 
generation without either formers, or 
tooth shapes embodied in the cutters themselves. 

Cutters. In the ordinary or older practice 
of gear cutting, all tecth are formed by milling 
cutters | 288 to 205]. These answer very well for 
spur gears, though the accuracy of the teeth 

pends entirely on that of the cutters. But 
these are approximate only, since eight cutters 
have to uce all teeth from those of a rack to 
the smallest pinion in a set, and 24 cutters have to 
suffice in cycloidal teeth, as in the tables above: 
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InvoLute CUTTERS. @ 
(Brown and Sharpe System.) 
No. 1 will cut wheels from 135 teeth to a rack 


No. 2 59 99 99 39 55 99 99 134 teeth 
No.3 5, 5 9 99 Buys 54 9” 
No. 4 9? 99 99 93 26 99 9° 34 99 
No. & 4, 9 ” 99 21 ny) 25 9 
N e 6 99 99 9” 99 17 99 99 20 99 
No. 7 3° 9¢ 99 99 14 99 99 15 99 
No. 8 °9 99 99 99 12 99 qe 13 90 
EPICYCLOIDAL CUTTERS. 
Cutter A cuts 12 tecth 
ae > cae 13°: 3s 
os C ” 14 ” 
rT) D 99 15 9 
Seo aD igs 16 a, 
ve. oH: xs ET” 
ee I 9 18 99 
98 H 99 19 e9 
a (ar ww ,, 
x) J 99 21 to QV ee 


23 ,, 24 ,, 
ae Ae. eee Ee 2B 55 
a DD wy. Olas 2M gs 
. N, 30, 33. ,, 
” O 99 34 99 37 99 
<P me! OB AZ 4 
99 Q 99 43 9” 49) 99 


99 R 90 50 99 39 ry] 


“9 Ss 99 60 99 74 99 
ee OU <ai> Sara: DO” 
» UU , 100,, 149 ,, 
» V , 150, 249 ,, 
» W ,, 250 or more 

» © » Rack 


For the differences in teoth, see the course on 
Drawing tor Engineers. 
In some 


of the Gleason machines a form 
is used as a guide for the 
roughing-out planing tool, A 
in 206. As this leaves fine 
ridges on the teeth, finish is 
imparted by the tool B, the 
shape of which is the counter- 
part of the tooth spaces. 
Wheels up to 20 ft. diameter are cut in this 
way. In the Fellows’ machine, used for 
spur gears only, the teeth are generated 
by an actual wheel [297, A] the teeth 
of which are hardened, backed off, and 
ground to form cutters; the wheel is 
rotated through a small arc, and cuts 
in the intervals of cach movement by 
a planing action. as indicated to the 
left of 2897. This process is identical 
with that which would happen if a 
wheel of a hard substance were rotated 
in relation to a wheel blank of a_ plastic 
matcrial. One wheel thus generates the teeth 
of any wheel of any sive of the same pitch 
with perfect accuracy. In 207 the right-hand 
illustration shows a Ee of wheels, B B B, 
arranged to be cut simultaneously. AtC, below, 
an internal gear is being cut. The gears B 
are being tooled with a draw cut, hence the 
reason for the resistance afforded by the ad- 
justable stop D above. 


Cutters for Bevel Wheels. But the 
difficulties in outtmg bevel wheel teeth with 
rotary cutters are far more serious than those 
which occur with spurs, because of the tapering 
forms of the teeth, duc to the attempt to cut 
teeth, the sectional shapes of which change con- 
stantiy, with rotary cutters of unalterable 
section [298] The result 18 a compromise 
Absolutely true teeth are impossible in this 
system, hence the reason for the employment of 
planing and generating machines 

In planing machines for bevel wheels, a form, 
or enlarged tooth about three times larger than 
the wheel tecth on the majo: diameter, 18 used 
as a guide to the arm which cares the recipro- 
cating cutting tool, which travels in a path 
always towards the apex of the pitch cone [299] 
The result 18 teeth the accuracy of which 
depends on that of the form used “The procens 
18 a Slow one, hence many of these machines 
have two arms and tools cutting on opposite 


Hanks The 
Scilers, the 
Qcrikon, the 
(.leason, and 
the Gieen 

wood and 


Batley belong 
to this group 

The firrt 
generating 
machine made 
—the Bilgram 
—embodies 
roll cones by 
whith the re 
Ciproc ating 
arm 18 coerced, 
und acc urate 
tecth are thus er 
generated.and = io : 
this machine a a orn 
still holds a a _ a 
leading place at” 
The Robey 
Smith em- 
bodies a rather complicated Imk mechanism hy 
which the movements of the two cutting arma art 
controlled In the Warren, the tools are controlled 
by slides. the angles of which change constantly 

The duties of the machinist operating gi ar 
cutting machines obviously vary very much 
with the class of machine used [In the 
ordinary types the pitching has to be donc by 
hand through a division plate and change 
wheels , in the fully automatic types onc man or 
youth can attend to several machines The 
turning of the blanks 1s done «lu where at the 
lathes, or in some cases they are milled = The 
wheel blanks, turned to the correct outlines, 
terminating at the ponte or «nds of the teeth, 
are also bored The bore affords the means by 
which they are held on an arbor during cutting, 
though they are fixed [285] firmly by bolts in 
addition 

Turret Work. The large group of 
machines which are included under the terms 
turret lathes and aulomalie crew machines 
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constantly grow im = importance 
rivals to the common lathes and to a rewmy 
machines The ossential feature by which 
they are distinguished 98 that, matead of setting 
& tool or tools im succession ina slide reat, a 
number of tools are fixed up and set permanently 
in turret and cross slide [801] to opaate in 
SUCCESSION On a piece of work. and that the 
Operations on any niummber of similar preces are 
repeated without any rehxmg or readjustment af 
the tools | This means that all the dimensions of 
a piece of work are fixed by the tools wath the 
result that tentative measurements durmg the 
progiess of the cutting are avoided = Mos os 
thue in tunet and automatic lathes abke But 


They are 


the latter, embodies, in- addition, all) provisions 
neccessary for the automatic movement and guip 
ping of the work, of the rotation and lockmg of 
the tumet and its tools, and of the tools im the 
cross shdes, and all are timed to take place at 
the precise instant required 


Turret 
Toole. Tools 
uned an turret 
practicg com 
pride roughing 
und finishing 
tools for turn 
ing, bonny, 
and) forming 
tools for cut 
ting off, drills, 
reamots, and 
MOTE Wing tools, 
They are grip 
ped oan the 
turret chrec tly, 
Ob ID terme 
dhate boxes, or 
my othe (ross 
shack No 
measurement 
im ever taken 
with rule oo 
Cahpers afte 
the tools an 
once fixed tp until after the work in removed 
from the lathe | The range of moveincnt of cach 
tool is predetermined by the usc of atops and 
throw out) mechanism, so that subscquent 
gauging detects but a small proportion of 
maccurate pieces The action of the tools as 
much asmated by the free use of lubricant 
pumped under pressure on the tog) pomts and 
the portions of the work which are andergomy 
cutting = Then cutting edgex are thus proncrved 
good for very considerable posods, generally fot 
some dayx, and the accura y of the work pro 
duced is not impancd by any amportant rian 
tem perature 

Points in Turret Practice. In th 
employment of these tools there are several 
other matters whith have to be borne im 
mind as affecting the accuracy of resulta —the 
embodiment and the maintenance of alignment, 
the prevention of vibration or diatortion, the 
flexure of tools and their holders, and thir 
synchronmng of the movements of the tools 
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with those of the work are essentials. It must 
be remembered that, in the interchangeable 
classes of products which are done on the turret 
lathes, uniformity in dimensions is nec 
within a finer limit than a thousandth of an inch, 
and therefore flexure, distortion, or vibration to 
that amount would he fatal to the degree of 
accuracy demanded in such work. 

The multiplication of tools is the most dis- 
tinguishing feature of the turret lathes. Instead 
‘of putting in and clamping tools in a rest one 





A great improvement introduced by the turret 
lathes is that of making pieces from solid plain 
bar, instead of using forgings of the approximate 
shape required, and finishing them. By using 
a bar, a considerable length can be gripved in 
the chuck and fed through at intervals as pieces 
are turned off, and there is no bother with scale 
as on forgings, or difficulty in holding up to 
dimensions. Bars up to 6 in. diameter are thus 
worked from on semi-automatics and _ full 
automatics. 
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296, Uear cutting with form as guide 207, Details of Fellows’ gear-~utting machine 298. Rotary cutter at work 
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99. Bevel gear cutting by planing 


after another for performing successive operations, 
all the tools required are held in a revolving 
turret and on a cross-slide [801], so that they 
may be brought into position in succession as 
rapidly as possible, and by moans of stops may 
be checked at predetermined positions, enabling 
work to be repeated indefinitely to uniform 
dimensions. The tools are constructed so that 
they cannot cut smaller or larger through any 
mistake on the part of the attendant, who simply 
has to move the handles to feed up and withdraw 
the tools. In automatics even this is dispensed 
with, and the movements are actuated by cams 
without human intervention. 
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Example of Turret Work. The example 
of turret practice shown in 3800 to 3806 will 
serve to illustrate the principal operations done 
with turrets, the case being taken from the practice 
of Alfred Herbert. Ltd. on one of their automatics. 
The piece being produced is a locomotive handrail 
pillar, which is finished from a bar, A, the size of 
the largest diameter, held in the headstock chuck 
and rotated by it. The turret, shown with its 
complete set of tools in 302, first brings up a 
starting tool, B, with three flat cutters held. in 
such a way that the end of A is bevelled or 

inted, as seen in 802, to enable the box tool C 

8038] to begin easily. Before, however, C can 


begin, B has to retreat, and the turret be given 
a partial turn, bringing C into line with the bar, 
when it commences to travel up the latter. 
The box tool, seen in detail in 300, comprises a 
cutter, A, held in a cast-iron frame or box, and 
clamped and adjusted therein by a bolt and grub 
screw, and a pair of adjustable V-guides [B} 
located opposite the cutting edge. The bar 
cannot, therefore, spring away from the tool, 
as it may in ordinary turning, but is kept up to 
it by the guides, enabling heavy cuts to be taken 
and ensuring uniform diameters on numerous 
pieces. Two diameters may be turned on a bar 
by fitting a couple of the tools and guides A 
and B in a box, one hehind the other, a longer 
box being used if required. 

Returning again to the sequence of operations, 
in 804 the box C has retreated, and another, D, 
is brought up for finishing to exact size—because 
C had to rough off a large amount—and also to 
cut down the end of the bar smoothly to length, 
with a facing tool held in the shank of D. 
Forming is the next operation, done with a 
broad, = deep 
tool [E, 305], 
held on the 
cross-slide and 
fed into the bar 
until it as- 
sumes the 
shape seen in 
805. A steady 
bush, F, in the 
turret supports 
the end of the 
bar during 
forming, to 
prevent it 
from springing 
back under the 
heavy _ stress. 
Screwing is 
done next with 
the die IG, 
806], which 
cuts the thread as the bar revolves, and then 
automatically opens, upon which the turret 
moves back, avoiding the necessity for unscrew- 
ing the work out of the die, which would have to 
he done if the latter were solid. Finally, the 
piece is parted off with a cutting-off tool {H, 306}, 
formed so that the globular form of the pillar 
end is retained, leavmg a mere tit at the end. 
When the pillar drops off, the bar is fed through 
the spindle again, and the cycle of operations is 
repeated. 

In addition to these common operations, 
others which can be done on turret lathes are 
boring, recessing, and threading holes, brond 
facing, with tools travelling on the cross-slides, 
taper turning and boring, reumering, knurling, 
etc., some of which entail the use of special rigs. 

Influence of Turret Work. She 
modern practice of turret lathes and auto- 
matics has effected profound changes in the 
forms of and methods of operation of many 
cutting tools. From the comparatively simple 
forms used on the semi-automatic lathes, in 


I 





ental toe 


a ; bd he ‘ 
: ”: : 


301. REVOLVING TUBRET AND CROSS SLIDE , 


< : turning 





a ee ce cere = nn anne er nee 


MEGHANICAL ENGINEERING 


which all the various movements of the tools 
and of the work aro effected by the volition of 1 
workman who dares not move away from his 
post, they have grown into very complicated 
mechanisms. The reason of this complication 
is twofold: firat, the dese to be able to perform 
two or more cutting operations simultaneously ; 
and, secondly, the economical necessity of 
making the machines and their movements 
wholly automatic. The result is the evolution of 
the boxes that contain several tool. The 
movements of cach tool are predetermmed, and 
in the more elaborated types there as mechanism 
introduced for producing movements of the tools 
in the boxes, independently of the primary 
motion of the box derived from the movement ot 
the turret. 

High-speed Toola. The advent of the 

high-speed tool steely in 1000 has changed the 
practice of the machine shop in a more radical 
fashion than any other innovation since the 
inventions of the slide reat lathe and the planing 
machine. These steels do not owe their value 
to carbon, as 
do the ordinary 
tool gteels, but 
chietly to chro- 
minum, tung: 
sten, and moly- 
bdenum They 
are not tem- 
vered, but 
hail rycht 
out in eold aur. 
They operate 
best oat high 
Kpeeds and at 
high tomperna- 
tures, | They 
show to better 
advantage om 
matt 
steel (han cast 
ron. They are 
forged ont oa 
white heat, which would ruin ordimary carbon 
steels. The rate of cutting vanes with the 
area of the chips removed Jt ranges from, 
say. 40 ft or 30 ft a minute doing very heavy 
work, to 400 ft. on light cuts. From $00 Tb. to 
1,000 1b of clips removed per hour no unusual 
record, One result is that new Jathes have been 
desned to withstand the cnormous  ptresses 
imposed, and that the driving power m machine 
shops using these xatecls has had to be treelheed 
and quadrupled. Tho sume stecl is usd largely 
for drills and milling cutters, and some re inathable 
performances are on record. 

Templeting. A section of modern practice 
which ix of vast and growing importance is that 
denominated tem pleting, firtarc, and pg work The 
terms are used rather loosely, but may be defined 
as follows, A templet or template is used to 
avoid the lining out illustrated ina previous 
article. Its function is either to embody centres 
and edges for lining off work by, ur to be employed 
asa guide for machining by. The first-named 
is the templet proper, the second is often termed 
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a fixture, something which is attached to the 
iece of work, or vice versa, thus obviating any 
ining out whatever. The advantage is that not 

only is much time saved, but any number of pieces 

machined thus will be all alike, which cannot be 
guaranteed when lines have to be worked by. 

The simplest example of the templet, or jig, 18 
that used ee drilling and allied operations [807]. 
The holes provided in it control the drill or reamer 
so that there can be no departure from exact 
centres. As the holes would wear in time with 
the friction of the dril], the 
are generally bushed with 
hardened. stee] [807], or cast- 
iron bosses are screwed or 
riveted to the shect metal tem- 
plet [308]. Provision is also 
made for setting or adjusting 
the templet to the work, and 
this is often not an casy thing 
to design when fitting has to 
be made to rough castings and 
forgings. 

In strictness, the term tem- 
plet, though applied loosely to 
fixtures and jigs, signifies 
something by which work is 
lined out, though drilling tem- 
plots, as just shown, are con- 
stantly spoken of. A fixture 
denotes something which is 
specially designed and attached ~ 
to a machine for holding 





807. STEKL BUSHED JIG 


special pieces in repetitive work without involv- 
ing tentative settings. It may or may not 
include provision for controlling the movements 
of tools. But if it does embody such provisions, 
the term jig is usually applied. Some of these 
fixtures and jigs are of a simple character, others 
are extremely complicated and costly. Many 
embody provision for controlling the whole of 
the tooling on an elaborate casting or forging, 


as planing, milling, drilling, reaming, etc., at 


302 
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one or more settings. They may cost many 
pounds, but in an interchangeable system of 
manufacture the cost per piece becomes almost 
inappreciable, and often comparatively unskilled 
labour may be employed, since neither lining 
out nor measurement has to be done. In 
modern asda paot devices are largely 













opted. 

Subdivision in the 

Machine Shop. This is 
carried out to 


a greater extent 
than it was a few 
years ago. It is 
done in two ways 
—tither by group- 
ing machines un- 
der a single roof, 
or by arranging 
them in separate 
shops. In a works 
of medium size, 
the first is the better 
plan, but as firms in- 
crease in dimensions the 
latter possesses advan- 
tages. In the first case, the 
entire shop can be under the 
control of one foreman ; in 
the second, since more than 
one foreman is necessary, it 
is better to keep the depart- 
ments in separate buildings. 
It is more convenient for 
power transmission and for 
handling materials and work 
to have machines grouped, 





808. JIG WITH CAST-IRON BOSSES 


when in large numbers, in separate buildings. 
The modern method, therefore, is not to mix 
up all sorts and sizes of machines, as lathes, 
planers, shapers, drills, indiscriminately, but to 
have a heavy planing department. and a light 
one also, light milling machines distinct from 
the heavy, light drills also—a system which 
lends itself to the better control of tools and 
jigs, to the training of hands, and to economies 
in production. 


Continued 
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The Advantage of Continuous Supply of Weft. Efforts to 25 


Attain this. Automatic Weft Feed on the Northrop Loom 
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By W. S. MURPHY 


WHEN Edmund Cartwright invented the 

power-loom he imagined that he had 
discovered the principle of automatic weaving ; 
but practical experience soon showed him 
his mistake. The loom itself would go on 
working so long as the driving power was 
applied; but the weaving ceased so soon as tho 
weft spvol in the shuttle 
was exhausted. Here the 


inventor met with an 
obstacle he could not 
surmount. The shuttle 


is not attached to the 
mechanism of the loom; 
it runs to and fro, an 
independent unit. To be 
refilled, the shuttle must 
be taken out; this in- 
volves a complete stop. 
We have also been com- 
pelled to devise means by 
which the loom is thrown 
out of gear when the weft 


breaks. Here ix the prob- ne “pt 
168. THE NORTHROP LOOM 


lem: How is the loom to 
be kept going while the 
shuttles are being changed, or while the weft 
supply is being maintained ? 
he Northrop Loom. After the lapse of 

100 years, and after many a man had worn him- 
self out with attempts 
to get over the difficulty, 
news came from across 
the Atlantic that the 
problem had been solved 
by a citizen of the 
United States. The 
solution took the form 
of what is now known 
as the Northrop loom 
{163}. Strictly speaking, 
the loom was a novelty 
only in the senvo that 
it made commercially 
practicable what had 
before been regarded as 
experimental. 

Continuous Sup- 
ply of Weft. The 
main feature of the 
Northrop loom is the 
apparatus for the con- 
tinuous supply of spools 
to the shuttle. It was 
originally intended to be made applicable to all 
forms of existing Jooms; but, as we shall see 
from our examination of the appliance, rome 
modification of structure was necessary. 


wh 








164. WEFT CABRIEK 


The bobbin or spool carrier | 164] is placed on 
the breast of the loom. "Two dises, the length ot 
the spool apart, are sleeved on the supporting 
bracket, and on the inner sides of the dises are 
set small springs which hold the spools. A gunrd 
is formed on the supporting fence to keep the 
bobbins in position, while the one nearest: the 
Joom, and in position for 
delivery, is constantly 
pushed by a spring pawl, 
On the boss of the dise 
is a ratchet which en- 
gages the spring pawl 
and regulates ita action. 
Further out) on the 
spindle bearing the spool 
carrier, we find another 
disc over whieh the 
thread = from the spool 
is led, and held tense. 

Spool. The spool of 
the Northrop loom is 
apecial |165). In the tip 
in & little hole to fit) on 
the spring of the holder; 
on the butt end grooves 
or rings are made to cateh into the spring of the 
shuttle ; and the spool) must. be fairly strong, 

Shuttle. A common shuttle is solid, with 
an eye at one end for the threading of the weft ; 
but the Northrop shuttle 
[166] requires to) be of 
such a sxtrueture that. it 
will allow w spool to he 
thrust, into it by mere 
force, and yet hold it 
tightly. Inside, the 
shuttle is grooved, and 
& spring tongue grips 
on to the spool; at the 
end where the eye is 
required, a slit, opens to 
admit the tensely drawn 
thread of the apool, and 
then closes with the 
motion of the loom. 

Mechaniem of the 
Feed. ‘os have seen 
the tools, but the most 
important parta are yet 
to be examined, In the 
ordinary Joom, the weft 
fork stops the loom as 
goon as othe — thread 
mechaniam which the 





ix the 
inventor of the Northrup has utilised for his 
purpose. Instead of the hammer and presser 
acting on the spring lever which throws the 
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belt off the driving pulley, they have a different 
function to perform. Connected with the slide 
at the end of the weft fork, we find a pair of 
rocking levers, one of which has on its 
end what is called a feeler [167], while the 
other acts on the spool carrier. By the com- 
bined action of these levers, the weft spool 
is taken from the carrier and driven into 
the shuttle. 

Control of Weft and Warp. When 
the weft is spent it leaves a trail of thread ; 
to do away with this the Northrop loom is 
fitted with a cutting device which severs 
the thread at the edge of the cloth. Warp- 
breaking is also detected by another 
ingenious improvement on the usual warp- 
stop motions. It consists of a series of 
slotted steel slides in the healds, through 
which the warp is passed. If a thread 
breaks or slackens, the steel slide drops and 
stops the loom. 

orKing the Northrop Loom. 
Assuming that the loom is going and the 
weft laid properly in the shed, we find all 
the special mechanism of the Northrop out of 
action—the pusher is raised, the feeler is laid back, 
there is no contact between presser and shuttle 
box, for the weft fork tilts at every beat of 
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looms of that class, which also have undoubted 
claims; but there is one rival, at least, based 
on the same principle as the Northrop, and this 
must be given some attention. : 

A cast-iron hopper, containing specially 
made weft-cases, is fixed on the breast of the 
loom. The bottom of the shuttle box is cut 
away, and beneath it a curved slot extending 
to th ‘front of the slay has been framed. Two 
spring fingers are fixed in front of the mouth 
of the slot, and project towards the breast 
beam. At each side of the hopper a vertical 
slide is mounted, and thes¢ shdes between 
them hold ao cradle, which keeeps the weft 
cases in position. Upon these slides the 
weft fork acts when the weft fails, causing 
a weft-case to dropdown and into the 
mouth of the slot. At the same time, the 
position of the dropped case is occupied. 
When the slay comes back, the weft-case 
cannot obtain re-admittance to the hopper ; 
it meets a solid resistance ; therefore, it is 
driven through the slot and up into the 
shuttle from which it expels the spent 
weft-case. A weight brings back the cradle 
into its normal position. 

The “Seaton” Loom. It has often 
been said that the shuttle 1s the thing which 


tho slay. prevents the 
But now loom = from 
the weft being com- 
breaks, pletely auto- 
: n . t ¥ e matic. The 
ork stands SHUTTL inventors of 
will; the 166. SHUTTLE OF NORTHROP LOOM the North. 


hammer, hitherto beating the air. is met by the 
slide on the end of the fork, which it drives 
back, setting the other levers in motion. The 
lever controlling the shuttle feed is brought 
up, and is met by ao amall iron projection on 
the body of the slay. By this finger the lever 
is brought down, and the spool pushed out of 
the holder into the shuttle. At the same 
moment the spool drives out the spent or faulty 
spool, and threads its 
yarn into the shuttle. 
This action is clear! 
illustrated by 168. As 
will be noted, it was 
the forward movement 
of the slay which called 
those motions into play ; 
when the slay has swung 
back and reached its 
limit, the action is com- 
pleted ; before it comes 
forward to make another 
beat, the weft is in the loom, and weaving 
has boen resumed. With the same act, the 
ratchet on the carrier gets a turn, and another 
ieee is put into position. If. from any cause, 
the feeding apparatus fails to act. the loom 
atops. Every detail of this loom has been 
carefully devised, and covered by patents. 
The “Burnley” Loom. Though the 
best known of the automatic looms, the 
Northrop does not occupy the field alone. 
We do not refer to the Hattersley, and other 


3636 





187. NORTHROP LOOM FEELER 


rop, the Burnley, and other looms less famous, 
have devised means of making the feed of the 
shuttle automatic ; but others have tried to 
do away with the shuttle altogether. Reluctant 
as we may be to part with such a faithful servant 
of the textile mdustry, we confess to the belief 
that in this direction hes the complete solution 
of the problem. Of several devices already 
being tried, the loom known as the Seaton, 
seems most typical and 
promising. In this loom 
the shuttle is abandoned, 
and another contrivance 
# adopted, which we must 
examine in detail. 

Weft Carrier. In 
the place of the shuttle, 
we find in the Seaton 
loom a double steel 
carrier, with grippers on 
each end. This carrier 
has two motions; the 
first drives it across the shed; the second 
pushes it further inward. During the first motion 
_the grippers of the carrier are closed ; during the 
second they are open. When home, the grippers 
are again closed, and they hold a thread 

Weft Feed. Weft bobbins stand at the 
sides of the loom, and from the bobbins the 
weft is led up through a guide eye into a tube 
with clearing and regulating appliances. Thence 
the thread passes into a measuring and tension 
apparatus, which pays out to the carrier exactly 


the length of thread required, and then the 
shears come up and nip off the thread The 
carrier bears the weft through the shed, and 
the slay comes up and diives it home At 
the other side of the loom, the other end of 
the*carrier performs in the same style So 
thread by thread the loom works without stop 
In other respects the Seaton loom 1s controlled 
by the game mechanism as the common power- 
loom dhould the weft fal from any cause, 
the weft fork will act and stop the loom 

Automatic Weaving. The three looms 
so briefly sketched are taken as representative 
of the types of machine at present practical and 
in actual work. There are many others, for the 
difficulty of the problems involved attracts 
ingenious minds, and the profit offered for success 
is very great Though thousands of Northrop 
looms are working on both sides of the Atlantic, 
and producing cloth constantly, it can hardly be 
accepted as the complete solution of the problems 
involved in automatic weaving Production of 
plain cloth 1s only the firat step in weaving We 
do not belittle the Northrop in seying thot it 1s 
a complex machine, it 14 the common power 
loom, with the sutomatic apphances added on 
Add further the complexity of the dobby, the 
jacqurrd, the swivel, or the lappet, end we have 
complication of a bewildering ee Looms of 
the Northrop and “ Burnley ” have undoubtedly 
a useful future before them, but the great difh 
culty in the way of complete automatism in 
the loom has not been overcome. 

Some hint of the posuble solution of the 
problem may he got from the “Seiton — foom, 
Which discards the shuttle, but it seems that 
the whole method of forming tabrics should be 
thoroughly reconsidered The Jace loom, the 
various knitting machines, the gauze looms, the 
looms with changing warps end circular shuttle 
boxes, all suggest that some machine bes hidden 
which, 1f discovered, would umfy the whole of 
fabric manufacture Unknown to all save their 


own workers, and, perhaps, a privileged observer, 
some manufacturers have already made con 
siderable strides towards the realisation of this 
ideal At the present moment there are horizont ul 
looms upon which lace curtains are woven , cloth 
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is boing mide on what has hitherto been deemed 
only a knitting machine , the traditional alterna 
tion of warp and weft hias been obsiatad in the 
secret production of several kinds of fancy 
fobric VT) ose mysteries le far beyond the limits 
of our present study. but we point to the facts 
as showing how progress ix bempg made, though 
no trumpeting proclaune it, and as a stimelis 
to further effort: Weaving os a practical tg 
ness, and the wise manufacturer th more con 
cerned about moking a profit: Chan achieving 

—_— fine os oom 
ventor  Ffe de vanes 
methods of makiny 
wofabre for which 
Jur hregres ter Iaseve 
nile the omperhet 
supplied, bo diner. 
the amnecdanism for 
something eles Phe 
fae ded cof roa anafas ture 
is xtrewn with cas 
carded contrivances 
mony of them valu 
able af we could 
recover them = The 
= art of weaving has 

i progressed, but much 
; renains to be done 
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Toothed Gears. Pitch Circles. 


By JOSEPH 


Toothed Geara. We have seen that a belt 
or a rope does not transmit power accurately, 
but that a certain Joss of speed occurs, due to 

“slip.” Toothed gears are not open to this 
objection, and are accordingly em- 
ployed where motion has to be trans- 
mitted accurately. Another advantage 
accrues from their use, and that is that 
they are much more economical of 
apace than belts or ropes. The __ 
simplest form of toothed gear is 
shown in 86, and is termed spur gear 
or apur and pinion. The larger of the 
two wheels is the spur wheel and the 
smaller one is the pinion. The 
term pinton is apphed some- 
what loosely in practice, but 
ia generally understood to 
mean the smaller of any 


two wheels in contact, 
or any wheel having 
less than 20 tecth. 

The dotted circles 
marked A are the 
pitch lines or piteh 
circles» these are the 


theoretical limes of 
contact and = from 
them measurements 
are taken. The pitch 
of the teeth, B, ts the 
distance from the centre 
of ono tooth to the centre 
of the next one When 
measuring a wheel it is con- 
venient to take the pitch trom 
the edges of the teeth, as B', 
That portion of the tooth, C, 
which extends above tho pitch 
hne is termed the face or addendum ; while that 
portion, D, which lies below the pitch line is 
called the flank or dedenlum. The extreme 
outer end, E, of the tooth is the point, and the 
lower end, F, is the root. 
Proportions of Teeth. 
The average English proportions 
of gear teeth are indicated in 
87, and are as follows: 


Height of tooth above pita 
pitch line (G) . = ‘33 

Depth of tooth below 
pitch line (H).. = ‘40 

Clearance at root () = ‘07 


Working depth of tooth 
(J) — 66 


Total depth of tooth (K) us = 2 pitch 
Thickness of tooth at pitch line (L) = ‘47 ,, 
Space between teeth at pitch line (M) = 53 - 
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87. PROPORTIONS OF TEETH 


SPUR WHEEL TEETH 


Proportions of Teeth. Scale for Teeth. Forms 


of Teeth—Cycloidal and Involute. How to Make and Use an Odontograph 





W. HORNER 


It is very essential that a manufacturing 
house should have all its gear patterns made 
to some uniform system of proportion, so that 
any two wheels the same pitch shall work 
together Eee A useful scale which 
approximates the above proportions 
2 F is used by some firms is shown 
in 91. The method of construction 
is very simple. Draw a triangle 

___ having a base line 12 in. long and 

a vertical line 4 in. long, divide the 

vertical line into 15 equal parts, 

and draw lines from parts num- 
bered 1, 5, 6, 7, 8, 10, and 11 to 

the point of the angle. Erect 
perpendiculars on the base 
line in such positions that 
their respective lengths 
correspond with definite 

pitcher, as } in., 4 in., 
2 in., ete.; then on 
any vertical line the 
tooth dimensions for 
the —_—- corresponding 
pitch may be taken 
off with compasses, 
the proportions 
being : 

Height of tooth pita 

above pitch line |’, 
Depth of tooth be- 


low pitch line... ,'; 

Clearance at root =... jt 

Se oe * Working depth of tooth. . 9 
Total depth of tooth } 


Thickness of tooth at pitch 


line ; 

SPUK WHEEL AND os Vn 
PINION Space betwoen the tecth at 

pitch line... _ 


This scale is perhaps more useful in the 
pattern shop than in the office, as all the teeth 
are there marked out full size, and the dimen- 
sions can be taken off the scale direct and trans- 
ferred to the pattern or tooth- 
block. 

Forms of Teeth. The 
forms of the teeth of gear- 
wheels have occupied the atten- 
tion of engineers to a very 
considerable extent ; an ideal 
gear would have a constant 
motion identical with that of 
two smooth-faced pulleys whose 
diameter would represent the 
pitch circles in contact. If the 
tooth form does not permit this constant velocity 
at the pitch line, then a more or Jess noisy and 
inefficient gear results. A badly-formed tooth 


is contributory to 







what is called 

en a . backlash. A 
variation in 

| velocity causes 

relative move- 

88. DOUBLE 89. SINGLE ment between 
CURVE TOOTH CURVE TooTH the teeth in gear, 
and they leave 


their driving faces and come into collision with 
the teeth in front of them, the amount of the 
backlash being equal to the 
clearance between the teeth. 
. Tere are two forms of 
teeth generally adopted — 
namely, double curve or 
cycloidal, and single curve or 





DRAWING 


not a straight line or chord. Through the points 
M, N, O, P, Q, and R lies the bets Getl Mf the 
eptcycloid curve. The hypocycloid is obtained in 
a similar manner, with the inner generating circle 
rolling in the reverse direction. Only a portion 
of the curve is required for a tooth, as shown in 
hatched lines. The chameter of the generating 
circle has a great influence on the thickness 
of the tooth at the root and at the point; if 
it were made of equal diameter to tho radius of 
the pitch circle the flanks of the teeth would 
he radial straight 
lines. Now, the same 
generating circle 


? 


ainvolute. The 
double curve tooth 0-77 
is shown in 88 and ~~ 
the single curve 
tooth in 88. 
A method of strik- 
ing out the double 
curve tooth pe | 
isindicated ~ £ Wa 
in 90. AB oa rN f 
NEON TAES a | 
‘a be Me 
\ 
A | ( as < IN / 
\ Ax SNS OMEVA A 
NM Pin “See WEN \4-<4- ae 
\ 4 Se oo a | | | | / / / / 7 which as used tor a wheel 
‘ fi SN \ | \ \ | / fA must also be used for any 
Vi ~ —>» \\ \ \ | \ | oe / / / wheel or pinion which has 
ae ‘ YN ae \ | ly / A / fo gear with it, therefore 
Ee a a a \ | If ea the ee Aaa 
\ \\ / circle is limited to the radius 
is the pitch circle, whose = ‘ ae - | ae, eee of the smallest: pinion of any set 
centre is at (| Upon it \ a \ ‘ TZ / / of wheels gearmg together, other. 
rolls two circles, D and &, \ \ I Tf wise the teeth would be less in thiek- 
termed generating — cireles. ‘ \\)/ ness at the root than at the pitch line, 
The outer one, 1), descnhes \ | and the strength of pimion would be 


the outer or ¢picycloid curve ; 
the inner one, E, describes 
the inner or hy pocycloid curve. 





reduced The recognised limit for the 
lowest number of teeth an a pinion is 
2, but 12, 70, and even 9 teeth are 


The diameter of each circle not uncommon oon cranes and 
may be taken at twice the winches Taking, however, [2 teeth 
pitch. Taking the outer 90. CYCLOIDAL CURVE as the munimum imi average prac. 
circle first, mark it out in tice, the diameter of 
a number of equidistant positions ax shown, and = the generating circle works out 1s 
draw the centre lines through to(; then take the to practically twice . 
ares F G, F H, FI, FJ, F K, and FL, and the pitch. 20 
step round similar arcs on the generating circle | - 
in its various positions so that G M i» «qual to yer _— ip 
G F, HN is equal to H F, I O is equal to IT F, rae | | ate 
J P is equal to J F, K Q ws equal to _ Bere s 
K F, and L K is equal to L F, sent eee y 
remembering always : ae et ae rad 6 
that the curved line or — aa a: ae. rd 
arc must be oe = A See ae pi ae 
measured, and EF = erat 
eae 
0 / 
en —— Et ft betenee! 
4+ ¢£ 2 | Hh te RW 2 #4 2 28 $8 Sf Sk 3% + 


91. SCALE FOR PROPORTIONS OF TEETH 













“TABLE SHEWING THE PLACE OF THE : 
CENTRES UPON THE SGALE 
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92. THE ODONTOUWRAPH 





The Odontograph. The odontograph is an 
instrument invented to avoid the labour of mark- 
ing out the cycloidal curves for each and ovey 
size of wheel and pinion that may be required. 
Suitable radii are given upon the instrument for 
the faces and flanks of teeth for all ordinary num- 
bers. One of its edges is.cut to an angle of 75°, 
which can be laid in certain definite positions 
relatively to the pitch and pitch line, and so 
used in order to obtain the centres of the radii. 
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The odontograph is shown in 92. It can be 
made by the student of stiff drawing paper or 
Br.stol The width may he 10} in. and 
the length Bh! in. measured over the point. 
The angle of the sloping edge is 75°, and this 
angle is carried through as a line to the — 
of the scale. Marking this line at zero, the scale 
is laid down parallel to it right and left in 4 in. 
divisions, each division being subdivided into 
10 parts. The scale on the point comprises 


™— 


98 METHOD OF STRIKING 
ODONTOURAPH FAC ES 


40 divisions, whilst the scale on the otha 
side has 200 divimons; the former gives 
radu for faces of teeth and the latter gives 
radu for the flanks = It 19 very convenient 
to have the tables of centies on the instru- 
ment as shown [92] 

How to Use the Odontograph. 
First of all draw the pitch circle of the wheel 





required, also lines representing the tops and 
roots of the teeth, then lay down the pitch 
and bisect it on the pitch hne, obtamimnyg pomts 
A and B [98 and 94], the centre of the bisection, 


7 
aa 
ee 


; yf 


pow 


of the tecth” ; one compass leg 18 placed agamnt 
that number on the scale of centres for the faces, 
the other leg stitkhes the face curve from O 
Suppose the wheel to 
have 40 teeth 2) oan 
pitch, then according to 
the table othe radius 
centre as at Hoon the 
scale Having once found 
this centre, a dotted 
arde Do may be drawn 
| through it and used) as 
a bese cock for stukong the faces of the other 
| teeth, hee ping the radius constant for cach face 
| To strike the flanks [94] a similar method 
ww adopted, but the odontograph os now laid 
} with the angled edge on B, the scale edge aga 
cuttmg the pitch line | Phe requied radius 
number is now read off the table of “ Contres 
for the flanks of the teeth, and the compass 
kg placed on the Comesponding number on 
the scale for the flanks. the other compass 
leg strikes the flank curve from O > Assuming. 
as before, the wheel to have 40 teeth 24 an 
pitch, the radius centre in at 85, and a dotted 
cucle BK omay be drawn through it as a base 
cucle for striking the flanks of the other teeth 
The odontograph does not provide for 
pions having fess than 120 teeth, and such 
pmions must therefore be set out) by means 
of generating Cicles, as previously desorbed, 
the diametors of the cides bang taken at 
half the diameter of the pinion 


Phe depth of wheel teeth aim quite in 
dependent of the tooth carvers, and at) may 
Ie noted here that ther a oat) present a 
Gstinet ftentiiney to use shorter teeth than 

Lorrem y formerly , this tendency 
| takes «fleet ih ee 

o ‘ . cut open (descabed im 
a a the omeat  dexwon). and 
would andoubtedly ob 

ere J “fam om ordinary cast 
~ went but for the con 


~ ; fusion 


tht wotsel arise 


| momany chgine om hope 

| ty through interference wath cxmiing pric 

| a tice Cycladal and involute curves 

| bof) wre theoretical lines, and do not vary, 

{ ) but tooth proportion are arbitrary, 

| and are detesmincd by tual and erros 
| : moactual practice For instance im 80 
| } at will dn neon that the length of the 
| tooth can be varied without atlecting its 

| true curve , naturally a short tooth wall 
Sa ae | carry a greater Joad than a dony one in 
Oe ae | An nverse proportion to ats length , the 
Saas tooth ataeH iw nortronger, but the length 

= —_ of the cantilever ms lowe Working ee 

ditions demand tecth of sufficient length 

Pe MET ROR OR PING ARUN aaer nee t= to ensure youd contact even when wheels 
O, becomes the edge of the tooth To strike the ure not wef accurutaly and the pitch 
faces, lay the odontograph on the drawing, with arcles do not conade — In dealing weer 
the angled edge on line A [93] in such 4 postion gears to transmit grent power, It i usue 
that the scale edge just cuts the pitch line = The to design the tooth specially, and then 
radius of the face 1s found by reading the radius ‘ the length of the tooth may be reduced 

number off the table of ‘Centres for the faces ' to 5 of the pitch, or even Jens, 
Continued 
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ITALIAN 


THE PRONOUN 
Personal Pronouns 


The personal pronouns are substantives of 
three persons. 

The first person indicates the person who is 
speaking: to cammino, IT walk 

The second person indicates the person to 
whom we speak : tu leqq., thou readest. 

The third person indicates the person of whom 
we Bpeak: eglt canta, he sings. 

First person singular zo (subj.), I; me (comple- 
ment), me (pronounced ee-o, meh). 

First person plural noi (subj. and compl.), we, 
us. 
Second person singular tu (subj.), thou ; 
te (compl.), thee (pronounced too, teh). 

Second person plaral vot (subj. and compl.), 

ou. 

y Third person singular, masculine, cglt, esso 
(subj.), he, it ; lust, eso (compl.), him, it. 

Third porson singular, feminine, ella, essa 
(subj.), she, it ; let, essa (compl.), her, it. 

Third person plural, masculine, esxt (subj.), 
they ; loro, east (compl.), them. 

Third perron plural, feminine, esse (subj.), 
they ; loro, ease (compl.), them. 

For both genders and numbers: sé (compl.), 
oneself, himself, heraelf, etc. 

1. The forms luz, lei, loro, are commonly used as 
subjects instead of egli, essa, etc. This is the 
case (1) when attention is  eghi on called to 
tho subject ; (2) after anche (also), pid (more), 
nemmeno ~ (not even), and similar words. 
Examples: Lo dice lut (ma non to), He says so 
(but not 1); -lnche let era la, She also was there, 

2. The forms me, te, lust, etc., must always be 
used instead of the subjective forma when they 
stand as the second term of a comparison. 
Examples: Eglt studia pit di te, He studies more 
than thou; /o sono meno ricco di lus, I am less 
rich than he. 

3. The pronoun of the third person sé is always 
referred to the subject of the sentence, as: 
Ptetro pensa per il sno amico Carlo, ma Carlo 
pensa solo per s¢, Peter thinks for his friend 
Charles, but Charles thinks only for himself. 
(Note that per lus in this sentence would mean 
for Peter.) 

4. Not and vos may be strengthened by the 
addition of altrs (for the masculine), altre (for the 
feminine), as: Nos altrs andiamo a casa, We are 
going home; and all the pronouns may be 
strengthened by placing after them séfesso, -a, -i, 
-¢, which correspond to the English self, selves. 
Example: L'ho visto to stesso, I have seen it 
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By Francesco de Feo 


myself ; Essa stessa venne da me, She herself came 
to me ; Egli pensa solo a sé stesso, He only thinks 
of himself. 

5. Prepositions (di, a, da, in, con, su, per, ete.) 
are followed by the objective forms, as: Jo non 
ho paura di lut, I have no fear of him; Ho una 
letiera acritta da lei, I have a letter written by 
her; Ventte con me, Come with me; Pietro é 
andato con lui, Peter has gone with him. 

6. Instead of con me (with me), con te (with 
thee), the contracted Latin forms meco, teco, may 
be used. Note that seco means con lut (with 
him), con let (with her). 


Exercise XXIII. 


cascare (cah-scah-reh), to fall 
ca pire (cah-peé-reh) to understand 
accompagnare (ahccompah-neeahreh), to accom- 
pany 
tenére (tehnéh-reh), to keep (to have) 
pacco (paheco), parcel 
proposta (propostah), proposal 
bisogno (beesd-neeo), need 
invece (eenvéh-cheh), instead 
Note the following expressions, in which the 
verb “to be” in Italian must agree with its 
subject: It is I, sono to; it is thou, set tu; 
it ishe, ¢lut ; it is they, sono esai ; it is not they, 
non sono ess? ; it Was not we, non eravamo noi, etc. 
1. Noi abbiamo lavorato pit di voi. 2. La 
léttera ¢ stata scritta da me ¢ non da lui. 3. Se 
vol accompagnate me, 10 accompagnerd voi. 
4. Esse pénsano sempre tutto il contrario di 
quello che dicono 5. Loro crédono di far bene, 
e invece fanno molto male. 6. Noi non abbiamo 
mai niente; ess: téngono tutto per loro. 7. Lei 
é gentilissima, ma lui no. 8. Quando siamo 
stati in bisogno, esse hanno sempre fatto molto 


per noi. 9 Tu pensi sempre a te, e non pensi 
mai agli altri. 10. Un signore ha domandato 
di voi. 


Exercise XXTY. 


1. Where are you going? If you will wait 
a little longer I will come with you. 2. You have 
come in time; we were just speaking of you. 
3. We thought it was he, not she. 4. One 
should learn to do everything by oneself. 5, 
We have written to him as well as to her several 
times, but they never answered our letters. 
6. Who has broken that vase? 7. Not I, 
it has fallen by itself. 8. To whom have you 
consigned the parcel—to him or to her? 9. 
To neither of the two, because they were not at 
home. 10. I cannot understand (non posso 
or non 80 capire) why he has made such a pro- 


posal to me. 


Idioms 


The four irregular verbs of the first. con- 
jugation (stare, andare, dare, fare) are used in 
many idiomatic expressions. 

The most common of these expressions are : 
star bene, star male, to be well, to be ill 
star méglto, star péggio, to be better. to be worse 
come state ? how are you? how do you duo? 
state a senttre, listen ; 
stare a disagio, to be uneasy 
stare tn forse, to be in doubt 
atare wn penssero, to be anxious 
stare allegro, to be gay 
star quieto, to keep quiet 
andar via, to go away 
andure a monte, to prove vain 
andar tentoni, to grope about 
andar daccordo, to agree 
va bene, good, all right 
dare a inténdere, to make one believe 
dare tn préstito, to lend 
dar disturbo, to trouble 
non fa niente, no matter 
far tard?, to be late 
che tempo fa ? what kind of weather ig it ? 
jar mostra, to make a show 
jar calaztone, to breakfast 
far conto, to reckon 
fatemt sapere, let me know 
far attenzione, to pay attention 
fare a meno, to do without 
far fronte, to face 
far orécchio del mercante, to pretend not to 

hoar 


CONVERSAZIONE 

Che tempo fa ?% 

‘attivo tempo. 

Sara méglio aspettare ancora un poco. 

Aspettate voi; io vado a cereare una cariozza 
© ritorno stibito. 

Va bene; ma fate presto, se no faremo 
troppo tardi. 

Avete fatto colazione ? 






Continued from 
pupe oN 
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VERBS—continucd 


Peculiarities of the First Conjuga- 
tion. 1. Verbs ending in CER, such as aranerr, 
to advance; pronuncer, to pronounce, tohe 
a cedilla under the c before a and o, as an 
indication that the soft sound of the ¢ 1s to be 
retained : nous prononcdmces, nous avancons. 

2. Verbs ending in GER, such as manga, to 
eat; partager, to share, retain ¢ after q before 
a and o, so that the g may have the same soft 
sound as in the infinitive: nous mangeona, 
partageant. 

The tenses and persons affected by these 
two rules are shown in the following table : 

INDICATIVE 
Present 
nus AVARCONES 
NOUR MANUCONE 


LANGQUAGES—ITALIAN 


Si; ho incontrato un mio amico, e ho fatto 
colazione con lui. 

Come sta vostro padre ? 

Sta molto meglio, grazio. 
bambini ? 
La bambina ¢ sempre un po'pallidaccia : 
sto molto in pensiero per lei. 
Che cosa farete domani ? 
da vostra cugina ? 

Sis andrd da lei. Poverina, non ata bene 

Quando fate conto di restare un po’ eon not? 

ee di exer libero per la prossima settimann, 
e allora profitterd della vostra gentilezzn. 

Con chi avete parlato, con hii o con lei 

Ho parlato con lei, ma quest sera o domani 
al pid tardi andrd a parlare anche con hi. 

Fate attenzione alle loro parole. 


E come atanno 1 


Andrete di nnove 


Key to Exrtrcise XN]. 


Andremo ? Andiamo. Non andiamo. Non 
andremo, = Andirono.  Andammeo. — lo diedi. 
Non dard. Lo (tt) farete ? Lo fo or tdevio or ato 
facendo. Lo fanno 2? Non daranno ¥ Sta? 
Non stara.  Andaste 1 Sono andato, Se dessi. 
Non darebbe ¥ Kasi non lo farébbero, = Non 
andrd ¢) Non andaste. Sarébbero andati, Se jo 


non fossi andato 

Notk. The compound tenses of the verb 
andare are formed with the auxiliary ¢asere 
The past participle atter éascre must always agree 
with the subject of the sentence. 


Key Tro Extcroise NNO, 


). Not andiamo a teatro stasera, Voi 
dove andate ? = 3. Che cosa faremo domani ? 


4. lo vado a andro ino campagne, 6. Not 
andremo a vedere la chiesu nuova. 6. Che 
cos fate’ 7. Sto copiando un interessn 


tiskimo passaggio da questo Jibro, Date 
qualche cosa da manginre a questo ragazz0 |; 
ha fame. 9 Ko necessirio che io vada in 
eitta, 10. Faeciamo presto, @& molto tard 


Hl. To vado un pochino fuori ¢ ritornerd a orn 
di pranzo, 
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fan perfect 
parancais, tu avancaia, ul avancad, ua avan 
cain, 
je muangeais, Ct mangeaix, il mangeart, uy 
mangearent, 


Past Pefinate 
jarancas, tu avancaa, Ul aranca nous avanca mea, 
rouse avancdlers 
je mangeai, tuo mangeas, al 
manyedmes, rous manyedler 
IMPERATIVE 
ANUNCOUTN 
TANgeann 
SuUBIUNCTIVE 
Im perfect 
que jarangasar, que tu avancaaaes, qu il avancit, 
que nous avancasasiona, que vous arangassuz, 
quils avancassent. 


MANGIA, NOUR 


$04:3 
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gue je mangeasse, que tu mangeasses, qu'il 
mangedt, que nous mangeassions, que vous 
mangeassiez, gu'tls mangeassent. 
PaRTICIPLE PRESENT 
avancant 
mangeant 
3. Verbs ending in ELER and ETER double the 
1 and the ¢ before a mute e. so that two mute 
syllables may not follow each other: appeler, to 
call ; j'appelle, J call ; jeter, to throw ; tla jettent, 
they throw. The tenses and persons affected by 
this rule are shown in the following table : 


INDICATIVE 
Present 
jappelle, tu appelles, tl appelle, ile appellent ; 
je jette, tu jettes, al jette, ils jettent 
Future 
jappellerat, tu appelleras, tl appellera, nous 
appellerons, vous appellerez, ils appelleront. 
je jetterat, tu jetteras, il jettera, nous jetterons, 
vous jettercz, tls jetteront 


CONDITIONAL 
Present 

q. appellerats, tu appellerais, 11 appelleratt, nous 
appelleriona, vous a ppelleriez, ils appelleraient 

qe jetterara, tu jetteraia, al jyetterait, nous jelte- 
rions, vous jetteriez, tls jetteraient. 

IMPERATIVE 

appelle, quil appelle, quils appellent ; 

gette, qu’sl jette, quils jettent. 
SUBIUNCTIVE 
Present 

que PVappelle, que tu appelles, quil appelle, 
guile appellent ; 

que je jette, que tu jettes, qual jefte, quils jettent. 

It is to be noted that. although the infinitive 
has but one / or ¢, the future and the present 
conditional, which are formed from it, double 
the consonant throughout. The reason for 
this is that whilst in the infinitive the r goes 
with the e to form a sounded syllable : ap-pe-ler, 
ge-ter, after the addition of as or ats, ctc., it 1s 
joined to these ondings, and leaves the preceding 
e mute: jap-pe-le-rai, je je-te-rais. But this 
new division of the syllables gives two con- 
secutive mute syllables. It is to avoid this 
that the consonant is doubled: /ap-pel-le-rai, 
qe jet-te-rais, ete. 

4. A fow verbs in ELER and ETER, instead of 
doubling the 7 and the ¢ before muce e, take a 
grave accent on the e that precedes those 
consonants: acheter, to buy; jachéte, I buy ; 
geler, to freeze ; sf géle, it is froezing. Such are 
the following : 

bourreler, to torment 

celer, to conceal 


acheter, to buy 
becqueter, to peck 
ciseler, to carve breveter, to patent 
geler, to freeze crocheter,to pick (a lock) 
démanéeler, to dismantle décolleter, to uncover 


the neck 
denteler, to indent déchiqueter, to cut up 
écarteler, to quarter  épousseter, to dust 
harceler, to harass étsqueter, to label 
peler, to peel haleter, to pant 
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5. Verbs that have a mute e in the last syllable 
but one of the infinitive, take a grave accent 
on that e when it is followed by another mute 
syllable, as mener, to lead; je méne, I lead ; 
soulever, to raise ; je sowléverat, I shall raise. 

The tenses and persons affected by this rule 
are the same as those that double the / and the 
t in verbs in eler and eter. 

6. Verbs that have é in the last syllable 
but one of the infinitive, like espérer, to hope, 
céder, to yield, change the acute accent into u 
grave accent before a mute syllable. 

This rule does not, however, affect the future 
or tho conditional: 

céder, je céde, tle cédent, qu'tl céde, but je 
clderat, je céderais. 

7. Verbs ending in yer change y into ¢ before 
a mute syllable: ployer, to bend, je pluie, I bend ; 
essuyer, to wipe, P easuterai. 

The tenses and persons affected by this rule 
are the same as those that double the 7 and the 
tin verbs in eler and eter. 

If the ending yer is preceded by a, as in payer, 
to pay, the y may be, and usually is, retained 
before a mute syllable: payer, je paye, je 
paycrar. 

8 It isto be noted that in the ordinary course 
of regular conjugation verbs in ier, like prier, 
to pray, take 2 in the first and second persons 
of the imperfect indicative and of the present 
subjunctive: nous pritons, vous pritez, que 
nous pritons, gue vous prives. 

9. It is also to be noted that verbs in fer, 
regularly take ée where other verbs have only one 
¢, as agréer, to accept, 7 agrée, I accept, tl agréera, 
he will accept. In the masculine past participle 
they havo éé, and in the feminine éée. Example: 
cre, créée: Lame a été créée immortelle, The 
soul has been created immortal. 


Exercise XXYV. 


1. The more he advanced in age, the more 
he advanced in wisdom (la sagesae). 

2 The manner (la mantere) in which (dont) 
the Romans pronounced Latin was very different 
from that in which we pronounce it nowadays 
(to-day). . 

3. He divided his fortune between (entre) 
his three children. 

4. According to (selon) a French proverb 
(Je proverbe), appetite comes from (en) eating. 

®. He invokes (calls) upon his benefactor 
(bienfaiteur) the blessings (bénédictions) of heaven 

6. It is said of a man who squanders (dissi per) 
his fortune, that he throws his money out of 
(par) the window. 

7. That letter brings us (annoncer) good news. 

8. The lesson begins at page seventy. 

9. Send that timepiece to the watchmaker’s 
(horloger) in order that he may put it right 
(arranger). 

10. I would willingly (volontiers) wager 
(gager) a hundred francs that it is not he who 
will carry off the prize. 

11. In 1660, Charles IT. was recalled (rappeler) 
to the throne (le tréne). 

12. That fish is too small; throw it back 
(rejeter) into the water. 


13. When the fishermen are out at sea (en 
pleine mer) they will cast their net (Je filet). 

14. Those who employ (employer) their time 
badly are the first to complain (xe plaindre) of 
its shortness (briéveté). 

15. Light takes (employs) from seven to eight 
minutes to come to us from the sun. 

16. We often pardon (pardonner a) those 
who bore (ennuyer) us; but we rarely pardon 
those whom we hore. 

17. We have bought the victory at the price 
of our best soldiers. 

18. What is bought retail (en dctail) is 
dearer (cher) than what is bought wholesale 
(en gros). 
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19. It has frozen all night: if it still freenes 
to-morrow we shell perhaps be able (pourrone) 
to skate (patiner) Suturda v. 

20. God drew (trer) heaven and earth from 
nothingness (le meant); He created them by His 
word (la parole). ; 

21. Accept (agrécr), sir, my respectful salu- 
tations (a) formula (la formule) which as often 
used in ending a letter. 

22. We are sometimes obliged to vield (eeder) 
to circumstances: (cfreonsta ner) 

23. Ht is not he who possesses his fortune. it 
is his fortune that possesses him 

24. Every rond leads to) Rome, savas the 
p-overb, 
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GERMAN 
LXXI. Verba with Two Objects. With 


transitiveand reflective verbs[ see XLI., page 2489] 
the object (answering the question wen? whem { 


or jeas? what /) stands in the accusative (nearer 
object). If a second object, that) of the person 
(answering to the question wen? whom? or was!) 
is in the sentence, it stands in the dative (nore 
distant object). In sentences with two objects 
the dative object precedes the accusative, unless 
the latter is a personal pronoun: (fr gab de nt 
Bettler (dative object) ein Woven (accusative ob- 
ject), he gave the beggar [an] alms; but . er 
qab es (accusative object, personal pronourf) 
bem Bettler (dative object), or: ev gab es ibn. 

It should be remembered that the reflective 
pronoun tid) is the same in the datave and accu- 
sative. In sentences with two objects the 
distinction between the cases sounded alike can 
therefore only be made by putting the question 
Yen? to whom ? - corresponding with the dative 
of the person: Der Madfatrer bat fed verlegs, the 
cyclist has hurt himself (whom / accusative ob 
ject); and: Ter Madrahrer hat jidy (dative object) 
dae Vein (accusative object) yerlest, the cyelist 
has hurt his Jeg (literally: The cyclist, has hurt 
himself the leg). In the latter sentence the 
dative fid) answers to the question (literally 
translated) ; To whom has the cyclist hurt the 
leg ¢ 

The verb werfen, to throw, is used irregularly 
with dative and accusative objects: Grwast thn 
(accusative) it den Gant, He threw him into the 
sand; and: Gr warf thm (dative) Zant (accusative) 
ins Gefidvt, literally: He threw him sand in the 
face (He threw sand in his face); and: Gr wart 
ihr: (accusative) mut Gant ine Getidt, He pelted 
him (accusative) with sand in the face In 
similar nanner are used ; (Finem (dative) or (Suter 
(accusative) auf bie Ringer fleyten, to knock (tap) 
KOMeone on the fingers, in accordance with the 
question went (dative) / or wert (accusative) / whom’ 
(Sinem (dative) or (inten (accusative) in Cle Wungen 
fretpent (or Eneiffen), to pinch someone's checks [in 
the cheeks]; and the verbs fdineiden, to cut; 
ftechen, to sting ; beifen, to bite (fo itch); treten, 
to step (to tread on). 

LXXII. Intransitive Verbs Govern: 
ing the Dative. Manv intransitive and com- 
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pound verbs require the complement of a noun 
standing mthe dative. or govern the dative, auch 
as Ad) antivorte Jone (dative), Lanswer yous Or 
abnelt feinent Water (dative), He resembles his 
father; Wana te: Ret qeborden, Oncanust obey 
necossity ; Gr felgre ter Aahrte, He followed the 
track; ofe. Where these nouns are of the 
personal kind (personal substuntives: or personal 
pronouns), this dative os a *fdative of the 
person,” ino all other cases ao Stdative of the 
thing.” Similarly the dative is required by 
several reflective verbs (reflecting an action on 
the acting person): co filtt fds (reflective pronoun 
dative), he helps himself. ‘The following hat of 
verbs requirnng a complement in’ the dative 
should be carefully committed fo memory 3 
Many compounds with the prepositions 
abe, ait, atte, aid, Bet-, ettt-, ettt-, er, mh, tad, 
yer-, dite; for instance: ab’ heltet, to remedy ; 
al vaten, to dissuade from; anqeberat, to belong 
tos an'fteben, te beseem, tosmt ; auppallen, fo be 
striking, to ottract attention. ame pane, to waat 
for, fo wateh, fo spy. ue bela, fo render 
femporry assistance; ane werden, to evade ; 
ber itehen, to help, reheve; ber ytunmme, fo agree 
with, {0 assent fo; entatter, fo fall any te 
cone into the aimind ; en‘ttebat, fo anawer for ; 
cntpliehen, to escape, (0 TUn WWAy ; CHO at, te 
escape, lo spring, toare 5 eden nen, fo appear, 
to be evident; etfteqent, to suectmb, to yreld ; 
mibtalien, to displease 5 mitpalidar, to fail ; 
hadVrenden, fo search, tom<gutre after ; vadviteltar, 
to place behind, to pfirsue ; ger’ bouget, fo bene 
forward, fo prevent ; wer ‘fonrttent, fo ove rake, te 
occur: guwjallent, to shut (of itself) ; aurebent, te 
look at, to connive at; and many other verkin, 
sncdias aie, Goo ceserble 5 ant imertan, FO anawen | 
bieikent, to rename, Carnflan, ter thank: tienen, to 
nerve: treben, to threaten , qlacen (Sinem), to 
nneceed : dara (ine, to hunt, to damage, fo 
spol; gurntcn, to he angry , Luodben, to listen, ete, 
LXXIII. Impersonal Verbs. ‘Shere sre 
two hinds of impersonal verbs, the real and the 
seeming - the former connected with the neuter 
personal pronoun ¢&, it, a6 therm rea) and hole 
subject, whilst with the latter es precedes only 
the real subject, For inatance in Ge rdeinbel 
nr, Pais cizzy [in the sense it (an unknown 
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@ 
er) is dizzy within me}, the verb fdwindein 

a cal impersonal a tbat in the sentence 
Ge fdwindelt mic ber Ropf, My head is eal 
the pronoun ¢ edes the subject _,,rer Ropf'’, 
and the verb is only seemingly impersonal. 
Many real and seemingly impersonal verbs govern 
the dative of the n. With some ,,eé” can 
be omitted: Wie fi (e¢) Shnen? How are you? 
how is it with you?], but Wie geht e¢ Shnen? 

ow are you? [how is it going with you 7}, where 
the eé cannot be dropped. 

1. In their impersonal form the verbs fdwin: 
beln, to be dizzy, giddy; abnen, to forebode ; 
fdeinen, to shine, to appear, to seem, govern the 
dative of the person. Tiinfen, to seem, to 
appear, governs the dative or the accusative : 
Os bint (paudt) mic or mid), Methinks, it 
seems tome. The transitives freuen, to rejoice ; 
ergogen, to delight in; betritben, befiummern, to 
trouble, to grieve ; verlegen, to hurt, to wound ; 
fdymerzen, to ache, to suffer pain, etc. govern the 
accusative with eé, if there is no other subject: 
(e frent mid), Tam glad [it gladdens me); G6 fdmerst 
mid, It hurts me, it grieves me, etc. 

Some of these verbs have no passive form ; 
it is impossible to use freuen, to rejoice, in the 
ape voice and to say: Jd bin gefreut, ete. 

he passive voice is in these cases formed by 
the help of compounds with the inseparable 
prefixes er-, be-, etc.: Sd bin erfrent, td war 
erfreut, etc. ; 1d) bin be fimmert, I am grieved, etc. 
The following verbs are used with the dative of 
the person: Feplen, to miss ; mangeln, to want, to 
lack; geniigen, to suffice; gefallen, to please; 
behagen, to suit, to please; traumen, to dream, to 
imagine; mifraten, to fail, to miscarry; fehl: 
fdlagen, to fail; flarwerden, to become clear about 
something, to dawn upon one; ein'lendten, to be 
evident, obvious ; fret’ftehen, to be at the disposal, 
to be at liberty to; gesiemen, to become, to 
beseem ; ver’fommen, to happen, to occur. 

2. With transitive impersonal verbs the geni- 
tive is sometimes used in the place of the subject 
in the nominative: Mid) jammert pdiefer Menfd, 
I feel pity for this man (literally: this man 
grieves me), or: Did jammert diefes Menfden 
(genitive); We lohnt ber Mahe (genitive), it is 
worth while [of the while]. 


LXKXIV. Verbe Governing the Geni- 
tive Case. The genitive is also used in 
certain cases with the auxiliary verbs fein and 
werden: @r ift bes Todes (genitive), He is as good 
as dead (he is of death]; Ge ift midt meines Amtes, 
It is not my business (my duty, my office). These 
and similar ee are the result of omission: 
Gr tft (ein Kind) des Todes ; c¢ ift nicht (die Sache) 
meines Amtes. Similarly genitives, that are not 
really dependent, but more of a predicative 
character, are employed in: Jemand tft fdledter 
Nrt, freundlichen Weiens, anderer and gletder Meinung, 
entge'gengelegter Anfdauung, fdhledter Lanne, etc. ; 
literally: Someone is of bad kind (has a bad 
disposition), of friendly temper, of another or 
of the same opinion, of opposite view, of bad 
humour, eto. Genuine dopendent genitives 
are used with the intransitive verbs bebirfen, 
branden, to want; benfen, to think; gedenfen, to 
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remember ; gewabeen, to be aware ; barren, to wait ; 
fpotten, to chaff, eto. 

LXXV. The Expectation in Ques- 
tions. It has been shown that the question, 
in German as in English, is formed by the simple 
displacement of su ject and predicative verb. 
But in German the question may oonvey the 
expectation of the enquiring petson as regards 
the affirmative or negative nature of the answer. 
Where the affirmation is expected or desired, 
the opposite ncgative nidt, not, is added: 
Kommt et nidt? Doesn’t he come? This affir- 
mative expectation can also be expressed by the 
addition of the conjunction dod, yet, however, 
and the adverb woh{, well, probably: er fommt 
bod? er fommt wohl? and er fommt bod) wohl? 
lf the affirmative is not desired, the adverb etwa, 
possibly, is added: fommt er etwa? Similarly 
Kommt er fdon? Does he come already? conveys 
the hope that the person referred to is not 
coming yet. 


LXXVI. Position of Worde in a 
Simple Sentence. For norma! positions see 
LXX., page 3503. If the predicate is a verb with 
a separable prefix, the latter stands at the end of 
the sentence in the simple tenses: an’hiren, to 
listen to; Der Schiller hort den Lehrer an, The pupil 
listens to the teacher; and in the perfect: Der 
Sdhuler Hat den Lehrer angehsrt, The pupil has 
listened to the teacher; auégelen, to go out; 
S&H ging nad dent Gffer aus, I went out after the 
meal (after dinner); and: 1d bin nad bem Gffen 
AUsgegaugen. 

1. Agreement of Subject and Predicate. 
The verb (predicate) agrees with the subject in 

rson and number: ber Sater (dlaft ara bal 

he father sleeps; and: die Minder fdlafen (plural), 
The children sleep, etc. With collective sub- 
stantives the verb stands in the singular, but if 
the collective noun is directly connected with a 
substantive in the plural, the verb is employed 
in the plural: Daé Gebirge erhob fid yor meinen 
Yugen, The mountain rose before my eyes; but: 
Gin Dugend Faffer wurden (plural) gebradt, A dozen 
barrels were brought; Gine Menge Golbaten er: 
fchienten (plural), A crowd of soldiers appeared. 

2. A sentence with several subjects and one 
predicate, or with several predicates, attributes, 
objects, or adverbial nouns, and one subject, 
can be contracted to give the speech more con- 
ciseness and better rhythm. The part of the 
sentence to which the other words refer is not 
repeated: Dad Sonnentlidht ftimmt die Seele Herter, 
der Regen (jtrmut die Seele) mifmutiq, [The] sun- 
light makes the soul serene, [the] rain dreary. 

(a) If a contracted sentence contains as sub- 
jects a personal pronoun in the first, and another 
in the second or third psrson, the predicate 
stands in the first person plural: Sd und bu (or 
bein Bruder) gonfen immer, I and you (or your 
brother) are always Suarrelling: Sq@ und er find bie 
beften Grennde, I and he are beet of friends. 

in : 


person, the verb stands in the 


yeaa Dn und et (or deine Freunde) feid filets wilf. 
omen, 


You and he (or friends) are alw. 
your ) ays 


(b) If the prune te refers to several subjects, 
it stands in plural: Geld und gute Morte a 
RMunder, Money and good words work miracles, 

(c) If several subjects are regarded as part of 
the same idea, the verb stands in the singular: 
Auf Klutige Sdhladten felgt (singular) Gefang und 
fanz, Song and dance follow (plural) bloody 
battles. 

3. If the common member of the sentence doea 
not agree in gender, number, case, or tense with 
the other parts to which it belongs, no con- 
traction can be effected. Thus: Sd) begeqnete und 
grifite ben Lehrer, I met and greeted the teacher, 
is wrong, because begegnen governs the dative, and 
qriifen the accusative. The correct form would 
be: Ad) begeanete dem Lehrer (dative) und grifte itn 
(accusative), I met the teacher and greeted him, 
which is also & contraction, as the subject 1d 
is mutual to both predicates, with which it agrecs 
in person and number. 

4, In sentences with several objects (a) the 
personal object precedes the other, the dative 
stands before the accusative, and the accu- 
sative before the genitive: Gr fagte mir (3) dte 
WMabhrheit (4), He told me the truth; Die Gnade dea 
Ronigd vettete thm (3) dad Leben (4), The king’s 
mercy saved his life [saved him the life}; Man 
barf ett Tier (4) nicht mutwillig des Leben (2) berauber, 
One must not take wantonly an animal’s life; 
Der Michter befdhulbdigte den Gefargencr (4) des Ver 
ew (2), The judge accused the prisoner of the 


e. 

(b) The prepositional object is placed after 
the simple object in the accusative: Der Sohn 
frug feinen Bater (4) um et sic governing the 
accusative) @rlaubnif, The son asked his father 
for permission. 

5. The adverb precedes the word which it 
qualifies: Xd) bea cht hente (adverb of time) 
abgureifen, I intended to depart to-day. Where 
there is an object of the person and another 
object, the adverbs are generally placed bet ween 
them: Gie werden mir (personal object) morgen 
(adverb of time) alles (object) exgahien, You will 
tell me all to-morrow. ere there are several 
adverbs it should be remembered that the 
adverb of time usually precedes those of place, 
manner and cause: Gr mufite aeftern (time) ploglid 
(manner) abreifen, He had to depart yesterday 
suddenly; 3d) war heute (time) dabeim (place) 
unauégefept (manner) titig, I was to-day at home 
continually : 

6. The negation nidt is placed after the verb 
(but before the past participle or infinitive in 
compound tenses), if it refers to the whole 
sentence. In all other cases it precedes that 

of the sentence which has to be denied: 
Det Kaufmann hat nidt einen Brief gefdyrieden, jondern 
eine Rednung, The merchant not written a 
ter, but an invoice; Nidt der Kaufmann hat den 
Brief gefdirieben, fondern ber Gefdrifteleiter, It is 
not the merchant who has written the letter, but 
the ; Der Kaufmann hat den Brief nidt 
gtidrieben (negation of the whole fact), fondern 
vittiert, The merchant has not written tut 
dictated the letter. 

7. The reflective pronoun precedes all other 

objects and adverbs and immediately follows the 


LARGUAGES—GERMAN 


finite verb: Gr drgerte fld) heute wieder iter fein 
Mifinechit, He was vexed Ha to-day about ‘i 
misfortune. 

8. Displacements of nouns (invorsiona) are far 
more frequent in German than in other languages, 
for reasons of ed yl as well as for reasons of 
expressiveness and strength. In poetry, in par- 
tioular, the word on which stress is to be laid 
is often placed at the beginning or tho end of the 
sentence: Grn ft if das Leben, Helter i dre Runt, 
Life is serious, art is gay; Sein iit alle Sduld! 
(his is all guilt}, He alone is to blame! 


EXAMINATION PAPER XIX 

1. What is the relative position in tho sontenoe, 
of the object of the person (dative), and 
the object in the accunative ? 

2. Which compound verba and which simple 
verbs govern the dative ? 

3. How many kinds of impersonal verbs are 
there ? 

4. What rules determine the use of es with 
seemingly impersonal verbs ? 

5. How is the passive voice formed with 
eae impersonal verba aa freuen, fiimemern, 
ete, 

6. Which verbs are used with the dative of the 
person, and with which verba can the sub- 
ject in the nominative be replaced by a 
genitive ? 

7. With which auxiliary verbs ix the genitive 
employed, and how can this genitive often 
be accounted for? 

8. How can the question indicate the expeota- 
tion of an affirmative or of a negative 
answer ? 

9. What is the normal position of the predicate 
in the simple sentence, and the relative 
position of the finite verb and the other 
part of the predicate in a compound tense ? 

10. If the subject of the sentence in a collective 
substantive, when is the predicate used in 
the singular, and when in the plural? 

11. In which person is the finite verb employed 
in a contracted sentence containing personal 
pronouns in the first and second (or third) 
person as subjects? In the aecond and third 

raon? When ia it used in the singular? 
When is a contraction inadmissible ? 

12. What position is taken by the personal 
object in sentences with several objects, and 
what is the order of the objects, as deter- 
mined hy their cases (dative, accusative, 
genitive)? What is the position of the 

repositional object, if the sentence alao 
includes a simple accusative object 7 

13. What is the relative postion of the adverb 
and the word qualified by it, and which 
adverbs precede, if the sentence contains 
more than one? 

14. What considerations determine the position 
of the negative nidit in the sentence ? 

15. What is the position of the reflective 
pronoun? 

16. What are the reasons for, and what is the 
effect of, the displacement of nouns? 
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CONVERSATIONAL EXERCIGES 


Tl. At the Hotel 
Will you kindly pay the cabman ? Wollen Sie gefalligh den Rutfder besahlen ? 
What is his fare - Mie viel feine Dare ? 


He drove me here from the station. 

The fare, luggage included, is two marks 
50 pfennigs. 

Can you tell me how much that is in English 


money ? 

One mark is equal to one shilling, so the fare 
would be half a crown in English money. 

I want a room. 

On which floor ? 

On the first or second floor. 


Tais room is much too small, and, besides, the 
windows open on the yard. 

Haven't you a bigger room with a view over 
the market place ? 

On the third floor there is a front room vacant. 

Is it quiet ? 

The rooms looking on the garden are quieter. 

How much is this room ? 

This room is five marks including attendance 
and electric light. 

Will you bring my luggage ? 

Please ao the trunk by the door. 

How abottt the meals? Is one compelled to take 
meals at the hotel ? 

Nat in our hotel, but in other houses the visitor 
who takes his meals outside has to pay 
more for his room. 

Where is the dining-room ? 

What can one have for breakfast ? 

Coffee, tea, chocolate, milk, bread, butter, 
OZR, ham. 

Bring me some coffec and milk, bread, butter, 
two boiled eggs and some ham. 

The eggs are boiled too much, and the ham is 
too fat. 

Can't I have some lean ham ? 

The table d’héte begins at one p.m. 

T prefer to take my meals a la carte. 

at soup is there to-day ? 

We have pea soup and tomato soup. 

ss me some roast veal, potatoes, and French 

eans, 

What sweet will you take ? 

Apple-tart. 

The bill, please! ‘ 

How much is it ? 

Bring me some warm water in the morning. 

Give my washing to the laundress. 

But I must have it back to-morrow evening. 

I shall depart the day after to-morrow in the 


morning. 
My luggage may be taken to the station. 
If there are any letters for me, please forward 
them to Munich. 


Gr { a ierher. 
Die ore eet ariestigs oy hte beth 2 Mart 50. 


Kinnen -Sie mir fagen, wie viel bad in englifesem 
Geloe ift? . 

Gine Mart ift gleid einem ritalin bie Tare ware 
demnad eine halbe Krone mn englifdem Gelde. 

Jd benotige ein Summer. 

Au weldhem Stodwerke ? 

Sm erften oder atreiten Stocdfwerfe: (also: in der 
erjten ober gwetten Stage). 

Diefed Simmer tft viel gu Hein, und tberdies gehen die 
Wenfter auf den Hof Hrnans. 

Haben Sie nicht ein groferes Simmer mit der Ausfidht 
auf den Marktplag ? 

Sm dritten Stoce éft ein Frontzinemer frei. 

ft e6 rnbig ? 

Dre Simmer nad bem Garten find rubiger. 

Maé foftet diefes Seamer ? 

Diefes Simmer foftet finf Marf mit Bedienung und 
eleftriicher Beleudturg, 

Wellen Ste gitiaft mein Gepak bringen. 

Den Koffer ftellen Sire freundlidhft zur Titre. 

Wie fleht ed mit ben Malzetten? DMlug man die Mal: 
zeitert imt Hotel nehmen ? 

Sn wuntferem Hotel nicht, aber in anderen Ganfern bat 
ber Maft, der die Malzetten auswirts nimmt, fiir 
bag Zimmer mehr au gablen. 

Mo rft ber Spetfefaal ? 

Was fant man gum Frihitid haben ? 

Kaffee, Thee, Chocolade, Mile, Brot, Butter, ier, 
Sdunfen. > 

Pringen Sre mit eine Portion Kaffee mit Mild, Brot, 
Butter, greet gefodte Gier und etwas Schinéen. 

Die ae find gu hart gefoct und der Sehtnfen ift 

tt 


u fet. 

Kann th nicht mageren Sdhinken haben ? 

Die Table d’Héte beguunt wm ein Ubr mittags. 

Neh gtehe ed ver, meine Malzeiten & la carte 3u nehmen. 

Mas fiir Suppe gubt 8 heute ? 

Wir haber Krbfenfuppe und Paradiesipfel: Suype. 

Bringen Ste mix einen Kalbshraten mit Kartoffeln und 
griinen Bohnen. 

Melche fife Sperje witnjden Sie qu nehmen ? 

Myfelfucher. 

Qe madhte gahlen. 

Mre viel macht e¢ aud 7 

Bringen Ste mir des Morgens etivad warmed Maffer. 

Geben Sie der Wafherin meine Wafdhe. 

Aber id mugs fle morgen Abend wiederbefommen. 

Sc&h reife ibermorgen frith ab. 


Mein Gepadk fann gue Bahn gebradt werden. 
Menn Bricfe fiir mid fommen, fo fchiden Sie fre mir 
nad Minden nad. 
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By JUSTIN McCARTHY 


HENRY VII., founder of the Tudor dynasty 
in England, married, soon after his accession, 
Elizabeth of York, the eldest daughter of 
Edward IV., as we have alroady seen. Henry 
had won his crown on the battlefield, but he 
was not a promoter of war, and had no incli- 
nation for the work of a soldier. He was a 
lover of peace, was much. interested in the pro- 
motion of commerce and of international good 
understanding, and @ patron of art and letters. 

A Diplomatic Sovereign. He was 
one of the earliest of English kings who gave 
much time and attention to the development of 
diplomatic relations between England and other 
Continental states. Some of the marriages 
brought about during his reign bore striking 
testimony to his faculty for making international 
contracts, bearing promise of friendly relations 
with other states, which more enterprising and 
less scrupulous monarchs might have endea- 
voured to achieve by the sword. 

Catherine of Aragon, daughter of Ferdinand 
and Isabella of Spain, was married to Henry's 
son, Arthur Prince of Wales, then only a boy, 
who died almost immediately after ; and Henry, 
without delay, brought about the betrothal of 
‘atherine to his next son, afterwards Henry VIII. 
with whom, on his succession to the throne, the 
marriage was solemnised. Henry also gave his 
eldest daughter, Margaret, in marriage to James 
IV. of Scotland ; and thus the union of the two 
crowns, whose rivalry had been for so long a 
source of frequent war, was peacefully secured. 
Henry’s preference for pacific arrangements was 
so marked that when, in 1492, in consequence of 
some serious quarrels, he invaded France, he 
made with Charles VIII. the Peace of Etaples, 
by means of which he obtained a large ransom 
and consented to withdraw his troops. 

King or Scullion ? Two notorious figures 
in H VII.’s reign were Lambert Simne! and 
Perkin Warbeck. Lambert Simnel accomplished 
@ sort of far-distant anticipation of the Tich- 
borne imposture of recent days. He was the 
son of a , and in 1487 represented himself 
as the Earl of Warwick, son of the Duke of 
Clarence who had been imprisoned in the Tower 

Henry VII. on a political accusation for 
ich he afterwards suffered death. Simnel 
himeelf off on many iar as the rightful 

ir to the Crown ; and in Ireland his audacious 
venture met with so much success that he was 
crowned in Dublin as Edward VI., the rightful 


Sovereign of land. The feeling of the 
Dublin people probably was not friendly towards 
any i ish monarchy ; and the fact of 


Lambert Sianel's not being recognised by the 
constitutional authorities in England was iteelf 
‘¢ - G 


& strong recommendation. But Simnul carried 
his scheme too far when he croased over to 
a ape and landed in Lancashire in June, 1487, 
with some 2,000 followers. He was defeated 
and taken prisoner at Stoke, but was treated 
by the King with singular clemency. Ho waa 
not only allowed to live, but was even given an 
appointment as scullion and falconer to the 
Royal household. If Henry VII. possessed a 
sense of humour, it may well have seemed to 
him the most humiliating punishment he could 
inflict to convert this claimant to the Crown of 
England into a subservient and willing scullion. 

PerKin Warbeck Imposture.  Porkin 
Warbeck started a project much resembling 
that of Lambert Simnel. He waa not an 
Englishman, and made his first appearance in 
public life in 1490 at the Court of the Duchess 
of Burgundy, sister of Edward IV. of Engiand, 
and there claimed to be Richard Duke of York 
the younger of the two sons of Edward IV., who 
were put to death in the Tower. He obtained 
a welcome reception at the Court of Charles VIII. 
of France; and in Scotland he was so well re- 
ceived that James IV. gave to him in marriage 
a kinswoman of his own, Lady Katherino 
Gordon, But when Perkin Warbeck tried more 
effective proceedings to obtain the Crown ho 
was much leas successful. He tried to organise 
an armed movemont in England, but totally 
failed, surrendered on promise of pardon, and 
was put into prison. His uprising had not 
caused much disturbance, and it is possible that 
if he had remained in prison he might after a 
time have been released, ax Henry VII. was not 
an unmerciful ruler, Warbeck, however, escaped 
from prison, was captured, and was then con- 
signed to the Tower of London—a fact fore- 
boding his impending doom. He waa sentenced 
to death, and exeruted in November, 1499. 

Henry died at Richmond on April 21st, 1500, 
and is said to have left behind him a vast 
treasure which he had gathered together by 
various devices, such as the imposition of large 
fines on offonding barons or offending com- 

ies, and had hoarded with rigorous economy. 

t is stated that at the close of his reign it wan 

found that he had bequeathed more than 
£2,000,000 to his successor. 

The Early Daye of Henry VIII. 
The successor to this treasure-holding ruler was 
his second son, Henry VIII, born 1491, who 
came to the throne under conditions at once 
suspicious and momentous. Few Sovereigns 
have ever been welcomed more cordially to the 

position than was this boy king, whe, 


ing the firat years of his reign, was regarded 
aint Sey con , and affection by the great 
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majority of his subjects. ba ang his youth 
rea believed to be one of the handsomest, 
most accomplished, and most intellectual men 
of hia time. 

The Renaissance. But the reign of Henry 
did not justify these anticipations; and it has 
probably been the subject of more bitter criticism 
and more extreme differences of judgment than 
that of almost any other English Sovereign. 
Whole schools of conflicting historical studi 
have been founded on the discussion as to 
whether Henry's reign was, on the whole, a 
blessing or a curse to the people over whom he 
ruled and to a large portion of the world outside 
his own dominions. He came into power at a 
time when Europe was oe to pass through 
that new Renaissance of literature and art, that 
sudden development of practical science, those 
new ideas of politics and religion, those new 
inventions for carrying on war which changed 
the conditions of the civilised world. New fields 
of colonisation were opening to Europe in Africa 
and in India; new forms of enterprise were dis- 
covered day after day in commerce and money- 
making ; the traditions of the Middle Ages were 
fading away, and there was an eager demand for 
novelty in every domain of life. 

Most important of all these changes was the 
nlp of new forms of religious faith. This 
change was making iteelf especially manifest in 
England, although it did not, at the outset, take 
anything like the definite form which it assumed 
at a later period of the reign. 

Henry VIII.’s marriage proved to have a great 
influence on the political affairs of England so 
far as England's dealings with foreign states 
were concerned. A greater, indeed, almost an 
unbounded, influence over Henry during the 
earlier part of his reign was that of the famous 
Cardinal Wolsey. Wolsey, who was born in 
1471, was the son of a wealthy butcher in 
Ipewich. At Magdalen College he obtained his 
degree so young that he was called the Boy 
Bachelor, and became master of a small 
achool attached to his college. Through the 
influence of powerful friends he was appointed 
Chaplain to the Archbishop of Canterbury, and 
later became Chaplain to the King. After that 
hia an was rapid, and for a long time he 
held the King's favour. In 1514 he was 
appointed Archbishop of York, and in 1515 he 
was made Cardinal b —e Leo X. 

Battle of Flodden Field. At that time 
the Pope was still an important figure in the 
temporal as well as in the spiritual affairs of 
Europe, and was then engaged in forming the 
Holy League with Spain for the purpose of 
counteracting the growing porer of France 
under Louis XII. Henry VIII. joined the 
sae ie against France, and in 1513 he 

u an invasion into France in co- 
operation with the German King Maximilian, 
where he won the bloodless Battle of the Spurs 
and ca several im t positions. 
ing Henry's absence England a t 
victory was won for his crown over the grote 
under James IV. James, who had taken the 
side of the French Sovereign against England. 


crossed with his army into Northumberland, 
where he encountered the Earl of Surrey at the 
memorable Battle of Flodden Field on September 
19th, 1513. The victory was complete for the 
English with comparatively small loss, while 
James was killed on the battlefield with a large 
number of his most distinguished nobles, and, it 
is said, some 10,000 of his soldiers. 

King and Cardinal. Wo took a 
very important part in the guidance of Henry's 
movements in al] this warlike policy. e 
Sovereign and the Cardinal had the same purpose 
at heart—that of holding the balance een 
France and Spain, preventing the one from ob- 
taining a mastery over the other, and thus making 
England, in a certain sense, the ruling power 
over both. Such a policy required a constant and 
almost unmeasured expenditure of money ; and 
Cardinal ee the chief instrument in 
obtaining, by bold systems of taxation, the 
supplies needed by his Royal master. 

olsey took upon himself openly and osten- 
tatiously the responsibility for all this exaction ; 
and it 18 only just to say that his object was, 
while directing the king's policy, to save his 
master from public censure, and to direct all the 
popular indignation towards himself. Later 
on, when it seemed important that England 
should draw closer towards a good understandin 
with France, Wolsey worked towards that oni 
with as much statesmanlike ingenuity as he had 
formerly employed to bring about a quarrel 
with that country, and he came to hold, if possible, 
a higher position than before. In 1515 Wolsey 
was made Lord Chancellor of England. 

Meeting om the Field of the Cloth 
of Gold. The continent of Europe was 
during this time kept in incessant suspense 
by the rivalry between Francis I. of France, 
and Charles V., Emperor of Germany. Charles 
inherited from his father the sovereignty of the 
Low Countries and of Burgundy, and the 
succession to the Imperial throne; and from 
his mother, daughter of Ferdinand and Isabella, 
he was entitled to the rulership of Spain, of 
Naples, and of the Spanish possessions in South 
America, where Spain had already secured a 
large territory. Francis maintained that Bur- 
gundy belonged to his dominions and not to 
any stranger, and he further claimed the Duch 
of Milan and the territory of Flanders. Both 
monarche wished for the support of England. 
Charles V. visited Canterbury to confer with 
Henry VIII., and Francis I. arranged the famous 
meeting on the plain of Ardres, known as the 
Field of the Cloth of Gold. 

The frequent wars of thove times left the 
ownership of this or that European territory a 
source of constant dispute. There was no 
distinct and ised France or Germany, 
Italy or Spain as these are marked out and ac- 
knowledged in modern Europe. The Emperor 
of Germany was sometimes also the ruler of 
Spain, while the King of claimed to be 
the lord of a large part of At 
one chapter of the le between Charles ¥. 
and Francis I. ended. for the time, in the complete 
defeat and capture of Francis at the Battle 


of Pavia, in 1525. Then it became the policy of 
Henry VIII. and of Wolsey to take the opposite 
side. The power gained by the Em seemed 
to Henry to threaten the position o land as 
the power of France had appeared to threaten 
it before; and he and Wolsey believed it to be 
for the advantage of land to enter into an 
alliance with the King of ce. 

But, in the meantime, great movements 
were taking place throughout the Continent 
which had nothing to do directly with war or 
with political parties, but which brought about a 
revolution in human thought greater than any 
that had been wrought in the thoughts and the 
lives of men during all recent gencrations. It 
has been well said that e revolution, however 
great and powerful, is at first a thought in the 
mind of one man; and this may be aaid of the 
revolution then about to take place among the 
peoples of Europe. 

artin Luther. Luther, who was born 
at Eisleben, in Germany, on November 10th, 
1483, belonged by birth to the working classes, 
and was the son of a German miner. Even in 
thore days there was in Germany ample oppor- 
tunity for youths of the poorer c to obtain 
a good education ; and Luther, after some study 
in the public schools, entered one of the univer- 
nities and took his degree. Hoe had from his 
earliest years a strong inclination for a spiritual 
life, had been a close student of the Scriptures, 
and spent three years in a monastic institution. 
He was ordained a priest in 1507, and won 
success asa preacher. Then he was sent to Rome, 
and with his stay there began that change 
in his religious views which led to such impor- 
tant events in the history of the world. His 
opposition to the doctrines of the Church of 
Rome began with his objection to the principle 
that the Pope and the Church had a spiritual 
right to grant what were called Indulgences 
to members of the Church. He returned to 
Germany, and there became, by his writing and 
preaching, an effective advocate of his own 
doctrines, and soon exercised a wide influence 
over the public opinion, not only of his own 
country, but of other European states as we'll. 
The longer the controversy went on the farther 
Luther found himself drawn away from his 
earlier faith; and before long he became an 
uncompromising 0 t of the Church of 
Rome as the spiritual guide of Christianity. 

** Defender of the Faith.” There is no 
need to enter into the great religious controversy 
which divides the Christian world up to the present 
day. Its immediate effect upon the his of 
England is the most important subject of study in 
the story of Henry VILI.'s reign. Some of Luther's 

: , aroused much 
immediate effect of 
VITI. into authorship and 

The King published a 


the English crown had ceased to be worn by 
members of the Church of Rome. The King was 
understood to have been very proud of the success 
of his “ Assertion of the Seven Sacraments.” 

Luther's publications met with much more 
success in Germany than in England, where, 
for the time, the ing force of influential 
gered opinion seemed to go with the King. 

uther's # were publicly burnt in St. Paul's 
by order of the Church authorities of pa bg 
and laws were put in force for the prosecution of 
any A wages who should take part in the promotion 
of the heretical doctrines. Luther's teaching 
was, however, spreading widely throughout Ger- 
many and over many parte of the Continent, and 
soon came to have a great effect on the minds 
of many of the thinkers and teachers of England. 
The whole religious controversy was much mixed 
up with the important politioal question as 
to the right of the Pope to any manner of control 
over the State affairs of countries outside his 
jurisdiction aa a ruler. Henry VIII. came 
at last to identify himself thoroughly with the 
rejection of the Papal supremac religion, 
as well as in politics, and the bulk of English 
public opinion went with him. He sup 
most of the monastcrics in England; and when 
uprisings took place in defence of them, he made 
that a reason for the suppression of all the other 
monasteries, and for the transference of their 
revenues to the Crown. 

The Marriages of Henry VIII. The 
story of Henry's various marriages is not an 
edifying part of hw reign. Henry insisted on 
obtaining a divorce from his wife, Catharine of 
Aragon, on the ground that the marriage was 
unnatural, aa Catharine had actually beon mar- 
ried to his elder brother just before hin death. 
As the Pope waa unwilling to assist the King to 
dissolve the e, Henry acted independently 
of the Papal authority, and married Anne Boleyn, 
a member of the ducal house of Norfolk. Henry 
appears to have fallen in love with Anne Boleyn, 
but his affection did not last long, for three years 
after the marriage he charged his wife with 
infidelity, and on that accusation sho waa put to 
death in 1536. The day before her execution, 
Henry married Jane Seymour, who died soon 
after, leaving a son, who became Henry's auc- 
censor, Edward VI. 

The King was quite ready for a new sar ion 
and chose Anne of Cleves as his fourth wife. 
This was not a marriage of affection, but one 
pressed upon Henry by some of those around him, 
on the ground that as she was a Cerman and 
Latheran princess his marriage with her might 
secure for England the su of the Protestant 
sovereigns and states of Germany. Henry ac- 
cepted the union pide and within six 
months he obtained a legal declaring the 
m e null and void. He then married Catha- 
rine Howard, another niece of the Duke of 
Norfolk; and before two years she 


as & reply to ‘s doctrine; and this underwent, 
found such a welcome in Rome that too, the same accusation as that which had been 
agg er tage hr the King the t against Anne Bo and met with the 
itle of “ Defender of the Faith,” a title which like penalty. The then married hir 
was borne by Henry's successors long after sixth wife, Catharine Parr, outlived him. 
Continued 





E term sugar was formerly used to convey 
the idea of sweetness, and applied to products 
of both the vegetable and the mineral kingdoms. 
The term “ sugar of lead” is a survival of this 
early usage. word is now confined to those 
sweet substances which are found in the juices 
of planta, Chemically, sugar is classed with the 

Aohydsaten and the various kinds of sugar 
may thus be divided ; 

1. Saccharose, or cane sugar ; 

2. Lactose, or milk sugar ; 

3. Glucose, or grape sugar ; 

4. Levulose, or fruit sugar. 

Saccharoee. seiner. ane pri im: 
portant sugar, is very widely distributed through- 
out the deeiable Kinder. The chief sources 
are the sugar cang, the sugar beet, palm, maple, 
sorghum, and maize. It is also found in notice- 
able quantities in carrots, madder-root, almonds, 
walnuts, barley, coffee beans, the sap of the 
lime, birch, and sycamore, mesquit pods, melons, 
and the nectar of flowers. It has been estimated 
that it would require the nectar of five and a half 
millions of red clover flowers to produce a 
kilogram of sugar ; but, on the other hand, mesquit 

have been found to contain 20 per cent. 

of cane sugar. 
oe cH oe Lee ae late 
ao represents the chief planta 
of the ga table Kingdon from which age 
in obtained on a commercial scale. Fig. A is 
& picture of the sugar cane, formerly the only 
wource of sugar. It belongs to the grass order 
and is distinguished by its knotty stem. The 
whole plant is 8 ft. to 12 ft. in height. Figs. B, 
C, D, BE show the chief varieties of the sugar cane 
and illustrate the characteristic features of the 
stems of (B) the Bourbon, ((') Black Tanna, 
(D) Striped Bamboo, and (E) Lahaina. The 
sugar beet shown in F, G, H, and J is the 
chief source of sugar in Ere Fig. F shows 
the appearance of the beet when growing, G is 
an improved variety of beet, H is the white 
Silesian variety, while J shows the beetroot in 
section. Fig. K is sorghum, another source of 
ppt L being the Early Amber cance, M a hybrid, 
N the Liberian variety of sorghum. Fig. O 
is a scene in a forest of maple d the season 
of the collection of maple juice in Canada; this 
uice is afterwards boiled down to a thick syrup 
or household use, one of the methods being 


shown in P. Fig. Q is a familiar scene in 
India ; it represents the manner in which the 
— of pclrsirs scatter ya Phen juice 
en evapora sugar of good flavour. 
sugar is a freely in 
water, a saturated solution containing 


over 65 per cent. of sugar, while as much as 
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Properties and Uses of Saccharose, Lactose, Giucose, and Levulose. 
Propagation and Cultivation of the Sngar Cane. Its Yield and Composition 
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82 per cent. of sugar can be taken up in a boiling 
solution. If a strong solution of sugar be slowly 


evaporated are obtained which, if 
allowed to deposit on string, form sugar candy. 
Sugar is only slightly soluble in alcohol, and not 
at all in ether. en sugar is heated it melta, 
and if then allowed to stand till cold yields 
what is known as barley sugar. By combining 
butter and flavouring matter with melted sugar 
the familiar buéterscotch is produced. If 
strongly heated, sugar darkens and gives a 
coloured product known as burnt sugar, or 
caramel. ff the heat be continued and increased, 
acid vapours and combustible gases are given 
off and s black mass of charcoal remains behind. 
Sugar combines with lime to form a sucrate, the 
reaction forming the basis of an important 
method of purifying sugar juices. Strontia, 
baryta, and lead compounds can be formed in 
like manner. 

The Difference between Cane and 
Beet Sugar. Cane sugar turns a ray of 
polarised light to the right, and has no reducing 

wer on an alkaline sulphate of copper solution. 

hese properties are made use of in sugar 
analysis, and are explained later. When sugar is 
warmed with sulphuric acid a black mass is 
obtained. Sugar mixed with chlorate of potash 
forms what is known as “ white gunpowder,” 
and takes fire if touched with sulphuric acid. 
When rubbed with lead oxide sugar takes fire. 
The question is often asked: t is the 
difference between beet and cane sugar? The 
answer is that sugars from any source are 
indistinguishable if equally purified. Impure 
beet sugar has a very disagreeable odour, but 
as such a product would not fetch a good price 
in the market it is obviously to the advantage 
of the manufacturer to thoroughly purify his 
beet sugar. An a a with a sense of 
smell could probably detect the difference 
between purified beet and cane sugar ; but even 
ig nib make mistakes. The method is to put 
a tew lumps of each in clean wide-mou 
stoppered tles and let them remain for a 
day. On coming ‘in from the fresh air and 
smelling each bottle it is sometimes 
to detect a difference. There is o 
difference in the amount of ash yielded by the 
two and also a chemical difference in the oon- 
stituents. Beet sugar does pot contain iron, as 
is sometimes erroneously stated. 

Uses of Saccharoee. Sugar is a cheap 
and economical food, a looked u 





HISTORY OF SUGAR 


THE 


cattle. Sugar is the source of alcohol in wincs 
and beer, although cane sugar is not iteelf 
directly fermentable, but has to go through an 
intermediate stage before being acted upon by 


La » or Milk Sugar. This is 
the found in the milk of mammals. 


Bouchardat states that it occurs also in the 
juice of the sapota tree, but this needs confirma- 
tion. Milk sugar ia not so soluble in water as 
cane sugar, and ite taste is much leas sweet. 
When heated, milk sugar becomes yellow and 
then changes to brown ; it reduces an alkaline 
sir, a of ee solution. When fermented 
with a yeast-like body milk sugar yields a 
drink called koumies. Large quantities of 
lactose are used for infants’ and invalids’ food 
and also in the preparation of medicines. 

Glucose. Glucose exists in grapes and 
honey. Small quantities exist in the animal 
body, the disease known as diabetes being cha- 
racterised by an excessive secretion of glucose. 
On a manufacturing scale glucose in prepared 

acting on starch with a dilute acid. Glucose 
dissolves in water, but is only about half as 
sweet os cane sugar. It is ily fermentable, 
and yields 48°67 per cent. of alcohol. Glucose 
is used in the brewing of beer, the manu- 
favture of confectionery and jams, and in calico 
printing. 

Levulose.  Levulose exists in honey (with 
glucose) and ripe fruits. It is also contained 
to the extent of 50 per cent. in tavert saugar— 
the product of the action of dilute acid on sugar. 
Levulose turns a ray of polarised light to the 
left. Invert sugar is of considerable import- 
ance in the brewing industry. 

The Cane. e sugar cane is a huge 
grass with a knotty stem (1) 9 It belongs to the 
natural order raminacer, and is known 
botanically as Saccharum officinarum. The 
sugar cane is a native of India or of the moat 
southern parta of Asia, whence it has spread to 
every a ea or semi-tropical country in the 
worid. e Spaniards eae introduced 
the sugar cane into the West Indies and the 
American continent. 

History of Sugar. Early writers, such as 
Herodotus, Theophrastus, and Seneca, were 
acquainted with sugar, but not till the Christian 
era do the references become clear. The 
cultivation of the sugar cane was well under- 
stood in Arabia and Spain from the earliest 
times, but the medicinal use of sugar was the 
object of the cultivation. During the Middle 


verage price in a.D. 1300 was 
ls. per Ib., and 100 years afterwards it was 
ls. 7d. per lb. In 1353, John of France ordered 
that the apothecaries of Paris should not substi- 
tute honey for sugar in confections. As travelling 
became more the cultivation of the sugar 


cane ing introduced into Madeira in 
$430, Domingo int 1404. the Canary Islands in 
1808, Mexico in 1520, Martinique i 
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Mauritius in 1750, and Australia in 1859. Tho 
cultivation of the sugar cane in almost 
became extinct, but of late years 

Government have made determined to 
revive the manufacture of sugar. Factories on # 


scientific basia have been equipped, and the 


experiments have turned out succesful. The 
discovery of bect sugar by . of Berlin, 
in 1747, is referred to later on, importanoo 


of the discovery being only apparent in recent 
aml when increasing cultivation of sugar buet 

convulsed the cane sugar industry so much 
that international commorcial agreemonta havo 
had to be entered into to prevent tho ruin of the 
sugar cane planters in the British possnasions, 

reacie. The dark syrup known as treacle 
is a residuum in the manufacture of sugar, and 
it is a puzzle to etymologista to acoount for tho 
transference of the name of a medicinal oon. 
fection to a domestic article like treacle. The 
transference has taken place within tho last 200 
years. It is curious to note that the medicinal 
reputation of sugar and treacle has quite 
dwindled away. Sugar, it is true, is used in 
medicinal syrups, but only as a preservative 
or flavouring agent, while treacle has been 
replaced, even in the delectable brimstone and 
treacle, by the more refined golden syrup, which, 
however, lacks the slightest suspicion of the 
laxative action possessed by the old-fashioned 
treacle, 

Varieties, There are many varieties of 
sugar cane known, the principal ones being 
the Mauritius, the Laina, the Otahcite, the 
Bourbon, the Ribbon, the Java, the China, 
the Singapore, the Indian, 
and Cristalline. Some of 
these aro probably distinct 
apecies, such as the China 
sugar cane; the others 
differ from each other in 
the colour and hairinoss of 
the stem. Some varicties 
are preferred in certain 
situations, tho Cristalline 
cane, for example, having 
&® reputation as a dincano 
resinter in the Fronch West 
Indies. The Bourbon cane 
was originally introduced 
into the Weat Indies from 
the Isle of Bourbon. The 
varieties most in request 
are long-jointed canes, the 
leaves from which are 
readily detached from the atem as they die, As 
a rule, however, it may be taken for granted that 
each country has produced a special varicty of 
cane suited to ite climate and soil. 

The sugar cane grows in a wide oe of climatic 
gn account of the renter engi "he days 
on account ter ‘ 
cera Mag large : 
surface of the water in widition 
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‘in obtaining the maximum of sunlight. Frost 
is harmful to the sugar cane. 

What the Cane is Like. The 
ia ial, and produces » stem 8 ft. to 12 ft. 
high and lin. to 2in. thick, while there are from 
40 to 60 joints. The leaves are produced at the 
jomts, and are 4 ft. to 5 ft. long and 2 in. wide. 
As the canes grow the lower leaves dry up, 
fall off and are removed, the process being known 
as trashing, The sugar cane needs a fertile soil, 
clay and sandy soils being unsuitable. In 
French Guiana the only remunerative cultivation 
of the sugar cane is on low lands that are periodi- 
cally manured by flooding with water from which 
black mud is deposited. In Queensland land 
of virgin soil is prepared by light ploughing 
to get rid of grass. The ground is then plough 
Pin. to 10 in. deep, and worked with the harrow 
and roller to ensure sufficient soft mould for the 
plant. 

Propagation. The sugar cane is pro- 
pagated from cuttings or seed, but usually by 
the former method, seed being only for 
obtaining new varieties. The cuttings may 
he either from the top or from the body of 
the cane, and recent experimental work in the 
Mauritius seems to indicate that the tops are 
preferable. If tops be used the leaves should be 
stripped from two or three buds so that they can 
come into immediate contact with the soil. 
If plant canes be used they should be cut into 
lengths of three buds cach, care being taken not 
to injure the buds. The plants are then placed 
in drills at a distance of about 3 ft. from centre 
to centre. The canes are placed horizontally and 
with the buds pointing one way ; | in. to J} in. 
of mould above the cutting is quite sufficient, 
ninve it will grow more rapidly than if planted 
deeper. After « few days, according to the 
weather, rootlets will spring from the joint 
surrounding the bud, and in from 10 to 21 days 
the buds will appear above the ground. 

Cultivation. All the cultivation afterwards 
required will be to keep the ground open and 
clear of weeds as long as the horse-hoe can be 
usod, after which the ground can be left until 
crushing season. Cutting of the cane in effected 
in several ways—some are cut with a knife, the 
cane being trimmed and topped while in the 
hand, while others are cut with a sharp hoe, the 
trimming and topping being done by another 
group of labourers. en the cane is light upon 

e ground or stands erect the former mode seems 

erable, but whore the crop is very heavy the 
tter method is used. In either case care 
should be taken to cut the cane close to the 
ground, as the ratoon (the cane which springs up 
from the stump) will rise from the highest bud 
on the cane root left, and if this be not below the 

surface support against the wind for the 
cane will be lacking. The tice of different 
plantations varies in regard to replanting or 
growing from ratoona, although cane will 
retain and yield crops for several years without 
replanting, ratoon are not so heavy as 
egy cane. The labour supply is a factor that 
to be taken into account in this connection. 


sugar cane 


Manures. We now come to consider the 
various manures that are .  Phos- 
phatic manures give considerable and v 
remunerative increase when used together wi 
manures containing nitrogen and potesh. 
Phosphate slag seems to be an excellent source 
of phosphorus for cane plantations, and ought to 
replace superphosphate. Nitrogen in the form 
of sulphate of ammonia, nitrate of soda, and 
dried blood shows a favourable influence on 
the yield. The best resulte obtained by the 
authorities of the Botanical Gardens of British 
Guiana were obtained with a mixture of one- 
third nitrate of soda and two-thirds sulphate of 
ammonia, although for large quantities sulphate 
of ammonia gives a better uniary result. 
Dried blood was notably inferior. Potash 
seems to be of only small! efficacy. The em- 
Hed drgi of sulphate of potash on land not 
imed gave a slight benefit, but a loss on limed 
soils. e use of did not furnish satis- 
factory results. The employment of lime gave 
great increase of yield, the effect on the first 
crop being sufficient to pay the cost of its appli- 
cation, while the increase in the shoots con- 
stituted a net gain. 

Diseases of the Cane. The cane is 
subject to a variety of animal and vegetable 
pests. In the first category are included rats. 
These are kept down by poison or the use of 
Danysz virus. The mongoose was introduced 
into Jamaica to kill the rate, but ultimately 
became as great a pest as the rats. Among 
insects the moth-borer is prevalent, and is 
only got rid of by systematically collecting the 
moth and destroying the diseased canes by fire. 
Several other borers are known, some of the 
pests making special attacks on the roots of the 
cane. Spraying with paraffin emulsion is re- 
commended for coer ne some of the small 
insects. Vegetable or fungoid pests, such as red 
smut, top rot, sereh, ananas, and gumming 
disease, attack the leaf and stem. The remedies 
are to choose canes known to be disease resistant, 
to correct errors of cultivation, and to destroy 
all affected canes by burning. Rotation of 
crops and green manuring are also suggested 
as a means of combating fungoid diseases. 

Yield and Composition. The weight 
of crop varies very much, from 70 to 80 tons 
having been taken from rich scrub lands in 
North Queensland. A fair average is 25 to 40 
tons per acre, and with modern appliances and 
methods a ton of sugar is sometimes made from 
little more than 10 tons of cane. 

There is 16 to 18 per cent. of sugar present in 
the sugar cane and about 70 per cent. of water. 
The sugar is distributed irregularly throughout 
the cane, the joints and the lower end being 
ape sugar than the higher parts of the stem. 

softer parta of the cane contain the purest 
and richest juice, there being altogether about 
88 per cent. of juice in the cane. The juice con- 
tains-about 18 per cent. of sugar, the rest being 
water and a sagen pit sy of mucilaginous, 
resinous, fatty albuminous matters, and 
mineral salts. 


Continued 


A SHORT DICTIONARY OF TERMS USED IN SUGAR-MAKING 


Ne ee or GMAR— Double 


Charcoal boues 


Coed for. deschoumietur. bean? 


BAGASOGE—Refuse cane after the 
Seana: Secne <4 mall-grained ugar 
a 8 
eatce wr af evaporating pans as 
aioe 0 ns 
weed in the Jamai ustry. 
wee molasses. 


Bigw-up SRS at in which sugar is 


in sugar refining. 
Bull-aye—Ite 


sight-hole of a vacuum 
oanane—Ders sugar used as a 
Carbohy Fates—Scientif term for 
of organic bodies to which 


a or Carbonation— 
of saturating limed beet- 
falco ore or cane-juice with carbonic 


acid gas. 
Chancara-—A Small-¢rained sugar fold 


on Cate 

era lands tank filled with 
animal charcoal. 

Clairce—French term for a saturated 
solution of pure sugar 

Clarification—The process of puri 
ing raw frloe by reat and lime. 

Claying—J he process of drivi 
bells pape of a sugar-loaf by 

y Or 

Cleare— Bright, clear syrup used in 

c it uorlag aneas 

offee Sugar— especially pure, 
refined s 


sugar. 
Concretor —<e evaporating apparatus 
or cane utes. 
convarer ylinder—The large rotat- 
ing cylinder of a Hersey granulator. 
Copper Wall—Rattery of open pana 
used for concentrating cane juice. 
Corn Symp Ulnar ina liquid state 
made from maize 
Coseties—frenot term for beetroot 


Crystaillaation—The property which 
ea have of assuming 
definite solid forms out of a saturated 
soluti 
Crystallisation in Motion—The name 
ry tga the method of crystallising 
masseculte by keeping it moving 
during cool 


Cube Sigar—Gugar moulded into the 
form 0) 
wage — comeing sugar crystals by 
ng and draining. 
Cush-cush—Name givenin Guiana to 
the impurities in the juloe from 


and 


fy 


out 
amp 


crushed sugar-cane. 

Cut—The "technical expression § for 
half-em the vacuum pan 
when d m te. 


~~ ripened name sometimes 


to palm sugar. 

D sfecation—The process of removing, 
by heat beg lime, the fecular matter 
from raw juice. 

Defibralor—A mill that — the 


Demerara. Sugar—Sugar ellow 
colour, Seodueed in te Wee odian 


bmg or BEifet — An 
Evo veruum pata, working toget be 
trom which the 


Drained § 
molasacs been drained in haga: 
eads. 
FALSE GRAIN—An expression used 
in sugar boiling when small grains 
see peseare ae instead of 1 


already formed. 
Flim ESansee —An ineie tA 
which depends on the pene te of 
evaporating a thin film of 
First onseee The 


Massocuite after treat- 
ment in the centrifugal machine. 
First Throwing— Refined sugar puri- 


fied in a centrif machine. 

Fruit Sugar—Le , 

GASED — The process of ing 
oe gas through raw 
GincoseDexticss rape sugar. 

the fner kind of 


eigen Syru 
baa y p—The 


Grain—The small crystals of & 
that form when syrup is be aa 
concentrated in a vactlum pan. 

Green Syrup—The fyrup that drains 
from oe n the mould. 

reser gy Moist brown sugar. 

aw liquor treated with 
ee Pout not yet concentrated. 


MRATER—The verse! into which the 
masaecuite is received when dis- 
charged from the vacuum pan. 

Hydro Extractors—Anvother name for 
centrifugal machines. 


INVERT, or INVERTED SUGAR— 
Sugar the agree jour of which in the 
Lojorsr dasa has been changed from 
right to left. 


JAGQRRY—A 
in India, obtained Pps the palin. 
Jarra—The third flow of sap after 

tapping the date-nsugar palm. 
Jiran—The first flow of sap resulting 
from tapping the date-sugar palm. 


LAVO SACNHARRUM—livert sugar 
used as a malt adjunct in brewing. 

Levulose —Frult sugar. 

Liming—The process of adding HMme 
to raw juice. 


MACERATION —The process of sonk- 
ing beet slices of cane in hot water 
mal: > Sasi kaa ped btained f 
ze Sugar— ugar obtain rom 
the stalks of zea mays 
Maple ) Sager a eear pede from the 


masseculte—the fi finished masa of 
tala and syrup formed on 
concentrating 


sugar orys 
ina vacuum pan. 
Mognas—Cane afterit has bern pressed 


in the cane mi 
goon ple or for diwolving 
n water. 


raw sugar produced 


e aan t drained syrup peated te ings et ol 


wonte jae ea pam fog a on Bitet—As = 


ratus for evaporating 


ee etcice kas tack Graled Ga 
tubs. 

iron may ped sugar sold 

Pils Preach term for white powdered 

Premier ps Jot ear-—Suger purtfied 


a coined trom Re ivi 
had 


Proofatiek — t for with- 
drawing a anape of contents 
of the vasuam 

page omar chee a crop of canes 
from one plan 


Raw Samer. Vercdined masnocuite 
a aroatment in the centrifugal 


Refined Sugar—The finer qualities of 
sugar manufactured frum raw sugar 
at central refineries. 


neneenent re net amount of 
ar obtainable from a 

siren cam of raw sugar. 
ficatio oa of renewing 


animal charcoal that haa beoume 
exhauated as a decolouriser of sugar. 


BGACCHARING—Invert sugar, also 
applied to a sweetening agent ob- 
tained from ocoal-tar. 

Saccharimeter —An optical instru. 
ment for measuring the amount of 


Ry ed in solution. 

Ss er—Indian term for cane sugar 
clarified by alkalics. 

sehattsel——Uersias name for beet 
slices. 

Second Molasses—That which oe drains 
from masaccuite that had 
molasses boiled with it. 

Seeding—Grain sugar added to the 
vacuum pan to atart oryatallisation. 

Selecting—Process of improving the 
quality of beetroot, by always using 
only the beat planta. 

Semoule—Frenoh term for grain au orl 

Silo~—storing place for beetroute 
Agriculture, page 1070). 

Sling—Name given tu the concentrated 
avrup in the striking toach. 

Starch Sugar—<dlucose, or dextrose. 

Steaming Out —Process of washing 
out pepper with steam, to remove 
race bea 

Stirred ugar—-Propared by eva 
oe ayrup, and atirring until 

at crumbly me romaliu. 

Striking Pan, or Teach- The end of 
a eerles af pana, In which the more 
concentrated Hguor oollecta. 

Sucrose—4'ane or beet sugar. 

Sugaring Off-- The prooevss and season 

or tapping maple trees. 

Sweet aters—Waters containing 
small quantities of sugar. 


TATHES or TAYONMES ~The pans 


oft the copper wall. 
Taylor Filter A filter in which a 


large number ae long filter are 
employed. 
Teaches-- The pans of the copper wall, 
Tempering — The operation of adding 


lime to raw julor. 
rd Molasses —The molasacs drained 
from vacuum pan molasses sugar. 
Trash— Dry cane leaves 
Trashing —The operation of removing 
ary of faded leaves from the sugar- 


Treacie— The uncryataliisable part of 
redid produced tn the process uf 
Tri i 


in vo 
@ Eifec An evaporating appar- 
ms 7 consisting of three vacuum pam 


worked together at different pressures. 


ULTRAMARING—A bine substance 
ased for neutralising the yellow 
colour of refined sugar. 


ai 8 far ada Pasp. 
"Mrtting trom tho erie of ugar 
from molasses. 


whites 
v eeed diy fg arog vec goede ad 
Wind row! —Protedting 0 out canes 
from frost 


to imitate rDeesars sane se 
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By JOSEPH 


Singleecurve Teeth. The method of 
constructing the involute curve of a single curve 
tooth is shown in 95, where A B is the pitch line. 
First mark off the equidistant points D E F 
GH, and from each point draw a tangent to the 
circle ; then set off the distance D I equal to the 
arc DC, EJ equal to EC, F K equal to FC, 
G L equal to GC’, H M equal to H C, and a curve 
drawn through the pointe I J K LM will be the in- 
volute required. It is, in effect. a curve formed by 
the unwinding of a cord from the arc of the circle. 

An approximation sufficiently cor- ‘sa 
rect for practical purposes is to 7 
strike the curve with a radius ONS 
equal to one-fourth of the 
radiua of the pitch circle, 
Fig. 96 shows how this 
is arranged. A semi- 

circle, A, is drawn 

on the radiur 

of ~ ae ‘ 
circle, an : 
the cen. 7% my ” 
tre, B, is 
located 

upon it; a dotted 
circle is drawn 
through the point as 
a base circle for atrik- 
ing the curves of the 
other teeth. This con. 
atruction has, however, to 
be alightly modified when 
dealing with wheels having leas 
than 30 teeth. The flanks have 
then to be made parallel with cach 
other for certain ciistances, the 
amount of which is arbitrary, and 
depends upon the number of teeth. 

Double-curve Teeth. = Ihe 
relative advantages of single and double 
curve teeth is a Very much discussed 
question, and one which is by no means 
settled. The practice in England has 
been for many yoars distinctly in favour 
of double-curve teeth, due, no doubt, to 
the wide adoption of the odontograph 
instrument, together with an exaggerated idea 
of the. theory that aingle-curve teeth cause 
undue pressure upon the shaft ings. The 
tendency at present is to adopt the single curve 
universally, and this haa been brought about 
largely by the introduction of machine-cut gears. 

When toothed gears of a very fine pitch are 
required, it has been the practice to cut the tooth 
spaces from a solid rim, in order to attain suffi- 
Le ue ae . It has 
been left to Messrs. wn & Sharpe, of 
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Single-curve Teeth. Machine-cut Gears. Diametrai Pitch. The Strength of Teeth. 
The Arms, Rims, and Bosses of Spur Wheels. Gear Wheel for Electric Tramcar 
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America, to develop.this idea, and to standardise 
the forms and proportions of machine-cut gears 
of all sizes a pitches. The Brown & Sharpe 
involute gear cutters are now used regularly 
all over the world, and are as much recognised as 
a standard article as the Whitworth and the 
Sellars screw threads are in their sphere. Gears 
having cast teeth are, of course, still widely used, 
but for all accurate and high speed work cut gear 
has the monopoly. 

Diametral Pitch. The basis of calcula- 
tion for cut gears is the diametral pitch, When 
drawing wheel teeth on paper, or when con- 
structing a pattern, it is convenient and natural 


/ «| to measure the pitch of the teeth on the cir- 
: cumference of the pitch circle, and 
=u such a measurement is termed circular 


pitch. Now, when dealing with cut 

gears, this method of measurement dis- 
appears. The pattern-maker is not concerned 
with the spacing of the teeth—he simply has 
to prepare a wheel blank of a certain diameter ; 
the machinist has to turn the blank casting to 
the correct diameter, and the ear-cutting 
machine is set to cut a certain number of teeth. 
Consequently, circumferential raeasurements by 
rule or compass are not required in the process 
of manufacture. Therefore, the pitch is spoken 
of in terms of the diameter instead of the 
circumference of the wheel. 

If the circumference of a pitch circle be 
divided by the number of teeth in the wheel. 
the result will be ‘circular pitch.” In the same 
manner, if the diameter of the pitch circle be 
divided by the number of teeth, the result. will 
be “diameter pitch.” The dsametral pitch 
ia the reciprocal of diameter pitch. The recipro- 
cal of a number is 1 divided by that number. 
Thus, the reciprocal of 4 is 3, because } will 
divide into ] four times. Now if we take a wheel 
having 48 teeth and a pitch diameter of 12 in.. 


the diameter pitch is rh = } in., and the 


I . * 6 * 
05. INVOLUTE diametral pitch is } + } in. = 4. Inother 
CURVE 


words, diametral pitch is the number of 
teeth per inch of diameter of pitch circle; 
this idea may be a little difficult to grasp 
at first, but the following calculations will show 
the simplicity of its application. 

To find the pitch diameter of a wheel having, 
say, 94 teeth of 3 diametral pitch: Divide 
the number of teeth by the diametral pitch: 


a = $133 in. = 314} in. pitch diameter. 


[See Table of Decimal Equivalents for Vulgar 


on page : 
To find the diameter of a wheel blank to cut, 
aay, 94 teeth of 3 diametral pitch: Add 2 to the 


Seward 
Pond 


‘DRAWER 
number of teeth and divide by the diametral will divide the load between them; but if a 
uch: 2%+.2 — 90 in. diameter of blank, or *m™all pinion be geared with a wheel, the full load 
pitch 3" a may easily come on one tooth only. 
whole diameter of wheel, as it is sometimes termed. Properly speaking, each individual caso should 
To find the diametral pitch of a Jor he savectigaicd and deaigned oy. 
wheel having, say, 60 teeth, and of Having determined the 
24 in. diameter: Divide the number load which the tooth must 
of teeth by the diameter of ~ carry, multiply that load 
the pitch circle : 60 _ 9 oa by tho full depth of the 







24 tooth for a bending no- 
diametral pitch. \ \ ment; the modulus of a 
To find the diametral pitch of a | igtcinn 4 BH! 
wheel, say, 20 #3 in. whole diameter, \ ee! ARS ae 
and having 60 teeth: Add 2tothe | | chee Wea! we 
number of teeth, and divide by the | ‘so breadth or face of 
wheel diameter (convert : ae \ | 2 eee : the tooth, and H is 
3006): +s, 2 one! , the thickness at the 
uy, tales on Page I 20°66 : © | ee : g\ root; multiplying the 
diametral pitch. \ t ' modulus by the safe 
Relation of Diametral | ktress per square inch 
Pitch to Circular Pitch. The | given the moment of 
relation of diametral to circular pitch is J resiatance — of the 
the relation of the diameter of a circle to ita \ , tooth, which should 
circumference, which equals 3°1416. ‘T'o a be > a and opposite 
obtain the equivalent circular pitch from a \ rd to the bending mo- 
diametral pitch, divide the latter into 3:1416. Fs ment, A safe atreas 
Example: Required the equivalent circular | fei for cast iron in 3,000 
: 3°'1416 sa Ib. per square in., and 
pitch to 5 diametral pitch: —, = -6283 \| 77 10,000 Tb. per aquare an. for 
circular pitch. Conversely, required the ___\ _—" cast steel, [See the table on 
a aH aia pitch to 14 in. circular the next pago. } 
itch: 21416 ~ 9. re 96. METHOD OF The thickness at the root of 
pitch: 1s 20044 diametral pitch. MARKING OUT AN an odontograph tooth varios 


A table is given on the next page showing = INVOLUTE TOOTH from ‘4 to ‘6 of the circular 
the equivalent circular pitches for diametral pitch when ranging from 15 to 
pitches from 1 to 50. The Brown & Shar 60 teeth. The breadth or face of a toothed wheel 
involute teeth may be set out generally as de- may vary from one and a half to three times the 
scribed for 96, the proportions being as follows: — circular pitch. 







Height of tooth from pitch line, ‘3183 circular There are from 40 to SO different rules in 
pitch. Width of tooth on pitch line, ‘5 circular existence for the calculation of the horse- 
pitch. Depth of tooth below pitch power which may be trans- 
line, *3683 circular pitch. puree Greets ae a thas by toothed serfs 

. cae f : the majority of thom 

Strength of Spur Teeth. The 309 4": a “me . 
aseogih a per-nberl tooth may ee) PS epee pe, ee stn rte 
calculated upon two bases ; the one by con-| YL — = { * No allowances for inaccurate 
sidering a static load to be sustained by the / ‘\ workmanship and 
tooth, and the other by considering the | / / \ atrenwen due to cen- 
horse-power to be transmitted. For slow- \ [| / \ trifugal action. A 
moving machinery, it is convenient to a) \ nvafe rule mw H P 
estimate the load which comes on the wheel 3 \ ppRN 


teeth, and to assume that this load is applied ¢ . where D 


| 
| 
| 
| yg od 
at the point of one tooth; the case is then - sf Se er 1000 


\ ¢ a 
treated as a simple cantilever loaded at the / | Legis! as enon 
outer end. If the teeth are badly made, or / lp Geile ‘Giteh. 
if the wheels are not properly adjusted on | / / ee ee heel 
the shafta, the load may come on one \ ; | / i; -awieehne. Ne apeed 
eorner of the tooth instead of being distri- / i at hial an sewolie 
buted evenly across the face. Many formule \ | / I “Sica minute 
in use deliberately assume such to be the | / / me per : 
case in ordinary work; but with modem |! // if The Wilfred 
machine-moulded or machine-cut gears there \ i ‘ Lewie Formula. 
is no neceasity to make such provision. The | Pig This is used largel 
number of teeth in gear at the same moment \/ eo” in connection wi 

-7 machine-cut 


will make a difference to the cursing 

capacity of a wheel; with large wh of It was introduced 

fine pitch gearing together, several tecth 97. THE aNGLE OF OBLIQUITY hy Mr. Wilfred Lewis 
3657 


Fast | 
Teeth. 


27 
30 
34 
38 
43 
50 
60 
715 
100 
150 
300 
rack 


at Philadelphia, U.S.A., in 1893. He assumes that 
the whole load is taken upon one tooth, and that 
the tooth is a cantilever loaded at one end. 
From a consideration of various sizes of involute 
and cycloida] gears he selecta the weakest cross 
section of each, and determines its relation to 
the pitch; then from these data deduces the 
formula W =SPFY, where W ia the load 
transmitted in pounds, S is the safe working 
stress per square inch in pounds, P is the cir- 
cular pik. F is the face of the tooth in inches, 
and Y is a factor varying with the shape and 
number of teeth. The values of Y and S are 
given in the table on this page. 

It will be noticed in the table that the involute 
is given as 20° and 15° obliquity ; the angle of 
obliquity is measured between a horizontal 
line cutting the pitch circles at their point of 
contact and »# line drawn perpendicular to the 
curve of the tooth, and being a tangent to the 
base circle. Fig. 97 shows the effect on the 
oe ee eae tooth due to an alteration in 

© angle of obliquity; the greater the le 
the stronger the tooth. A 20° obliquity pei 
a tooth radius of about one-third the pitch 
circle radius. 

When bay diene to be cut with Brown & 
Sharpe cutters the angle of 15° may be taken. 


Arme of Spur Wheels. These are made 
oval section [98}, cross section [99], or H section 
{100}. The first-mentioned is used for compara- 
tively light machine-cut gears, the second is used 
chiefly for gear wheels moulded from patterns, the 
third is adopted for machine-moulded wheels and 
for large and heavy gears. uently machine- 
cut gears are made with solid web plates without 
arma. The strength of a wheel arm may be 
caloulated in the same way that we dealt with 

















= 
8,000 | 6,000; 4,800 
20,000 | 15,000 | 12,000 












SAFE WORKING STRESS FOR DIFFERENT SPEEDS. 


1,800 | 2,400 
4,000 | 3,000 | 2,400 | 2,000 | 1,700 
10,000 | 7,500 | 6,000 | 5,000 | 4,300 


pulley arms. For the cross arm section the 
following proportions give good results : 
Thickness of rim (A) .. = ‘46 ciroular pitch 
Width of arm (B) = circular pi x 2 
Depth of rib (C) circular 


: 
i 
g 
: 


Thickness of boss (F).. 


+ 7m. 
The above dimensions apply at the centre 
of the arms, the taper being about } in. per foot 


either way. The number of arms in a wheel may 
taken as: 
Upto 1 ft.6in. diameter .. 4 arms 
Up to 8 ft. diameter ; 6 arms 
Above 8 ft. diameter 8 arms 


Ciroular 
Pitch. 


Diametral 
Pitch. 


3°1416 


xs GPa Sapo baht tegdap 


La 


1 
1 
| 
] 
2 
2 
2 
2 
3 
3 
4 
5 
6 
7 
8 
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The proportion for H arms may be taken as 
follows : 


Thickness of rim(A) = ‘375 circular pitch 

Depth of rib (B) A+0Ol pitch dia- 
meter 

Width ofarm(C) .. = circular pitch + -035 
pitch diameter 

Thickness of web (D) ‘375 circular pitch 


Thickness of flange (EF) t of breadth of tooth 
Thickness of boss (F) = of shaft diameter + 


in. 

The remarks concerning the taper and the 
number of arms for cross section arms apply 
equally to H arma. 
It will be noticed that 








than if both were flush, and in the case of No. 3 will cut wh from 
apreeriiny gear it facilitates the machining teeth, inclusive. oo eee os 
of the sides. ; No. 4 will out wheels f 
Cast goan ani requ abronded wp to the tents In ne whetse 
itch circle as , u as 102, or o. § will cut wheels 
Shrouded ially, or wholly on one side only; _— inclusive. a 
this adds 20 to 50 per cent. to the stren 
of the gear. A common device is to shroud a 
pinion, but not the wheel it gears with, this bein 
done to compensate for the ee atreng 
of the teeth at their roota. e thickness 
of the shroud may be one-third of the circular 
pitch. 

Split Geara. Sometimes gear wheels are 
made in halves for convenience of renewal. 
A typical example is given in 108, which. repre- 
sents a working drawing of a aplit spur wheel 
for an electric tramcar axle. It is neccssa 
both for railway and tramway rolling stoc 
to force the running wheels upon the axles 
with sufficient pressure to ensure their rigidity 
when n rae a 
curve at high s ; 
for if a shoei then 
slipped sideways upon 
its axle the vehicle 
would be instantly 
derailed. Now, when 
the wheels are #0 
securely fastened to an 
axle, it is very impor- 
tant that anything 
bet ween them shall be 
101. HaLF sHROUDEn emovable — without 

TOOTH disturbing them, and 
hence the dividing of 
the driving = spur, 
which is keyed to the 
axle between the two 
running wheels. 

Looking at the 
drawing 108, it will be 
noticed that a groove 
is planed across the 
jomt of one half to 
receive a register 
formed on the other 

102. FULL SHBOY'DED half. This relieves the 

TOOTH bolts from shearin 

forces while the " 
are being cut, and also from side pressures should 
they occur when running. Note the section cut 
on AB joined by a diagonal line for the con- 
venience of showing two sections not strictly 
in the same plane. In wheels of this nature 
it is necessary to see that they conta an even 
number of teeth, so as to divide properly without 
parting a tooth at the joint. There is no necessity 
to show all the teeth on the drawing. In the 
data sheen on the drawing for cutting the 
teeth D P of course means diametral pitch, 
whilet the reference to No. 2B and 8 cutter 
means a Brown & Sharpe cutter No.2. These $00. WHEEL WITH! BH BECTION ARMS 


cutters are made in numbers as follows: 
No. 1 will cut wheels from 135 teeth to a rack, No. 6 will cut wheels from 17 teeth to 20 








ineluaive. teeth, inclusive. 
No. 2 will cut wheels from 55 teeth to 134 No. 7 will cut wheels from 14 teeth to 16 
teeth, inclusive. teeth, inclusive. 


No. 8 will cut wheels from 12 teeth to 13 
teeth, inclusive. 

There are thus eight cutters required in order 
to cut a full range of teeth for any one pitch. 
It takes eight cutters to cut all involute 4-P geara 
having 12 teeth and over ; it takes eight other 
cutters to cut all gears of 5-P having 12 teeth and 
over, and so forth, each separate pitch requiring 
ite own set. of cutters. 

Cutters are made for cycloidal gear teeth, but 
ate not used to the same extent as the involute. 
They are made in sets of 24, and are lettered 


steel, phosphor bronze, raw hide, etc. The 
construction of raw hide is dealt 
with in the next lesson toge with helical 


teeth, mortise cogs, racks, bevils, screw gears, 


worms, etc. 
Speeds of Wheels. The relative speeds 
of gear wheels may be calculated in the same way 
as we did with belt pulleys by using the pitc 
circle diameters, except that there is no loes due 
to slip. We may, however, simplify the calcula- 
tions by using the number of teeth contained in 
a wheel instead of its pitch diameter. This is 
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A to X, instead of being numbered. This is done 
in order to avoid confusion with the involute 
cutters. Each set is applicable to its particular 
pitch only. 

Large spur wheels are built up in a similar 
manner to that described for large rope wheels, 
and chiefly for the same reasons. Gear teeth are 
also formed upon the rims of flywheels, etc., 


particularly useful when cut gears are involved, 
as their pitch diameters frequently run into 
vulgar fractions or decimals. 
As in the case of rope wheels, there is a limiting 
amy beyond which gears should not be run. 
t-iron gears should not be run above 2,000 ft. 
minute at the pitch line; cast-steel gears, 
5500 ft. per minute; small machine-cut gears, 
3,000 ft. per minute ; above these speeds, gearing 
becomes noisy in running, and the wesr is 
ve. 
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By HAROLD BEGBIE 


"THERE are two ways in which humanity has 

become accustomed to transfer thought from 
mind to mind. One is by the spoken word, and 
the other is by the written word. In the first 
case, the organ of hearing conducts the thought 
to the brain ; and in the second case, the organ 
of sight. 

Mental Telegraphy. It is now certain 
that in a third way thought can be transferred 
from mind to mind, and this third way has been 
carefully investigated by men of science, and has 
been termed éelepathy for the sake of she 
though the word does not sufficiently express the 
mystery. 

Frederic Myers, himself the inventor of the 
word, confesses in ‘“‘ Human Personality ” the 
inadequacy of his nomenclature: ‘The com- 
munication between distant persons is not 
a transference of thought alone, but of emotion, 
of motor impulses, and of many impressions not 
easy to define. 1 ventured in 1882 to suggest 
the wider terms (elasthesia—sensation at a 
distance—and telepathy—fellow-feeling at a 
distance. ... But I am far from assuming that 
these terms seb ir with definite and clearly 
separate groups of phenomena, or comprise the 
whole field of super-normal faculty. On the 
contrary, J think it probable that the facts of 
the metethereal world are far more complex 
than the facta of the material world, and that 
the ways in which spirits perceive and com- 
municate—apart from fleshly organismsa—are 
subtler and more varied than any perception or 
communication which we know.” 

But the term will stand, in the present state 
of human knowledge, as denoting all those 
puzzling ocourrences, familiar to everybody, in 
which ideas have communicated themaelves 
from conaciousnesns to consciousness, often over 
great distances, without mechanical means 

An Abeorbing Mystery. We would 
caution the reader against accepting any word, 
however successful its etymology, as the er- 
planation of a mystery. The term electricity 
does not in the smallest way explain the 
mystery of electricity, and the term telepathy 
does not explain the mysteries it attempts to 
denote. There are many le who dismiss a 
ghost story with the verdict that it is mercly a 
case of telepathy ; they do not pause to acknow- 
ledge that the manifestation of a ghost is not 
one whit more inexplicable than the telepathic 
communication of mind with mind over a great 
distance. 

Telepathy, one of the well-proven facts of 
psychical research, is an absorbing mystery. It 
opens up before humanity the vista of a new 
world, and gives promise of faculties and powers 
of which the most advanced of us have scarcely 


begun to dream . It is not a simple thing ; not 

a mere physiological explanation of aUperatitions 
Imaginings—it 1s a definite contribution to the 
study of the human mind, and one that seems 
to credit that mind with powers of an almost 
transcendental order. 

Telepathy Annihilates Space. For 
it destroys, in the first place, as between mind 
and mind, all idea of space. It does not 

esuggest, it actually proves that two minds may 

communicate instantaneously, though the one 
inhabit the weatern and tho othor the oaatern 
hemisphere. A son dying in the Himalayas 
may convey his last anguish to hia mother in 
Landon at the very moment of dissolution ; 
and not only his anguish, but the very wishos 
in his mind concerning the distribution of hin 
property—not merely frantic and unintelligible 
emotions, but definite and rational expressions 
of mind. 

As soon as the investigator has appreciatod 
this character of telepathy he is in a state of 
mind to follow the clue towarda the goal of know- 
ledge So long as he uses the terms wlepathy 
and coincidence merely an excuses: for his own 
intellectual sloth, or as shields for his own 
ignorance —not troubling to discover what they 
really signify—he cannot hope to make progress 
in his ideas. 

Now, the marvellous fact of telepathy is just 
this orderly transference of coherent thought. 
It would be wonderful if a child in its death 
agony should act upon the consciousness of ita 
mother at a grent distance so as to convinee the 
mother of its distress ; but it is something far 
more wonderful, and at the same time some- 
thing inspiring us with the assured hope that we 
are exploring a definite faculty of human con- 
sciousness, when we find the child in ita disastrous 
conveying calm and intelligible thought to its 
parent over thousands of mules. 

Let the investigator emphasise in hin mind 
that we are here dealing with a transference of 
thought. Thought, according to physiciata, is 
& menta! process, a cerebral action, a physical 
exertion; it is a movement of the brain; it is 
an exertion of physical energy ; it in a definite 
and certain operation of the material brain. 

The Dying Soldier's Message. Now, 
there are endless instances in the records of 
psychical research wherein coherent and un- 
emotional m es have been reeeived by 
people from thoue dear to them at moments of 
supreme crisis. A dying solider in South Africa 
narrated to hin sister, by means of automatic 
writing, at the very moment of hin decease, the. 
manner of his dying, the names of comrades why 
held him when he fell, and expressed his wish 
that these two men—utterly unknown to the 
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sister—should receive certain gifte out of his 


as keepsakes. Tho story is explained 
eas us h by the intellectually al lasa 
case of ‘‘telepathy.”’ But how 


answer us when we venture to point out that a 
tleman in South Africa, with a bullet through 
is spine, with his nerves torn and lacerated, 
with his life’s blood flowing from him in a 
ceaseless gush, is hardly in a position to give 
an unemotional picture of his plight to a lady 
in London, and to make a rational disposal of his 
eeper ty | Profound thought—or, shall we say, 
onest thought ?—must convince the fair-minded 
that we are here fumbling at a new door in human 
experience, opening upon what wonderful fields 
of human enterprise we dare not venture to 
imagine. 

Proof of the Soul. The great work of 
Frederic Myers in this particular mri gra 
of Savchical reaeartl proves, we think, beyon 
all question the existence of a spirit, or, in 
other words, proves the world-old faith that 
man is a He points out that in cases 
of this kind we have two distinct factors— 
the agent, or the person who transmits the 
message, and the perctpient, or the person 
who receives the message. Now, the agent 
must first manage his own brain, and at 
the same time manage the brain of the per- 
cipient. The materialists have not yet got so 
far in their positivism as to tell us how this 1s 
done. We are left by them to inquire how the 
agent works in his own organism, and how he 
works in the organism of others. The dying 
soldier in South Africa, according to this theory, 
atranges the mechanism of his own brain for 
the transmission of a message, arranges the 
mechanism of his sister's brain for the reception 
of hia message, and then, somehow or another, 
transmits it. We need scarcely pause to point 
out the enormous demand which this hypothesis 
makes on our credulity. Finite matter, which 
somehow or another has become conscious of 
itaclf, is able so to direct and influence each 
moleoule of the cells of which itaelf is com- 
posed—is able to exercise, in Myers's own 
phrase, ‘selective guidance of each individual 
molecule '’ ; and by some movement within itself 
is able to influence another lump of self-conscious 
matter six or seven thousand miles away with 
intelhgible impressions and rational 
Let him who is able, believe. 

The Working of the Brain. The inquirer 
will notice that in many casea where thought- 
reading or thought-transference, as practised by 
** profeasora,'’ has been put to the test, it has failed 
to convince its examiners. Myers, Sir William 
Crookes, and Sir Oliver Lodge have all seen ex- 
eriments which convince them of genuineness, 

ut there are innumerable instances of half-and- 
half success, and innumerable instances of com- 
plete and utter failure. 

We find in this a reason for hoping that 
telepathy is an od ga of spirit. The 

oO can consciously direct 
telepathic 


number of peo 
their brains * message 
le who have 


80 an to effect a 
is small; the number of 

unconsciously received telepathic messages of 
2842 


ires. 


the most important nature is very large. It. 
seems to us that, at the moment of ution. 
or in any moment of grave distress, the auto- 


matic working of the brain ceases, and the 
perturbed mind clashes on discordantly, while 
the spirit frees itself to express itself ogg 
Myers speaks about ‘the achievements of will, 
as it shakes itself free from the limitations which 
are but shadows as contrasted with ita own 
reality.” 

Claime for Telepathy. This is really 
the clue to the mystery of telepathy—the will. 
At present we are uninstructed in the exercise of 
the powers of the will. “The mind of the 
mind,” as Richard Jefferies expressed it, remains 
untaught. But telepathy does suggest that we 
are on the verge of discovering some definite law 
of the will. Consciousness is not so much 
memory as it is will—that summing-up of per- 
sonality, that fifth essence of character, which is 
the individual of every human form. gk hang 
research is here found pressing upon physical 
science the importance of examining human per- 
sonality, and of ex loring the secret places of 
consciousness. She claims for telepathy the place 
of a fact in the universe, and ee philosophers 
whether such a fact can profitably be ignored. 
It is not a question of this man or that man argu- 
ing from telepathy the proof of a soul; it is a 
question of fact. and the work of psychical re- 
search in this respect is an emphasis of the fact. 

Tn conclusion, we recommend to the student 
e careful perusal of the Report on the Census 
of Hallucinations, made by a committee of the 
Society for Psychical Research, which included 
in its numbers Professor and Mrs. Sidgwick, 
Dr. A. Myers, Mr. F. Podmore, and F. W. H. 
Myers. It will be found from this report that 
there is at least ample evidence to support the 
general theory of telepathy, if there be not suffi- 
cient elucidation to give to the term telepathy 
a significance which it sadly lacks in the mouths 
of the unregenerate. 


Hypnotiem. As s00n as people perceive 
that psychology is the science of the outside 
of the mind, they become favourably inclined 
towards hypnotism, which is the science of the 
inside of the mind. If an intelligent savage 
were to see a motor-car for the first time, he 
might come to some more or less useful con- 
clusions concerning it by careful observation 
of its behaviour; but until he had explored 
the interior workings of the engine he could not 
possibly be said to understand a motor-car. 
Paychology is the science of observation of 
the mind as it manifests itself in its operations. 
All its distinctions between the subjective and 
the objective c us but a little way in our 
inquiry as to the absolute reality of mind. 
By studying the figures on adial and the move- 
ment of the hands we learn from a clock nothing 
but the orgs ¥eychology, as distinct from 
experimen chology, is a purely empirical 
a nade An cart ce of the mind ast 


have am its methods some process of din- 
secting analysing a vital brain. Such a 
process, we contend, is to be found in the 


In a Hypnotic Hoepital. Hypnotism 
has become #0 confounded in the public 
mind with the grosser nonsense of meamerism 
that it is neceseary to point out that the hypnot- 
ism of which we are now speaking is the 
hypnotism of the medical man as it is prac- 
tised in French hospitals and by some of 
the leading physicians in London. Let the 
reader take his stand, as Myers says, “at one 
of the modern centres of By Emote practice— 
in Professor Bernheim’s hospital-ward, or 
Dr. van Renterghem’s clinique; let him see 
the hundreds of paticnta thrown ely into 
hypnotic trance, in a few moments and as a 
matter of course; and let him then remember 
that this process, which now seems as obvious 
and easy as giving a pill, was absolutely unknown, 
not only to Galen and to Celsus, but to Hunter 
and to Harvey ; and when at last discovered 
was commonly denounced as a fraudulent 
fiction, almost up to the present day. . . . 
Mesmer’s experiment was almost a ‘fool's ex- 
periment,’ and Mesmer himself was almost a 
charlatan. Yet Mesmer and his successors— 
working from many different points of view, 
and following many divergent theorice—have 
opened an ever-widening way, and have brought 
us now to a position where we can fairly hope, 
by experimenta made no longer at random, to 
reproduce and systematise most of those pheno- 
mena of spontaneous somnambulism which once 
seemed to lie so tantalisingly beyond our graap.” 

We Hypnotise Ourselves. ypnot- 
ism, as practised by recognised mon of science, 
consists in, first, the removal, ae far as posable, 
of normal consciousness, and then the sugges- 
tion of an idea to the secondary conaciouances. 
We say the removal of normal consciousness 
as far aa poastble because in’ many cases 
such hypnotists as Dr. Milne Bramwell convey 


their suggestions while the patient remains 
convinced that he has not been hypnot- 
ised at all. In most cases, however, a deep 


trance is induced—so deep that the patient's 
mind is entirely emptied of its worries and 
ale and is free to receive and to lay 
old of any suggestion which is offered to it. 
And yet, be it noted, hypnotism is practised 
by everybody in the ordinary acts of auto- 
suggestion which make up #0 large a part of 
that conversation which consciousness holds 
with iteelf. You cannot offer your mind an idea 
without, in some measure, hypnotising yourself. 
The Twofoid Service of Hypnotiam. 
The services of hypnotism are twofold— 
first, as a curative agent) and secondly, as a 
means of enlarging the borders of psychology. 
To take the first service, that of pathological 
hypnotism, we find endless cases of people 
freed from distressing mental disorders, other- 
wise incurable, by the healthful suggestions of 
the hypnotist. In old days, a person suffering 
from an obsession, or being driven towards 
insanity by a ghost of his own conjuring, was 
given a tonic by his physician, and “biden to 
on a voyage and see what that would do for 
Fim. Today he is sent to the hypnotist, who 
induces in him a state of hypnosis, or trance, 
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and then tells him that his obsession is delusion, 
that nothing threatens him, that he is perfeotly 
well, and that he must constantly inform him- 
self of this fact when he issues from hia trance. 
The patient is restored to conaciouaness, knows 
nothing of what has been said to him in trance, 
and goes away to find hin obsession gradually 
fading from hix mind. The hypnotist, be it 
particularly noted, has not imposed his will 
upon the patient; he has merely called into 
activity the patient's own healthy impulses. 
Hypnosis, as Dr. Bramwell has pointed out, is 
not due to any mysterious force or fluid emanat- 
ing from tho operator ; the condition is a sub- 
jective one: the operator calla into action 
powers which arv latent in the brain of his 
patient. 

Two Definite States of Conecioue- 
nese. The services of hypnotism as a means of 
enlarging the borders of paychology have next 
to be considered. As we said at the outset, 
hypnotism is the only means we of 
analysing a vital brain. When hypnosis has been 
induced, the patient is not properly unconscious ; 
hix normal consciousness has been removed, his 
secondary consciousness is in action. You may 
speak to a patient and he will answer you. You 
may discuss a problem with him, ask his opinion 
of a sonata, or discuss his opinion of his own 
normal consciousness. His answers will be per: 
fectly rational and intelligible ; he will asiak ul 
himaelf—that is to nay, of both his normal and 
his secondary consciousness—in a manner which 
exhibits perfect knowledge of both. But when 
hypnosis has passed he is unaware of what ho 
has said, and cannot remember that he has even 
apoken in his trance. That in to say, while his 
secondary consciousness haa an intimate know- 
ledge of his normal consciousness, his normal 
consciousness is completely ignorant of the 
secondary consciousness. = 

No words can cxaggerate the importance of 
this eashapiat No book of psychology can hope 
to throw light on the system of mind which 
does not take account of these two definite states 
of consciousness. Instead of a mind exprensed 
in consciousness, we have a mind in which normal, 
or waking, consciousness plays but a meagre part, 
and in which a secondary and unapprehended 
form of consciousness plays a large part. Instead 
of regarding consciousness as the mind in action, 
we have to look upon it as a fragmentary and 
v imperfect form of the mind’s gencral 
activity. 

The Mystery of Suggestion. There 
are many familiar legenda concerning the 
cure of diseases which at onco suggest them- 
selves, in the light of hypnotic knowledge, as 
cases illustrating the power of auto-suggenstion. 
The miracles at Lourdoa, the healings of Christian 
Science, and the legends of King's Touch—all 
have, in this light, a rational explanation. But 
they serve a more useful purpose than acting sa 
mere illustrations of atheory. They force us, in 
an extromely suggestive manner, to apprehend 
the mystery of what we call gulo-augges- 
tion, If | have a toothache I naturally wish that 
I should not feel the pain, but wish as I may, 
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the os. Why, then, am I to believe that 
the sae of the. h ist will be sufficient 
to remove the pain which my own suggestion is in- 
capable of affecting ’ Now, when we notice that 
in the case of the Lourdes miracles and in the 
cade of Christian Science healings pain is un- 
doubtedly removed, we perceive—without in any 
way committing ourselves to the hypothesis of 
the miracle—that an ecstatic rbation, or @ 
violent and intense emotion, the power to 
effect on the physical organism results which 
ordi eation fails to acoomplish. This 
leads us to the conclusion which Dr. Bramwell 
himself holds—although combating ita inference 
—that suggestion is not sufficient of itself to 
account for the effects produced by hypnotism. 
Suggestion does, in persuade—powerfully 
pices mind, but suggestion without 
ypnosis, or some other influence of a super- 
normal kind, is not sufficient to account for the 
revolution in tastes and morals, the entire change 
of habita and dispositions, so effectually induced 
by the hypnotist. 

A Man Performe hie own Miracles. 
But if we accept the definition of suggestion 
given by Myers os the success{ul appeal to the 
subliminal self, we are in a position to explain, 
at least tentatively, the cures of the hypnotist 
and the miracles of Lourdes. In the case of 
Lourdes the patient who 1s cured is generally of 
a hysterical or of a very simple nature; he 
believes implicitly what he is told ; he is con- 
vinced that the water will miraculously cure 
him. His ecstasy sweeps away, more and more, 
the troublesome normal consciousness, until at 
last, when he reaches the holy waters, normal 
consciousness is in abeyance, and all the avenues 
to hia soul are thrown wide open to the influences 
around him. So in Christian Science a formula is 
given which gets md of the sceptical and dis- 
criminating normal consciousness, and slowly 
makes a way to the higher faculties of being, 
which exercise a far greater control over the 
mind. The higher and the more spiritual the 
faith, the more probable the miracle Ifa 
man can persuade himself that a chip of wood 
is a piece of the Holy Rood, and that it is 
efficacious in all sickness, he may cure himself 
of disease. 

Myers was led to perceive by very careful 
observation of these “ miraculous healings " 
that ecstasy in some furm is a common feature 
of will cures. This led him to think that 
hypnotism, without knowing it, made possible 
by hypnosis that successful appeal to the 
subliminal self which is in truth the agent of 
cure in every case—religious or therapeutic. 

The student will study for himeecif the evi- 
dence on this subject, and will decide how far 
Myers was justified in his theory. It remains 
only to say that, whether any theory can yet 
be substantiated by the evidence re us 
or not, the facts of hypnotism are in them- 
selves a definite and revolutionising contribution 
to the study of the human mind. It is in this 
attitude that we would present i apres to 
the reader as a subject worthy his most 
devoted attention. 


The Higher Problems of Life. To 
®- young community, such as a colony strug- 
gling to create itself anew after the ravages 
of war, life seems to present to it no other con- 
cern than the material objects of existence. 
Even in old and settled countries there are 
people who can conceive of life as nothing more 
valuable than the opportunity for spr ila 
sanitation, devising new forms of taxation, an 
amending the acts and by-laws created by their 
ancestors. 

But as soon as a man’s life becomes more or 
less ordered, and he has advanced some way from 
the forest necessity of a struggle for existence ; 
as soon, we mean, as a man has no resi about 
his raiment, his nourishment, and his lodging, 
he begins to perceive that life presents to his 
intelligence certain important problems which it 
obviously behoves him to solve if he would live 
a rational life. 

He must know, in the first place, what he is. 
He must know, in the second lack, the object of 
his existence. And, in the third place, he must 
know what are the effecta of death upon his 
consciousness. It will seem to him at the moment 
of this apprehension that life can scarcel 
have a more splendid occupation for his intell- 
gence than a solution of these problems. Instead 
of appearing before him mistily and uncertaunly, 
as the by-play and the hobbies of existence, they 
will appear to him the grand objects of life, 
beside which the struggle for existence is the 
mere passion of youthful barbarism. 

The three great riddles, ‘What am I?” 
“Why am I here?" “ What happens to me at 
death ?’’—have teased the intelligence of man 
from the earlest dawn of consciousness. The 
answers have been so various as to confuse the 
questions, and it is only now, with a definite 
procedure of science at our hands, that we are 
able, first, to dee the questions in ther true 
significance, and, secondly, to approach them 
with the definite hope of their solution. We have 
reason to believe that the questions are not vain, 
and that it is the end of human inquiry that we 
should reach their answers. 


Are the Materialists Honest with 
Themeelves ? It must sometimes strike 
us when we are reading a book about the 
brain how oddly we are constituted, since 
the brain is here found reading about iteelf 
in the fond hope of discovering what it is! 
One knows not how the materialists feel when 
they are composing these books ; but we must 
suppose them to sit back in their chairs now 
and then, and wonder how it comes about 
that the lump of matter which we call the 
brain is able to write so learnedly about itecif 
without in the least un ing what it all 
means. It seems at first sight that these men 
cannot be honest with themselves, that they 
cannot definitely believe that the facts 
on their manuscript, ; i 


writes about the brain; the brain reads about 
train; and the more we absolute! 

brain ae this handful of matter the more 
we amazed at the position. 


Man is More than Matter. A very 
little inquiry into the labours of men who 
ha set ives to answer the 
riddles of existence convinces us 

deali 


‘brought back sufficient illumination to convince 
us that man is something more than a material 
being, and that his imagination and his genius 
are something more than the by-products of 
accidental evolution. 

There is one point in the methods of these 
men which differentiates them completely from 
the pronounced materialists ; and it is a point of 
such importance that we would particularly 
beg the reader's attention for it. In reading the 
gospel of materialism the student will perceive 
that physical science postulates in ita study of 
humanity, a type of being so rare that we might 
almost be excused for doubting that he existe 
at all. Man, we find, is habitually spoken of 
by materialists as a vigorous creature, judging 
from effect to cause, from cause to effect, free 
from all superstitions, his mind working with 
the handsome regularity of a steam-engine, his 
processes of thought running evenly, hia emotions 
—if they ever venture to manifest themselves 
at all—revealing themselves only in the moat 
orderly and pious fashion, one, in short, whone 
brain is absolute lord and master in the house, 
and whose digestion can account for any trivial 
aberrations in sleep which may from time 
to time disturb the unbroken sway of his 
intellect. 


Hysteria and Ineanity in reading 


the 1 of hical research, on the other 

, the s t finds a wiser science which 
sets up no perfect man as the norm of the 
race, but which seeks for humanity where 


PRONG 


Great Men on Great M In 
closing, we would draw the ‘a attention 
to a few conclusions which have been arrived at 
on these great riddles by men of eminence. 

In Reid a “ Essay on the Intellectual Power 
sa herr ai ed “I = a Sout, I am 

ion, | am not feeling; I am some- 
thing that thinks, and acts, and suffers. My 
thoughts and actions and feelings change every 
moment; they have no continued, but a 
successive existence ; but that self or J to which 
they belong, is permanent, and has the same 
relation to all succeeding thoughta, actions, and 
feelings which I call mine.” 

In t's “Werke,” we read: “It 1s thero- 
fore as good as demonstrated, or it could easily 
be proved if we were to enter into it at some 
length, or, better still, it will be proved in tne 
future—I do not know where and whon—that 
also in this life the human soul stands in an 
indissoluble communion with all the immaterial 
beings of the spiritual world ; that it produces 
effects in them, and in exchange receives impres- 
sions from them, without, however, becoming 
humanly conscious of them so long as all is well. 

Dr. Alfred Russel Wallace says: ‘‘ My posi- 
tion is that the phenomena of spiritualism 
in their entirety do not zequike further confirma. 
tion. are proved quite as well as any facts 
are proved in other sciences This bein 
the state of the case as regards evidence an 

. We ate fully justified in taking the facte 
of modern apiritualum (and with th m the apiri- 
tual theory as the only tenable one) as being fully 
ontablished,"’ 

An Intelligible Basie of Life. Sir 
Oliver Lodge says: ‘The mystery of incar- 
nation and of gradual development, of the 
persixtonce of exiatonce beyond bodily death and 
decay, and even some glimmerings of the posible 
meaning of the vague dream of so-called 
reincarnation, all become in some sort intelligible 
on a basis of this kind—the basis of a full and 
never wholly manifested persistent self, from 
which pertodically sprouts a terrestrial mani- 
festation, though never quite the same. Each 
terrestrial appearance flourishes and assimilates 
mental and moral nutriment for a time, and the 
result of cach is incorporated in the constant 
and growing memory of the underlying, support- 
ing, but inconspiouously manifesting, and at 
present barely recognised, fundamental self.” 

Frederic Myers writes: “ Spiritual Bvolution ; 
That, then. stir cpniee At ool ie and other 
worlds—an evolution gradua many grada- 
tions, and rising to no assignable close. And 
the passion of life is no selfish weakness, it is 
a factor in the universal energy. It should 


keep its unbroken even when our 
weariness to fold the hands in 
slamber ; it 





THE pure breeds of dairy cattle which may be 
to those of any other country ; indeed, with the 
ana ee brat ged esa 
described as Dutch, the cnet of Swit 
and the dairy cow of Normandy, all of which are 
wach ates oie oaual'tw tas Soe ol 
are a i ual to to 
our native a sarel varieties that 
we have named, however, although large pro- 
ducers, yield milk which is only of moderate 
quality, it hoo eapecially applies to the Dutch 


cattle, two varieties of dairy 
cow, the J the Angeler, both useful and 
economical, while the own an excellent 


race in the Fiamande; but these, again, can 
scarcely compare with the cattle of the British 
Inlea, or with the best of France and Switzerland. 
Improvement of Breeds. U ily, 
in all countries the majority of the oows kept 
by farmers are of impure chiefly crosses 
or “scrubs,” which have been carelessly bred, 
and in many cases careleauly reared. 
purity of breed be maintained or not, in order to 
achieve success in the dairy farming industry 
it is essential not only to maintain, but con- 
stantly to improve the miik- ualities, 
and this can aed be accomplished i 
ferm stock, both sire and dam, whi 
essentially deep and rich : 
fact may be illustrated in the f : 
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DAIRY CATTLE 


Importance of Careful Breeding. Our Principal Native 
Breeds, their Characteristics and Yields of Milk and Butter 
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By Professor JAMES LONG 


generation to a bull with milking blood in his veins, 
they would systematically produce offepri 
degree the qualifications which their sires possess 
ifications whic ir sires ; 
It is for a similar reason that the constant employ- 
ment of Shorthorn bulls, which have practically 
no inherent value oki ep the production of 
beef, while improving size, form, and 
producing qualifications of the stock to 
they become aire, fails to impart the 
ii Miler ole fsger ay malterdnartnagetd 
the great rrr f of farms cal 
from time to time which are of little or no 
or 
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The Good Milking Cow. It is desirable, 
however, that we should not be mistaken es 
suggesting that milk is the only qualification 
in a cow. She an intrinsic value 
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* Average at Park Royal, 10905. 


The Dairy Shorthorn. This 1, per- 
haps, the most popular of dairy cows with the 
farmer. It is in this country regarded as a 
general purpose cow, the largest producer of 
milk, and capable on an emergency, or when 
milk uction fails, of producing a heavily- 
meated carcase. There are Dairy Shorthorna in 
this country of the highest type—superior to any 

neral purpose cow in existence—and we 
Believe t it would be possible by careful 
selection not only to beat the choicest stook of 


best to be found, to produce animals whi 
equal the Jersey from the point of view of the 
quality of milk. Although the avernee fat per- 
centage is not high, there are in every important 
competition, such as the annusl contests at the 
National Dairy Show, Dairy Shorthorn cows 
whose milk contains from 4 to 5 per cent. of fat. 
Henoe, the inherent capabilities of the breed are 
~— greater than they are generally supposed 

The Dairy Shorthorn cow has deep, straight, 
and ide buttocks, ® long, narrow head, sur- 
mounted by fine horns, usually curved inwards, 
8 white muzzle, slender shou » & capacious 
» fine skinned, silky udder, 


5 


abdomen, and a 
provided with fairly teats, placed wide apart 
each way, and carried well forward under the 


United States the pedigree Shorthorn is one of 
the popular breeds, but the Shorthorn 
and the great itions in Chicago and Bt 
and the great compet in Chicago , 
Louis have proved that American farmers have 
little knowledge of the ga, rien of our great 
native milking cattle. following tablea 
show their great capacities 


YIELDS OF MILK BY SHORTHIIORNS AT 
THE LONDON DAIRY 8HOW 


Owner and Cow { In 24 hours, 


Mr. Bonater's Non-Pedigree 


Shorthorn 
rh ann Madel Mary 
r. rt Merry's M 
Mr. George Long's Red 
Queen ‘ ; ; 
Mr. gkeppy's Model Maid . 
Mr, Stanhope’s Wibby 





Owner and Cow 


Mr. Birdaey's Honesty 
Mr. Meorry's Molly 

Mr. Morry's Daisy oe 
Mr. Merry’s Boatrico .. 





AVERAGES AT THE DAIRY SHOW MILKING 
TRIALS, 1899-1004 
Pounds of 


Per cent. | Pee cont, 
Fat 


Milk per Cow. 


46'3 a°73 





Between 1896 and 1000, 106 Shorthorna were 
teated for butter at the Dairy Show They av 
60$ days in milk and 111 ox, of butter per day, 
requiring 28°8 lb. of mill for the production of each 
Ib. In the four following yenrs the avoeragos were 
almost identical. 

At the Royal Show at Derby, in June, 1906, 
Mr Evone'’s Linooln Red (Burton, éat.), 6 years old, 
ave 64 Ib of milk, and Mr. KR. Shelton’s 
horthorn, Ledy Mainstay, 8 years old, 7 gal. of 
milk in 24 hours—the latter producing 3 tb. 4 os, 


f butter. 
. The Devon. The Devon dairy cow (3] is 
mellow fleshed, and in many instances sym- 
perfect in thin 


metrically formed, but she is 


res the Devon of the showyard, which 
is bred for beef production, and wanting in those 
finer pointe which characterine the periect dairy 
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The Red Poll. A good milking cow of this 
breed possenses a long head quite devond of coarse- 
ness, somewhat slender neck and shoulders, a 
capacious abdomen, square quarters, deep body, 
breadth across the hips, and a somewhat t 
fore-quarter ; the udder resembles that of the 
Shorthorn. The following measurements are of 
» first-prise cow of that breed Height of hipe, 
50 in.; length, 62in.; girth behind the shoulder, 


76in.; width across hips, 20 in. ; hip bone to tail, 
ot Nas Although the average quality of the 
milk is sca eae there are many cows which 
of fa: 


containing still larger proportions 














YIELDS OF MILK AT THE LONDON 


DAIRY SHOW 









1903 | Lord Rotha hild’s Hastor 
Glosa 


Mr. Barnet'a Huth IV. ef Ol 

Lord Rothachild’s Honest 

BUTTER PRODUCTION AT THE LONDON 
DAIRY SHOW. 

From 2805 to 1900, 30 cows wero tested Thoy 
blag 00} days in milk, and 1 Ib. 43 oz. of butter 
per ~ In the following four yoare the weight 
of butter varied from 1 Ib. to 1 Jb. 6) o2., requnng 
from 26§ ib. to 30} Ib. to produce each Ib. 





No. of 
Cows. 


wile per Cow. 
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Instead of hanging or being 
ae it 18 comparatively 
at, sometimes no deeper 
than the base of the abdomen, 
but it is broad and long, and 

provided with four small 
teata, which fit it for female rather than 
for male milkers The breed should be more 
generally encouraged in England, although it 
us probable that lish farmers object to it 


Wantor 


on account of its bemg but little ada to the 
production of beef. The Ayrshire is found in 


perfection in the South-West of Scotland, chiefly 
in the two great cheese-producing counties of 
Ayrshire and Wigtonshire, where herds ocon- 


hips, 50 in. ; , 84m ; girth behind shoulder, 
ie, a 3 width across hips, 18 in. ; hip bone to 
au, 18 in 


In the milking trale of 1889 four Ayrshire 
averaged 473 Ib. of milk conta: 3:7 per cent. 
of fat and 9-2 per cent. of other sohdsa. In 1901 
four cows averaged 42°3 lb. eontaming 3-4 per cent. 
of = ei 8-9 Per ogre sick rege ‘ 

n the years to 1900, eight irea averag- 
ing 52 daya in milk averaged 1 tb. 13} oe. of butter, 
each Ib. requiring 26°35 Ib. m ites On. 


The Jersey. The Jersey is at 
most elegant of our native breeds, 
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part. The 
prominent, the-tail black and long. 

yellow and rich in the most e 
the ears, inside the thighs, and the 

The Jersey is a remarkable mik and 
producer, and the few selected examples 
ill furnish some idea of her capacity. Baron's 
Progress, London champion (1889) gave milk 
containing 7°94 per cent. of fat in the morning, 
and 8°55 per cent. in the evening, producing 
3 Ib 5 oz of butter in a single day. 

Between 1895 and 1900, 126 Jerseys, averag: 
99 days in milk, uced an average yield o 
1 Jb. 10} oz. in the 246 hours, 1915 Ib. of milk 
being required in the production of each Ib. I[n 

Ib. 11 ox, of butter, each 
Ib. being obtained from 18°12 Ib. of milk In 1904, 
12 cows in milk 117 days gave an average yield of 
1 Ib 13} os. of butter, each Ib. being produced 
from 19-6 Ib, of milk. 
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AVERAGES ae THE DAIRY SHOW MILKING 


RIALS, 1899-1904 





Not only is the milk of the Jersey rich, but it 
is remarkable for the large s1ze of ite fat globules, 
as well as for the extraordinary richness of its 
colouring, which, like that of other breads, 
more marked when the cows are on the pastures 
in summer. Much has been done in the Island of 
Jersey, from which all our stock 1s derived, as 
well as in England and America. In the latter 
country there are many public tests of remark- 
able cows, and the ees of these animals are 
often accompanied ures showing the actual 
yield of butter by the dams and the grandams 
during a given period. As the Jersey has 
little economical value apar cores 
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oo mary folael, omental profi 
vine er ® continues to milk, 
of her days her carcase 


market, for the reason that the dealer ia un- 
willing to pay for it in proportion to its value. 
It not only produces more butter per 100 Ib., 
but more chevse, . contrary to the belief 
of the tical man, it produces better cheear, 
ae e rita hp far rainy texture and 

vour to that of any other » the Guernsey 
excepted. Bis 

Dr. Watney's herd, mombers of which have 
reached 550 Ib of butter in a year, has reached 
an average yield per cow of 450 Ib 

Measurement of Baron's Progress Height 
of hips, 50 in; length, 87 in , girth behind 
shoulder, 72 in. ; width across hips, 56 in ; hip 
to tail, 20 in. 

The Guernsey. This famous cow [4] is one 
of the chief products of the wland from which tte 
name is derived. Her colour 14 orange, or orango 
and white She is heavier, larger, and coarser 
than the Jersey, and her lines in consequence 
leaw finely drawn. The quality of her milk is 
practically equal to that of the Jersey It 
produces butter and cream of smuilar character 
and colour, and 1s age Mica adapted to the 
manufacture of checs. © average Guernsey 
is of a fleshier type than the average Jermey, but 
the lightly-clad cows, when symmetrical, are 
preferred by the judges in the showvard. Tho 
akin is fine and soft, the body deep, the loins wide, 
and the fore- quarter slender in the best examples ; 
but, taking the breed as a whole, it is lean elegant 
than the sister variety, although occasionally 
cows closely x got ee mn quality to the 
best Jerseys. e calves are better adapted 
for veal productiun than those produced by Jersey 
cows, and although some admirers have produced 
excellent steers, it is doubtful whether a net 
profit has been reslwed upon their sale, Ocoa- 
sionally wonderful producers of milk and butter 
have appeared on the scene, and the follow- 
ing instances show that there is inherent 
power in the breed, that in less ardently culti- 
vated than the Jerasy, which in this country, 
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SOPRA NERS. 
as in America, has an exceptional society of 
admirers behind it. 
In the United States, Guernseys which have 
heen officially tested have in sper Capea given 
, producing 


from 1,200 to 1,400 gallons of m 
from 620 Ib. a art Ib of butter in @ year, 


whils in the Island averages of 1,200 gallons in . 


emall herds are not uncommon. 


Between 1805 and 1900, 23 G e 
74% days in milk, averaged per day tb es i 


I ° 
butter, each lb. being obtained from 21°38 lb. of milk. 
In later years thence figures were both increased and 
diminished, for the number of competitors was 
amall, 


AVERAGES AT THE DAIRY SHOW MILKING 
TRIALS, 1899-1904 


Pounds of 
Milk per Cow. 


Bienes Mee er a) 






The followmg measurements are of a 24-year- 


old besfer which was a London champion : Height 
of hips, 50 in ; length, 
86 in.; girth behind 
aboulder, 72 in.; 
width across hips, 
18 in.; hip to tail, 
18 in. 


of Southern Irelan 

where, however, it 
not seen to the best 
advantage. lta small 
size no doubt owing 
to the fact that it 
has been practically 
ee made 98 on th e 
mountains of the 
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of a very low order until its venue is changed 
and it is ie inte like other cattle, with liberal 
quantities proper food. i 
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animals, the wes believed to have 
packed a hllee woe Gor a ees eene 
note. a Ee 
land, where the ia much superior. 

Kerry is black, or with a littl white. 
Sen ee en ee ee 
im body, ag al, jpg ate pep 
bere’ gamely carved The, propertce 
of the adapt it to the requirements of 
a oe, = Se ‘walliciont saffk 
so at Maes order at ta is not a butter 








Poundsof { Per cent. 
Fat. 


Cows. sassadacced 


The Dexter. The Dexter [5] has no counter- 
part among any British breed as regards either 
size or form. It is wholly black or red ; a little 
white on the udder, along the inaide of the flank, or 
underside of the belly, or on the tassel of the tail 
is allowable. The 
head 1s broad and 
short, tapering to the 
muzzle, which is 
large; the neck is 
short, deep, and 
thick, the shoulders 
wide apart, the hips 
— : he Ames 

eep and well sprung ; 
the body well ribbed, 
the under loin straight 
and the udder placed 
well forward, showing 


b entos 


pousi 
moderately thick, having an inward and aligh tly 
upward curve. The skin is soft and mellow, 
but not too thin, while the hair is fine, abundant, 
and silky. The bulls should not exceed 900 Ib. 
in weight, and the cows 800 Ib. The real origin 
Se ee ee aleve 
to 


has been purchased she is in 
usually in milk or in oalf, or both. 


and ke isa should be possible 
recognise of the ca i 
h the back P the index finger and the ball 
the thumb rather low down in the abdomen 


low the hips on the right side. The fact of a 
being dry is presumptive evidence that she 
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cow 
has been dried for calving, but the calf may be 
felt before drying off by an expert as early as 


the fifth and sixth month after service. A cow 
in season indicates the fact by her excitability, 
and by other ot which every stockman under- 
stands. The skilled are aware what course to 
pursue, but in the case of the unskilled we 
strongly urge that when it is intended to breed 
from a cow thought should be given to the 
matter before dincidins by what bull ahe should 
be crossed. It is far more economical to employ 
8 suitable bull of a deep milking strain, and to 
peye guinea for service, than to use a nondescript 
without any payment whatever. In the 
way, @ milking cow should be dried 
six weeks before she is due to calve. In drying 
a cow, the milker commences by omitting a daily 
milking for a few days, and then by omitting to 
milk altogether. Some cows continue, in spite 
of all precautions, to milk right up to calving. 
with the result that the fotus is starved, and on 
ite appearance is usually weak, fragile, and 
undersized. A week or two before calving — 
or when, owing to her breed or history, milk 
fever is anticipated—a cow of a fleshy breed 
should be scantily fed that her condition may 
be reduced. If she be turned out, a poor 
pasture wil) serve the pu best, without an 


addition to her ration. If she is being atall-f 
cake and meal should be omitted, a t ration 
of hay alone being provided, and should 


have plenty of exercise. 

ving. When calving is near the cow 
should be watched and kept untied night and 
day, cither on a pasture or in a loose-box. Some 
farmers would milk her every night to prevent 
her re before the rae but this p'an 
is not infallible. Sometimes, after calving, the 
** placenta,” or after-birth, refuses to pass. This 
is a troublesome and sometimes 


tion, and it may be necessary to strip it, or 
attempt to strip it, every couplo of hours 
the day in the effort to remove the material or 
cause of stoppage. The loss of « teat is serious, 
for if it does not actually involve the loss of a 
full quarter of the milk which the cow should 
ve, it diminishes her saleable value. Should 
d manipulation fail, the valf should be tried. 
In the way, a calf will succeed where 
man does not, suction being powerfully brought 
to bear. Should there be no good result from 
either course, a silver tube must be obtained, 
and after lubricating with oil, very carefully intro- 
duoed into the duct of the teat. Thu will usually 
pase sufficiently far to enable the milk to flow, 
t the passage may close again unless the 
greatest possible vare be cxercised. Anothe: 
trouble is the hardness of the udder, which may 
arise from one of various causes. Herc, too, the 
calf's assistance is often important, and although 
it is the tice of many breedors to remove 
calf at , and to feed it from the pail, it had 
better be left with ite dam in such a vase, that 
by ite repeated sucking and punching, the udder 
por return to its normal condition. Failing the 
» hand rubbing with oil or goose in 
often found effectual, but in all cases the udder 
— be stripped of ite milk every three or four 
ours 


Colostrum. The first milk drawn from a 
newly-calved cow is of much deeper colour than 
normal milk. It is known as rum, and in 
unquestionably valuable for the calf, upon which 
it aote medicinally. Colostrum is extremely rich 
in solid matter, eapecially casein and albumin. 
The solids may reach 25 to 28 per cent. against 
13 in normal milk, while the casein and albusnin 
may reach 15 to 20 per cent., against 4 per 
cent. in average milk. 

Abortion, or slipping of the calf, is one of the 
accidents pnd misfortunes of the dairy hord. 
A cow purchased in the market or eloewhere may 
be infected, and if the fact be unknown, may 
remain with the herd in her new home, and infect 
the cows around her (see page 2623). No 
trouble should be regarded as too great in a case 
of this kind, for abortion in the herd has often 
ruined a farmer. A cow which has aborted 
should be fed for the butcher, as there is some 
risk of infecting the bull, and through him thw 


hole 
Breeding. Where a farmer breeds his own 
stock, he must decide at what and under 
what conditions his heifers should be mated. 
A heifer which is undersized, raw, and still grow- 
be ret nian dares whieh | ccmieal 
t ta, are iv 
breeding, may undoubtedly be 
bull mont heifer 


2 


In the vast majonty of cares cows i 
spring, but the farmer is able to control the period 
of calving in accordance with the value of the 
calf or of the milk. The cheesemaker requiring 
milk from April to September prefers the spring 
calving cow ; the milk seller, who caters for 


the most money. It is important, 
therefore, that where cows are to calve at given 
periods, the bull should be confined to a box and 
yard, and only used when the cows are in season 
and at the right date. Where the cows calve in 
spring labour 1s reduced together with the cost 
of feeding, for the herd, being on the pastures, are 

ty much left to themselves. In winter, 
1owever, the milking cow is stall-fed, and this 
not only involves greater cost, but demands 
greater attention at the hands of both owner 
and men. As we shall 
nee, however, some hand- 
feeding im summer is 
important, and, indeed, 
imperative. 


It is important 
in purchasing a cow 
that no mistake should 
be made as to her value. 
There is no lesson in 
this matter which can 


UH0e, 

will help even the ex- s. Eye 
perienced buyer. The § "72x hs 
animal [6] should - s. Switch 
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oe which may in coneequence appear 
Care of Stock. Al the practice is 


ich the ice is filthy, and contributes 
to the contamination of the milk. A cow which 
18 never cleaned may be attacked | 
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richer than that of the Milkere 
be encouraged to milk with hands, 
barf here ecn j the into the 


ta, or in Normandy, where they stand quictly 
the In cach cane the noveasity for 
oh milk home mw involved The Dutch- 
man it in his boat, the Norman dairymaid on 
her head, or in the panniers on the back of an ass 
hen the milkers onter the cowhouse carly on 
the winter's m » the cows may be supplied 
with a little sweet hay or, if the owner prefers, 
with their morning's mixed ration. The udders 
are then cleansed, the milkers wash their hands, 
don their overalls, and draw the milk in pails 
which have been cleansed overnight and in 
the air. After milking, and when the food has 
been consumed, the cows may be turned out 
either to grase and drink, or, when the weather 
for exercise and drink. After 
to clean out the 
stalls, gutters, and housos, and then to 


ee , the ration for 
Co as the following 
Ce 4 day. In sum- 
Lope mer the cows 
a | 4H remain in the 
4 [ fields, but atten- 
2 i tion should be 
on ' fale to ’ 
m_ | fences [7], the 
ao 4 water supply 
ae 1 in ponds or 
=. : prcems is 
ible gaps in 

hedges and, 

where forage 


crops, such as vetches, rye grass, trifolium, oe: 
to the 


cutting of the and iw conveyance either to 
oo ee ee ee 
fou 


gt Tt will usually be eneen- 
tial to a ila loge Mg igri 
ing to remain until the next da 
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By P. G 
"THE history early Renaissance is 
inseparably comnected with, the of 


tacles with those of painter, sculptor, and archi- 

There was a constant interchange of ideas, 
seach art left ite mark on the mater arte ;-each 
forward in the one was reflected by the 


the 
of 





' RENAISSANCE ART 


‘Architecture and Sculpture of the Renaissance. The Work of Michelangelo, 
Donatello, Ghiberti, and Della Rebbia, Other Great Renaissance Masters 


. KONODY 












are the noblest instances of the Renaissance 
Palace, not only in Florence, but in the whole 
In Venice, 


the Palazzo Vendramin, 

graceful in form and lendent in coloured 
marble casing, shows the adaptation of Venetian 
devices to the style born in Florence , 
whilst, if we turn from secular to ecclomastic 
Pa begun io 147 : pele rig ooloware 

via, 4 rogio , 
with of arhle incrustation, reliefs, 
niches, statues and medallions, the dignity of 
the etyle has given way to playful oxuborance. 

Churches. The great Cathedral of 
Florence, which had u one many modifica- 
tions in the two centuries of ite building, received 
ite imposing cupola by Brunelleschi, who thus 
solved a problem which had baulked the efforta 
of all hu predecessors; but in spite of this 
dome it remains in ita essential features a 
Gothic building. The churches of 8. Lorenzo 
and 8 Spirito, and the graceful Pazs: Chapel, 
are the three most important Renaissance 
churches built by this maater. Alberti, tho 
designer of the facade of 8 Maria Novella, in 
Florence, and the inventor of the volutes maski 
on the exterior the junction of the nave 
the lower aisles, went further than Brunelleschi 
in his adherence to the classic orders ; he lacked 
ra other master's athiabiahy = and pact 
of elegant proportions, a to make a 
architectural formas fit in with his favourite 


In the sixteenth century the powerful and 
liberal patronage of the Popen attracted the 
leading artists of the whole of Italy, and made 
Rome the centre of artistio activity. Here, on 

soll, architectae were enabled to stud 
the ruins of antiquity snd to formalate thi 


A 


‘part that Brunelleschi had played in Florence. 
© is the initiator of the 


for the first time. fires 
Antonio da Sangallo, the 1S 
builder of the Farnese | 
Palace in Rome; Bal- ff 
daseare Peruzzi, the acene |p 
of whose captivity wan ff 
Siena ; Giulio Romano, 3 
= worked re vor ; 
sovino, igner 
of the li a 8. 
Marco and of the Zecca. | 
or Mint, in Venice, are § othe 


among the oeding mee | ee 
ters of the late in- | was 


sance which culminated 
in the work of Miche!l- 


angelo. In his striving 
ing a d general effect, without much concern 
with detail, he introduced the germ of the lawless- 


ness which set in after his death and led to the 
exaggerated forms of the Baroque style. The 
gigantic cupola of St. Peter's in Rome (esi. and 
the Medici Chapel in Florence are his most 
famous architectural works. 

Sculpture, In sculpture, as in architec- 
ture, Florence was the centre of the early 
i » but chronologically a Siencse 
master, Jacopo della Quercia, stands between 
the Gothio yess and the first great soulpter 
of the new epoch, Ghi 
berti. Tho 


: A nny ait Pes 
Cr oan Lett COE OREOREROSLIOVONT Sate Ter 1) VRDESNDEOTO Sn OTe GINS Ort SaDEE ESO Sts See OY CEES 












| tive, sculptor of the 
i ni wae “6 He lacked, 
| aps, the pure sense 
1 of beauty of Ghiberti, 
| but there 1 in his work 
} rscniabe a, Weve than 
| formal uty — the 
| beauty of character, 
| which renders the very 
i harshness fasomating. 

Everything he wrought, 
jin marble or in bronze. 
is full of expression and 
| life, character and move- 
jp ment. [See 20, page 
, 1531.) And his leaning 
towards extreme realism 
was tempered by his 
know and love of 
the antique. He worked from the living model, 
but had before his mind’s eye the masterpieces 
of classic art. This is eapeciall apparent in 
his bronze ‘‘ David ”’ at the allo, in Florence 
fee), the first nude bronze of modern times. 

ere is nothing leas than olassic beauty in the 
graceful, well-balanced attitude and the well- 
shaped legs, whilst the thin, angular arms are 
copied from the living model. And yet the figure 
is quite homogeneous ; it has the thrill of life, and 
in its very deviations from the classic ideal 
conveys the idea of the immature shepherd 
youth and giant-killer. 
And Donatello  ap- 
proached every success- 
sive task in the same 
objective spirit, dealt 
with each on ita o 
hei) merits, infused ing, 
wM| throbbing life into 
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and ha were his favourite themes, and 
have ps never found more beautiful expres- 
rea in nap art. anil Tone works a apr 
amous is the singing , in Florence : 
Donatello was followed by a whole schoo! of 
marble workers whe devoted themscives 
chiely to tomb monuments and portraiture. 
The tomb of the period was generally conceived 
in the form of a recumbent figure of the dead on 
& ee boa a niche, ll nprpitente: 
setting being ect harmon © pure 
sculptured pert, and richly decorated: Peal 
derio da Settignano, Mmo da Fiesole, Rossellino, 


mentioned among the leading 
fifteenth century. Verroochio, who excelled 
bronse work, and is the creator of the 
world’s greatest equestrian statue—the Colleon: 
monument in Venice—has left comparatively 
few works, but exercised an enormous influence 
as a teac 


s 


* at the Bargello, in Florence. 
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or hmbs, for the sake of accent and increased 


impressiveness. At the same time he knew. 
like no other master, how to vary the texture of 
the surface to secure the desired effects of light 


and shade. The tombs of Lorenzo [ and 
Giuhano de Medici, with the attendant 

of “ Night and Day,” “Dawn and Twilight,” 
mark the height of his achevement. 

e early Renaissance and Michel- 
angelo stands Andrea Sansovino, the creator 
of the Cardinal Sforza tomb at 8. Maria del 
Popolo, in Rome, a monument which showa 
Andrea's complete mestery of classic forms, 
though the sarcophagus with the recumbent figure 
‘ overvholined by Bn pil Jess an = 
su ; pupil, vino, 
has left many beautiful works in Venice. Of 
the other masters of the period only Giovenn: 
de Bologna and Benvenuto Cellini did not 
succumb to the influence of Muichelangelo. 
which proved baneful to all others who succeeded 
him, and contented themselves with turning his 


before hie, a ee Aspecial branch of sculpture, which reeched its 
Ss ee eee As ae post the Se re 
sake of emphasia is allowed to tho Renaissance, is the art of the Vittore 
natural proportion of speech, so Mio Pisano, who fourwhed in Northern Italy in 
in soulpture from strict truth to the fifteenth century, was the firet great 
nature, certain actions or muscles and remained unsurpassed. 
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Consigaments laward and Outward. Mutual Indebtedness of Countries. 
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ee ee cet aid 
tion of the people in United Kingdom 
was perticularly drawn to the whole question 


were argued ing men on 

both sides, but if the of the subject 

has had the pffect of ing our manu- 

facturers and merchants alive to some of the 

defects in their methods of conducting their 

foreign trade s great deal will have been 
accomplished. ne 

porte and importance 

of the subject is not likely to be under- 

estimated, bat it may be mentioned that in 1905 


our foreign trade amounted to £973,000,000, of 
which £565,000,000 re ted importa and 
£406,000,000 exports. difference in value 
between the imports and exports is known a 
the balance of trade, and it was formerly held 
that in nippe pi erated ray et ea 

perous ition the exports ways 
eacesd the imports. This idea no longer holds 
field in its original shape, attention being 
directed more to the nature of the articles 

up the total than to the totals them- 
selves—i.c., whether they consist of raw or 
manufactured goods. Considerations of 
forbid a lengthy explanation of the methods of 
conducting the foreign trade of the countr 
generally, and our purpose here is to deal wit 
the matter from the view of accounts. 

There are three principal methods of selling 
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— ated cee ldap ee the books of 
who vos aa a consignment 
pol. ap The merchant, who is known as the 
consignor, keeps an account in his books of the 
cost sa rd peer a both as regards the 
of the goods and the expenses incurred 
Hs docs’ this because he deulfos to know the 
consignment, whether it resulta 
in @ profit or a loss, so that he can form an 
opinion whether it would be advisable to send 
further consignments to the samo place or to the 
name agent. Whens consignment business 
is done a special book is kept in which 4 Seg 
all goods sent out in this way. The is 
Sper id gr rege sales book, oe 
entries in it being periodically to 
. When there taal an occasional trans- 
action of the kind the entry can be passed 
through the journal, debiting the consignment 
account and crediting goods account. 
Consignment Accounts. A _ ledger 
account is required for each consignment, to 
the separate results as well as the net result 
of tho whole. Tho consignments are, therefore, 
numbered or given distinguishing titles according 
to either tho place to which they are sent or the 
consignee’s name. If accounts of consignments 


tinguished by 

consignees it must be borne in mind that they 
are merely subsidiary goods accounts and not 

reonal accounts upon which the ee are 
iable. The first entry on the account is on the 
debit side, and consists of the price of the goods. 
As payments are mado in connection with the 
c t, the account is debited and cash 
credited. Any liability incurred in connection 
with it is debited to the account and credited 
to the person or firm to whom the amount of 
the liability is due. 

A pro forma invoice is made out and sent to 
the agent, with instructions as to the minimum 
at which he is to sell. If he is suocessful 
in his efforts and disposes of the consignnient, 
he prepares and forwards to the consignor « 
statement called an Account Sales. This shows 
the gross amount realised, details of his expenses 
and commission, and the net amount duo to tho 
consignor. This amount ho remite to him in the 
manner dealt with later. 


: 


4 


nsignee, : 
cannot be debited to the goods account ; while, on 
the other, the consignor is not his creditor for the 
value of the goods, since the consignee has not 
bought them and is not liable for the price. 
He is only responsible for their safe custody 
aud for the proceeds if he effects a sale. If he 
is not successful in this he can return the goods. 
As a rule, then, no account is opened by a con- 
signee when he receives goods on consignment, 
but as soon as he pays anything or incurs any 
liability in respect of it he records the fact 
in his account books. He does this by opening 
an account in his ledger in the name of the con- 
signor (not a connignment account, but a per- 
sonal account), and debite the amount paid or 
the liability incurred. The reason for this is that 
the amount is due from a definite person, and 
he naturally debits that person and not an 
im nal account. At the same time, he 
— cash or the person to whom the amount 
ue. 

When a sale is effected the consignee debit 
the n to whom the goods have been sold 
and oredite the consignor, because the amount 
then becomes due to the latter, mabiect to the 
payments or charges which may have been 
made on his acoount. The consignee then cal- 
culates his commission and debits the amount 
to the consignor, who, of course, is liable to pay 
it. The balance on the consignor’s account 
will then represent the amount due to him, since 


usually 
ethod by which he does 

When the purchaser of 
ys for them, cash is, of course, 
debited and the payer credited. This will close 
the transaction in the consignee’s books. 

For the purpose of making the course and 
result of the operations clear to the mind of 
the student, a series of transactions will be dealt 
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of Bordeaux, ten bales of 400 yards each of 
cotton goods at 8d. per yd. and pa 
freight, £2 13s. 4d. for insurance, and £6 5s. 3d. 
for cartage and miscellaneous charges. Bon- 
homme receives the , and pays £3 for 
sents £1 for insurance, £10 for Customs duties 
and ages ? and Her for ar rigs cong 
expenses. e 86 our es at is. per ya., 
and the other.six at 1s. Ojd. per yd. is 
commission is 24 per cent. on the proceeds. 
Bonhomme's payments and transactions, —E 
place in Bordeaux, will naturally be in French 
currency, but for the sake of simplicity they 
are given in the accounts in sterling. 

They are, however, for the > of the 
student shown in the account sales on the next 
page in ch currency just as they would 
appear in the statement as rendered Bon- 
homme It will be observed that the balance 
shown by account sales to be due to W. Brown 
s stated therein both in French currency and in 
ite British equivalent 

The following would be the accounts in the 
two ledgers : 


W. BROWN'S LEDGER 


Conmgnment to J. Bonhoinme, Bordeaux 


pe pe F ht. es : ; 
Net Profit transferred to | 


Profit eens 25 12 3 |, 


le 17 ai 





By Bill reoenvable for net | 
eo as per Acoount 
les 


Bept. 6 
| 182 17 6 
e 


hd 


J. BONHOMME'S LEDGER 






Ax of W. Brown 
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us to the 1 question of the foreign ex- 
changes. cmalgiios, being a Frenchman, 
naturally keeps his books in the currency of 
his own country, and renders accounts to his 
English consignor in the same way, merel 

remitting the ultimate balance due in Englis 

money. We have now to inquire how he does 
this, and how he arrives at £182 17s. 6d. as bei 

a fair equivalent of 4,606 fr. 45c. He could, 
no doubt, have purchased English gold and 
silver coins to the amount he has to remit, but 
obviously this would be a clumsy and costly 
method of discharging the liability, and is no 
more adopted in practice between foreign 
countries and England than it is between two 
towns in the same country. 

The remittance, as stated in the account sales, 
is made by a bill of exchange, and the bill is ob- 
tained by the consignee suey teh dened in Bor- 
deaux who has a debt due to him from a person 
in England and gee the right to receive 
payment of such debt. Let us take a simple illus- 


sold ger ater aera 


of great importance whon large amounta are 
involved, and has to be taken into account 
when stating the quantity of French coins 
which are required to make up the value of the 

lish sovereign. 

further point which has to be taken into 
consideration in fixing the relative valucs is 
the difference in the weight of the sovereign 
and of the 20-franc piece. The sovereign 
weighs 123°27 gr., the 20-franc per 90°56 gr. 
Obviously, then, we shall require more than 
20 francs for one sovereign, and after taking 
both weight and fineness into consideration, 
it is found that the English ual 
to 25°2215 franos, or, roughly, 25 fr. 220. is 
is known as the par of exchange between France 
and England, and is the basis upon which 


ACCOUNT SALES OF 10 BALES OF COTTON SOLD FOR ACCOUNT OF W, BROWN, OF LONDON 
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tration to see how this is brought about, and how 
the indebtedness of two persons to two others, 
on perhaps many transactions, can be settled 
by one ar da A in Bordeaux buys goods 
from B in don, while C in London buys goods 
from TD in Bordeaux. We will assume that 
the amount is the same in both cases. 1) drawn 
a bill upon C for the amount the latter owes 
him. .\ becomes aware of this and buys the 
bill from D for ita fair equivalent in French 
money. Having obtained the bill he sends 
it to B in London, who presents it to (, and in 
due course receives pa t from him. 

Par of Exchange. We now come to 
the question of what is a fair amount in French 
money to pay for a given amount of English 
money. To obtain the answer we must know 
the state of the currency of each country, what 
is its standard coin and of what metal st is 
composed. In England, of course, the standard 


settlements of account between the two countrios 
take placo. 

But although it is the basis, there are many 
considerations which help to raise or lower 
the rate. Owing to the very considerable trade 
between England and France, there are always 
thousands of debts outstanding between he 
traders in the two countries which have to bo 
settled in some way. This mutual indobtednens 
is made tho means of satisfying the claims on 
both sides without any coin passing to and fro, 
Of course, it happens that gold is imported 
from or exported to France as well as other 
countries, but the quantity bears no relation 
to the volume of trade between those countries 
and England. There being, thus, many people 
in England indebted to ot in France, while 
there are people in France indebted to othors 
in Eng it is clear that if a transfer of the 
debts could be arranged so that the English 
debtors could pay the English creditors, while 
the French liabilities were discharged in a 
similar manner, an immense saving of trouble 
and expense would be ht about, while the 
claims on both sides would be satisfied. This 


ignment. 
for this is that the goods do not, on the 
one hand, belong to the consignee, and therefore 
cannot be debited to the goods account ; while, on 
the other, the consignor is not his creditor for the 
valuc of the goods, since the consignee has not 
t them and is not liable for the price 
He is only responsible for their safe custody 
and for the proceeds if he effects a sale. If ho 
is not successful in this he can return the goods. 
As « rule, then, no account is opened by a con- 
signee when he receives goods on consignment, 
but as soon as he pays anything or incurs any 
liability in respect of it he records the fact 
in his account books. He does this by opening 
an account in his ledger in the name of the con- 
signor (not a connignment account, but a per- 
sonal account), and debite the amount paid or 
the liability incurred The reason for this is that 
the amount is due from a definite person, and 
he naturally debits that person and not an 
impersonal account. At the same time, he 
abroha oash or the person to whom the amount 
is due. 

When a sale is effected the consignee debit. 
the n to whom the goods have been sold 
and credite the consignor, because the amount 
then becomes due to the latter, subject to the 
payments or charges which may have been 
made on his account. The consignee then cal- 
culates his commission and debits the amount 
to the consignor, who, of course, is liable to pay 
it. lance on the consignor’s account 
will then represent the amount due to him, since 


the goods pays for them. cash is, of course, 
debited and the payer credited. This will close 
the transaction in the consignee’s books. 

For the purpose of making the course and 
result of the operations clear to the mind of 
the student, a series of transactions will be dealt 
with and the ledger accounts shown in the 
books of both the consignor and the consignee. 
W. Brown. of London, ships to J. Bonhomme, 
of Bordeaux, ten bales of 400 yards 
cotton goods at 8d. per yd. and pa 
freight, £2 136. 4d. for insurance, and £6 5s. 3d. 
for cartage and miscellaneous charges. Bon- 
homme receives the , and pays £8 for 
storage, £1 for insurance, £10 for Customs duties 
and Janding charges, and £3 for miscellaneous 
expenses. He sells four bales at 1s. per yd., 
and the other.six at ls. O}d. per yd. is 
commission is 24 per cent. on the proceeds. 
Bonhomme's payments and transactions, taking 
place in Bordeaux, will naturally be in French 
currency, but for the sake of simplicity they 
are given in the accounts in sterling. 

They are, however, for the guidance of the 
student shown in the account sales on the next 
page in French currency just as they would 
appear in the statement as rendered Bon- 
homme It will be observed that the balance 
shown by account sales to be due to W. Brown 
1s stated therein both in French currency and in 
its British equivalent 

The following would be the accounts in the 
two ledgers : 


W. BROWN’'S LEDGER 


Conmgument to J. Bonhomme, Bordeaux 


To Goods . 7 

» Oash, Oartago, etc. .. 

8 Insurance 

» oo  Freight.. 

» Net Profit transferred to 
Profit and Loas Account 


To Cash, Duties & Landing | 10 0 
» «  QGtorage.. a 3 0 
oe ee 68 ee } 0 
29 wT] Miscollancous ee $ 0 
» Commission % ae 58 2 
» Bill payable for bal- 
anos es per Account 
Salee ase ee oe 182 17 6 





By Bill recenvable for net | 
ies as per Account 
len 182 17 6 
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Foreign Exchanges. The words re- 
lating to the payment of the balance due to the 
eonsignor, as ahown on the account sales, brings 
us to the a —— of the tba ex- 
changes. consignee, being a Freno a 
naturally keeps his books in the currency of 
his own country, and renders accounts to his 
English consignor in the same way, mere! 
remitting the ultimate balance due in Englis 
money. We have now to inquire how he does 
this, and how he arrives at £182 17s. 6d. as being 
a fair equivalent of 4,608fr. 45c. He could, 
no doubt, have purchased English gold and 
silver coins to the amount he has to remit, but 
obviously this would be a clumsy and costly 
method of discharging the liability, and is no 
more adopted in practice between foreign 
countries and England than it is between two 
towns in the same country. 

The remittance, as stated in the account sales, 
is made by a bill of exchange, and the bill is ob- 
tained by the consignee ioyrony (hanged in Bor- 
deaux who has a debt due to him from a person 
in England and Lier the right to receive 
payment of such debt. Let us take a simple illus- 


ie of Sane 
avour 0 gy eg currency in the proportion 
of gold in the coins of qhe two Scaneriea' 
and although it is trifling in one coin it becomes 
of great importance when large amounta are 
involved, and has to be taken into account 
when stating the quantity of French coins 
which are required to make up the value of the 
English sovereign. 

further point which has to be taken into 
consideration in fixing the rolative valuce in 
the difference in the weight of the sovereign 
and of the 20-franc picce. The sovereign 
weighs 123-27 gr., the 20-frano piece 0°50 gr. 
Obviously, then, we shall require more than 
20 francs for one sovereign, and after taking 
both weight and fineness into oonsideration, 
it is found that the English pound is equal 
to 25°2215 franos, or, roughly, 25 fr. 22c. This 
is known as tho par of exchange betweon France 
and England, and is the basis upon which 
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tration to see how thia is brought about, and how 
the indebtedncss of two persons to two others, 
on perhaps many transactions, can be settled 
by one payment. A in Bordeaux buys goods 
from B in London, while C in London buys goods 
from D in Bordeaux. We will assume that 
the amount is the same in both casex PD drawa 
a bill upon C for the amount the latter owes 

im. A hecomes aware of this and buys the 
bill from PD for its fair equivalent in French 
monev. Having obtained the bill he sends 
it to B in London, who presents it to (’, and in 
due course receives payment from him. 

Par of Exchange. We now come to 
the question of what is a fair amount in French 
money to pay for a given amount of Englwh 
money. To obtain the answer we must know 
the state of the currency of each country, what 
is its standard coin and of what metal it is 
composed. In England, of course, the standard 
coin ie the gold sovereign. It contains a certain 
Proportion of pare gol in tho sovereign being 

in sovereign bei 
eleven parts int twelve. In France the 
coin is the franc, but as this is a silver coin the 
if 


ep 
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vottlements of account between the two countries 
take place. 

But although it is the bass, there are many 
consiacrations which help to rawe or lower 
the rate. Owing to the very considerable trade 
between England and France, there are always 
thousands of debts outstanding between ‘ine 
traders in the two countries which have to bo 
settled in some way. This mutual indebtedness 
is made the means of satisfying the claims on 
both sides without any coin passing to and fro, 
Of course, it happens that gold is imported 
from or proaitad to France as well as other 
countries, but the quantity bears no relation 
to the volume of trade between thone countries 
and England. There being, thus, many people 
in England indebted to ot in France, whilo 

- there are people in France indebted to others 
in England, it is clear that if a transfer of the 
debts could be arranged so that the English 
debtors could pay the English creditors, while 
the French liabilities were discharged in a 
similar manner, an immense saving of trouble 
and expense would be brought about, while the 
claima ‘on both sidea would be satisfied. This 
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ie 


s, in effect, whet takes place, and 
the means by which it is effected are bills of 


¥ 


modity, and there is a regular market in them 
as in other articles of commerce. The dealers 
in this market are known as b¢l] brokers, and 
they make it their business to buy and sell 
bills drawn on persons in this country by creditors 
in other countries, and vice versé. If, therefore, 
& person in London desires to satisfy a ‘debt to 
another in Paris ur Berlin, he approaches a bill 
broker and aacertains the price he will have to 
pay for a bill for the amount he requires. The 
principal bill brokers, bankers, and merchants 
meet twice a week at tho Royal Exchange and 
fix tho rates for bills on the various countries. 
The basis of the rate is. as stated above, the par 
of exchange ; but thero are many causes operat- 
ing to affect the market rate. The principal 
of these is the condition of trade between the 
two countries. If there is, on balance, a con- 
siderable indebtedness from England to another 
country, there will necessarily be a strong 
demand in London for bills payable in that 
country, and the prices of bills of exchange, 
like those of other commodities, are affected 
by the laws of supply and demand. The result 
will be that the English trader will have to 
pay & premium for the bill he requires, but the 
premium will be stated in such a way aa to 
somowhat confuse the student in the absence 
of explanation. 

The par of exchange between London and 
Paria is, as stated above, 25 fr. 22 c. for £1. The 
rate is said to be abovo par in London when 
the exchange is quoted below 25:22, the reason 
being that in exchange for a sovereign it will be 
possible to obtain only, say, 25 fr. 15c., and thus, 
to discharge an indebtedness in French mone 
a higher prive than the actual mint value wi 
have to be paid in English currency. 

Gold Points. But there are certain points 
above or below which the rates with other 
countries do not rise or fall. These are known 
as the gold ports ait indicate the rates at 
which it would be more profitable to import or 
export gold coin or bullion to discharge debts 
rather t buy bills at prices outside those 
limita. The gold points depend upon the cost 
of transmitting the gold, plus msurance and 
other oxponses, and the margin, therefore, 
varies according to distance and other circum- 
seer : at rages ie London and ciple pes 

nt at which it wou to export to 
France is 25-12i——i.e., if ft were found that the 

rice of bills was 25 fr. 10 o. a merchant could send 
ullion cheaper than he could obtain bills. The 
importing point is 25 fr. 33 c., sothat a merchant 
in Paris would send gold to England if bills on 
London were above that rate. Although these 
are theoretically the Deg of gold movements, 
it might not follow that gold would be trans- 
the rates of exceeded these 

limits, for the cost of tranamission fluctuates 


ro nie Age might do so sufficiently to prevent 
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Lowpor, lat July, 1906. 

Exchange for Fes. 7,550. 
At three months after sight of this 
firet of exchange (second and third 
unpaid) pay to the order of M. 
Jules Perier seven thousand five 
hundred and fifty francs and place 
eame to our account ae advised. 

Wriuiams, Jenkins & Co. 
M. F. Chardenal, Marsestlles. 


For-ign bills are drawn in the currency of the 
country of the drawee, and are prepared in sets 
of three. The three parts are in identical terms, 
except that each is expressed to be payable 
only in the event of the others arr unpaid. 
The chief reason for drawing the bills in sete 
was originally with a view to their reaching 
their destination safely, and that is one reason 
why they are still so drawn. Another reason is 
the facility which the method affords for negoti- 
ating the bill. The drawer, a merchant sth bp 
on business, say, in Bombay, draws on his debtor 
in London, and sends over two parts of the bill for 
acceptance by different mails. He keeps the third, 
and if he finds subsequently that it would be of 
advantage to him to have cash immediately, 
he takes the bill to his banker, and discounts it 
with him, endorsing it in the usual way. The 
banker then sends the endorsed part, which, of 
course, has not been acc to his agent in 
London, who obtains one of the other parts from 
the drawee duly aay dee The accepted and 
endorsed parts then form a complete bill, and 
will be collected when due. The drawee must be 
careful not to accept more than one part, for if 
he should do so, and both acce pted parts got into 
the hands of holders for value, he would have to 
pay both. 

quently when a creditor in one count 

drawe on his debtor in another, he sells the bi 
as soon as it is drawn, and the name then inserted 
in the body of the bill as the payee is that of the 
rson who buys it—generally a banker or bill 
roker. It will be perceived from this that foreign 
bills are sold or discounted by the drawers before 
they have been accepted. This is what actually 
takes oa in many cases, and bills frequently 
pass ugh several hands before they are 

presented to the drawee for acceptance. 

Acceptance for Honour. In order to 

inst the risk wee refusing to 

accept bill when it is presented to him for 
that p the drawer or any.su ent holder 
may write on the bill, “In case of need with 
Herding This means that in case of the 

being dishonoured owing to ite not bei 

ee ee ee 

or subsequent holder as the case may be. Before 
they will do a0, however, a form has to be gone 


known an protesting the bitd, This oon- 
sista in the bill formally presented for 

ce by an officer known as a Notary 
Public, who afterwards es a declaration in 
a stated form that he hac done so. When a bill 
is accepted in this way it is known as an acce pt- 
ance for honour. 

The banker, or bill broker, who buys a bill 
from the drawer treats it as part of his stock- 
in-trade, and either holds it until maturity, 
or sella it before it is due to somebody who 
wishes to pay money in the place where the bill 
is payable. 

ayable After Sight. It will be observed 
that the bill set out on last page directs pay- 
ment three months a/ter sight. This means that 
the time mentioned in the bill will not begin 
to run until it has been accepted or mp api hy 
the drawee. Foreign bills are frequently drawn 
after sight rather than after date, owing to the 
time which elapses before the drawee receives 
them for acceptance. When this is the case the 
bill is presented for acceptance as soon as possible 
after it is drawn, and the date it is accepted is 
included in the form of acceptance. 

To return to the transaction out of which this 
short explanation of the principles of foreign 
exchanges and bills arose. We know that the 
course M. Bonhomme would take would be to 


a foreign country will frequently receive the 
invoices of aig er they ap ase out 
ness will, of course, have to be discharged to the 
full amount of the invoices. When invoices are 
received in this form it is necessary for the 
English house to keep the account with the 
foreign merchant in both aterling and the foreign 
currency, the former in order to bring the trans- 
actions into line with the other accounts of the 
business, the latter to know exactly how the 
stand with the creditor. The method adopted 
to fix a rate of exchange at which all invoices 
received are converted into sterling, the amounts 
being shown side by side in the r accounta, 
When remittances are made, drafta in the foreign 
currency are | prbemenmte at the rate of exchange 
of the day, and the cost in sterling and the amount 
of the draft are ontered side by side on the debit 
side of the account. Finally, a draft is remitted 
for the difference ahown by tho currency columns, 
which will then exactly balance. This result will, 
however, probably not be obtained in the 
sterling columna, owing to the varying rates at 
which the drafts have been purchased. The 
difference on this column is treated as a profit 
or loss on exchange, and is carried away to the 
profit and loas account. The account given on 
this page shows the working of this method. 
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buy from his banker in Bordeaux a bill on London 
for the amount he has to remit, the beds being 
calculated at the rate of the day. Having ob 
tained it, he sends it to Mr. Brown, who will 
probably have to first obtain acceptance of it, 
and then either hold it till it matures or else at 
once discount it. 

Bank Drafts. Another method of making 
remittances abroad is to purchase a bank draft, 
which is an order by a banker upon an agent 
or « branch for the payment of a stated sum of 
money to the person named in the draft. The 
drafta can be made payable either ct once or at 
a future time, but in practice they are nearly 
always sight drafte—t.ec., payable at sight or 
on demand in just the same way as a cheque 
They are largely used when remittances of cash 
have to be between countries. 

English houses which are doing a large 
business with a manufacturer or merchant in 
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The fixed rate ndopted in this instance for 
converting the dollar into English money is 0d. 
per dollar, and the invoices are posted in both 
currencies, ax shown above Kemittances of bank 
drafta on Baltamore were made on Ji nuery &th 
and 3lst, and on February 28th, the drafts being 
purchased at different rates, as quoted in the 
account After making these remittances, there 
was a balance of 257 dollars due to the American 
t.irm, the cost of a draft for which was £53 48 2d. 
The invoices having been converted at a different 
rate from those at which the drafts were pur- 
chased, there is naturally « difference het ween 
the aterling columns. Thuis, as stated above, ia 
irausterred. to the profit and lows account, and if 
there are many accounta with such differences on 
them, a special exchange account ™ opened, 
and the balance thereof transferred to the profit 
and jos account at the periodical balancing of 
the books. 


Continued 





FUNCTION OF THE LOOM | 


Different Methods of Controlling Warp: Healds, the Jacquard, the Tappet, 
and the Dobby. Loose Reeds. Shuttles; Rising and Circular Shuttle-boxes 






By W. S. MURPHY 


HAVING viewed the general structure of the 

loom, we now turn to the various parts 
with which the weaver manipulates the warp 
and weft. 

The healds are those horizontal frames which 
carry the warp between them and form the shed, 
or opening for the passage of the weft shuttle. 
For convenience, healds are sometimes called 
leaves. A plain web ae chig orily two leaves, 
because the one half of the warp crosses the 
other in regular sequence. When we consider 
the putting-in of the web, the drawing-in of the 
threads will be reviewed. For our present 

urpose we take the loom as ready to work. 
Many plain looms are eipes with four healds, 
to lighten the weight of the warp; but in this 
case, the pairs of healds act as one. The usual 
way is to put threads | and 2 throngh healds 1 
2, and threads 3 and 4 through healds 3 and 4. 


Sometimes the ord«r is altered and the threads @iife ‘de 


are healded 1 and 3 and 2 
and 4; but the vanation 
in the order does not 
matter very much, except 
for special reasons It 1s 
very different, however, 
¢urntly ara to 

woven. Say that we have 
a four-end twill to put on 
the luom, then we require 
four healds to divide up 
the warp, because the four 
sections of the warp act 
differently. The rule is that 
every thread 1n each heald 
must act in preowely the 
same way throughout the 
whole web Four ends 
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but when eight, ten, or 
twelve have to be dealt 
with, some complexity 
arises, which only atudious 
care can prevent from causing confusion. It 
is obvious that the number of healds which 
a loom can carry is hmited, and yet we 
desire to keep the bounds of our variations 
as wide as possible. By means of i tous 
devices and pxtient labour, the hand loom 
weavers were able to produce marvellous 
varieties in colour and pattern; to them 
ita A srs - was a new problem. But 

® we cannot proceed upon 
yan so uncertain. Up ge advent of the 
aoquard apparatus into thia country, fancy 
weaving was done m on the hand joom ; 
but that wonderful contrivance changed the 
situation entirely, and opened a career for the 
3684 
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may be easily followed ; fT | 
} 


160. JACQUARD LOOM 


wer loom far grander than ever the hand 

m, with even the harness apparatus, could 
claim. 

Jacquard. This machine presents some 
difficulties to the learner at first; but, if taken 
in detail, and each part noted with care, the 
whole should appear plain. Looking at the 
jacquard Joom [168] we see that over the face of 
the warp is spread a mesh of cords, which, at 
first sight, seem to baffle understanding ; but 
these are simply the heald cords stretched 
out and applied in this way. As every heald 
cord holds its own particular thread, so these 
cords have eyelets which each hold a warp of 

thread. The cords converge, and 
each one is knotted on to what 
is called a neck cord. The neck 
cords are short, and loop round 
hooks coming down from above. 
The hooks extend up within o 
square frame seated above all 
on the head of the loom. In 
front of the frame and revolving 
on a rectangular cylinder is a 
mass of cards, pierced with holes 
in @ variety of patterns. At the 
point where uc cyunuer v 
a card in front of 
the frame 1s a board 
pierced through by a 
mass of needles, to 
the depth of a quarter 
4d of aninch Now look 
eS, inside the frame [170}. 

: Ss At the imner_ ox- 
m tremity of the project- 
| ing needles (B)is a box 






























—_——. 


pressure 1s removed. 
In the middle the needies are jomed to the 
hooks (A), which, as we have seen, are 


round the cards to the needle board, 
and the cards press back those needles which 
have no perforations opposite to them. The 


necdies, being pressed back, send the hooks 
to, which they afo joined out of the way of the 
griffe ; griffe, gag 2a ed 

only those hooks which worforatana ot the 
cards ha remain in position. 


ese hoo u © correspon warp 
threads, and shed designed is made. 

One needs little consideration to understand 
what a wonderful instrument the jacquard has 
placed in the designer's hands. By sts means 
we can manipulate every individual thread in 
the warp in any way desired. The cards are 

ierced acco to design, one perforation 
or every warp to be called up. Some 
arg require as many as 20,000 cards. 
he Tappet. Other methods of manipu- 
lating the warp have been devised. One of the 
earhest and simplest was the tapprt motion, 
consisting of treadles, tappets, jack-levers, square 
shafts, and half-moon levers The wheel- 
shaped tappets move on the treadles, the ends 
of which are connected with 
the jack levers by long rods ; 
the jack-levers move the 
square shafts ex- 
tending across the 


motion the half- 
moon levers, which, 
being connected by 
cords with the 
healds, perform the 
pi va. motion. cide 
RS ins, cotton shirtings, 
and twills, requiring from four 
to eight healds, can be woven 


very well by tappets. 

The Dobby. Another 
shedding machine worthy of 
note »s that known as tho 
dobby. The numerous forms 
of this contrivance which have 
been brought into use render 
detailed description of any one 
almost necdless But the prin- 
ciple is general. A series of 
pegs act on a set of blades, 
which perform the same office 
for the pairs of levers controlling the healds from 
above and below as the needles of the jacquard 
to the wires. When the peg puta a lever out of 
position, the heald 1s dapwenied ; when the blade 
remains in position, the heald 1s clevated, and 
with it, of course, the warp it controls. A modi- 
fication of the dobby is seen in the velveteen 


loom [171]. 
Though nothing more than a 





The Reed. 
series of fiat wires set under the slay, the reed 
is not a simple instrument. In the plam loom 
we have no more to do than put two or three 
or more threads from the healds through between 
each pair of reed wires, or in each . a& the 
opening between the wires are named. But the 
moment we begin to depart from the plainest of 

in cloth our troubles with the reed ; 
two twills for example. Say one flushes 

two ends and two picks alternately, and the other 
flushes three picks and three ends. If both were 
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170. DIAGRAM OF JACQUARD 


reeded the same, the former would be too thin, 
or the latter would be too thick. Reeds vary in 
closeness, some having 10 and others as many as 
16 dents to the inch. Thickness of thread also 
has to be considered in reeding. All this is a 
matter of calculation, however, easily arrived at 
by obarenter 

Search r ways of out novel 
designs, the designer has woe method of 
utiliamg the in the formation of ermkied 
cloths. Behind the reed, and timed to act at the 
moment when the reed 1s being thrown back, a 
series of little nippera comes up and grips on toa 
range of warp threads just for an instant, holding 
them back while their fellows go forward, thua 
putting a serics of drawn threads through the 
fabric. Other small services are imposed on the 
reed, but these are of minor value. 

Loose Reeda. Should the shuttle by any 
accident be turned from ita course, and tangle 
in the warp, the coming of the reed will smash 
it through the va and cause 
dainage. To againat this 
danger there have been several 








kinds of loose reed in- 
vented. The best is the 
simplest. Instead of fixing 
the reed solid in tho slay, 
the lower aide is held b 
a spring clasp, whic 
tightens at the moment of 
the stroke of the slay just 
aufficient to give the stroke, 
and slackens so as to offer the 
least resistance possible to the 
shuttle at any other time. For 
heavy goods, however, the 
ordinary fixed reed 1s best; 
for light cloths the loose reed 
works well. 

Shuttlea. Numerous at- 
tempts have been made to 
improve on the common fiy- 
shuttle, but the form has, in 
the main, kept unchanged. It 
is truce thet the stiff wooden 
pirn, with ita screw, has given 
place to the weft cop, with tho 
consequent alteration in the method of securin 
it ntheshuttle Some shuttles have a spring h 
others Jet the weft out from the centro of the 
cop; but most have merely a peg at the end, 
where the screw-pin used to be. The chief 
property of a shuttle 1s that it will lot the weft 
come away easily and fly straight. In these 
easontial qualities the old form of shuttle excels 
all others. 

Shuttlesboxes. When the power loom 
came into general use, the first demand was for 
a shuttle-box which would change the shuttles 
automatically. Without the ability to change the 
shuttles swiftly, vari-coloured weaving was an 
imposwubility. Kay the younger already 
shown the way with his springing change shuttie- 
box, and subsequent inventors took the hint. 
Now we have two systems, or methods, for 

ing the shuttles. The one is by what are 
ing boxes, the other is the circular boz. 


means of springs adjustable to ths requirement 
tae design, the shuttle-boxes sit one above 
the other, and change places with marvellous 
rapidity. Before beginning to weave, the plan of 
See be 2 eee oe ee 
principle, so that each shuttle comes up in tarn, as 
n by the pattern. On fancy cloth and gauze 
Jooms, the six boxes are placed at both ends of the 
lay, the 12 shuttles affording special opportunity 
for fine weft effects. Circular shuttle-boxes move 
with leas noise, and possess other pointe of merit. 
The shuttle-boxes are fixed round a centre, the 
revolving motion being conveyed through levers 
cams acted on by the motions of the loom. 
When first introduced the circular boxes could 
be moved in one direction only, and in direct 
succession. By a rearrangement of the gearing 
we have been enabled 
to turn the boxes im 
either direction and in 
any order which may be 
desired. Suppose, for 


3 


example, we have a 
six - shuttle 
circular box 


a re gy, 
A emer 


t 
i 


forward and backward catches, each actuated 
by a cam of di t size, so as to make the 
box turn one-sixth, one-third, or one-half of a 
revolution, we have the power to make the 
shuttles come up mm any order we please. The 
rest of the mechanism is too intricate to be 
shown at present. 

Letting Off and Taking On. We have 
now come to the extremities of the loom—the 
warp and the web beams. The relations between 
the two are very intimate, though they are as far 
apert as possible. The warp must be let off in 
such measure as the up of the cloth 

i Not only so, but it should keep 
the warp even and tension uniform. In ther 
mutual relation, the cloth beam is the activo 
and the warp beam the passive agent. It is the 
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former which draws. The latter, therefore, needs 
little more than the means of holding back. As 
a rule, the warp beam is weighted, the weight 
being proportioned to the character of the cloth 
and various other circumstances which can hardly 
be defined in any theoretic way. 

Cioth Beam. The management of the 
cloth beam is not so simple ; it must be regulated 
in a stringent fashion. Consider how many 
different variations the cloth beam has to meet. 
We may want to spread the weft over a wide 
surface, varying the number of picks to the inch 
by 20 or more. Or it may be that the cloth in to 
be heavy with weft. Then the weft may be thin or 
thick, single or double. For every variation the 
cloth beam must have a certain rate of move- 
ment. This movement is derived from the action 
of the loom, and the rate is deter- 
mined by a train of wheels which 
may be changed either in the 
direction of increase or decrease of 

methods are used. 

e one is called the positive and 
itive motion. 
One is direct and the other in- 
direct. In the latter a lever with 
a pawl, and weighted, is driven for- 
ward with the motion of the slay, 
#0 that the pawl, or catch, pushes 
round the toothed. 
wheel on the end 
of the cloth beam. 
According as the 
weight is light or 
heavy, the cloth 
beam yields less or 
more to the action 
of the slay. Here 
the thickness of the 
thread will have a 
strong influence on 
the movement of 
the cloth beam, be- 
cause, the thicker 
the thread the 
harder the drive. In 
weaving woollens, 
or cloths in which 
the thickness of the 
weft threads vary, 
the non-positive motion is distinctly advan- 
tageous. For cloths in which the yarns are 
regular, the positive motion is to be erred. 
The non-positive motion is merely a matter of 
adjusting the weight of the lever by arough guess 
or the skill born of experience ; the positive 
motion can be regulated according to scientific 
calculation. As we have said, the positive motion 
is carried through a train of wheels. The first of 
the train takes its motion from the loom, and 
the others are moved by it. If 
number of teeth on the wheels which are driven, 
we obtain a difference in the rate of s 
value of cach wheel is measured by number 
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FITTING, ERECTING, & ASSEMBLING 


Approved Practice in Modern Fitting and Erecting Shops. Chip- 
ping and Filing, Erecting, Levelling, Hoisting, and Assembling 





By JOSEPH G. HORNER 


THE terms fitting, erecting, and assembling de- 
note distinct departments of shop practice 
which follow the operations of the turnery and 
machine shop. In each the individual parte are 
built up into the relations which they have to 
occupy permanently. Fitting signifies the bring- 
ing ps Hd of certain sections only, as the parta 
of a cylinder, or the link motions, or the connect- 
ing rod ends, or a set of gears, etc., which have 
afterwards to be built into the complete angine or 
machine. Erecting and assembling both denote 
the latter operations—the final completion of a 
piece of mechanism all ready for service. But 
there is a most important distinction between the 
two. Erecting signifies the building up by means 
of mutual adjustments of connections by filing. 
scraping, reamering, by methods of trial and 
tentative settings. mbling denotes the 
bringing together of parts without any corrections 
or adjustments, similar machined pieces being 
taken at random, and fitting at once into their 
place m any similar machine, being character- 
istic of the posthieradl Siapr a system already 
alluded to in our study of the turnery and 
machine shop. Theso two methods have hittle 
im common Erecting is the older system, still 
unavoidable in massive constructions ; assembling 
isthe modern. The tendency 1s to the substitution 
of this latter system for the older in the manu- 
facture of articles of small and medium dimen- 
sions. The economies secured thereby are enor- 
mous The system 18 indissolubly associated with 
that of gauging, and, therefore, methods of 
measurement sre an essential feature of it— 
gauging involving absolute dimensions as dis- 
tinguished from measurements involving mutual 
fitting and correction. 
Fitting. Narrowed down to tte strict mean- 
ing, this signifies the making of mutual contact 





300. REMOVING A KEY 


between the nature of which contact 
veries. It may be that of plane or of curved 
surfaces. Fitting also may be tight or free. It 
may, further, be something very exact to dimen- 






sions or gs ao See only, fine fitting or coarse, 
and that of soft or of hardened surfaces. Tn the 
construction of mechanisms there is a wide field 
for all grades of workmanship. 

Chipping and Filing. In the older prac. 
tice, chipping occupied a much larger place than 
it does in the present. It isa roughing down opera. 
tion preliminary to filing, and 1s accomplished 
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by cutting small sal by bammer blows directed 
on the head of the cold chisel. The chisel is doubly 
bevelled, and is made in different widths, ranging 
from } in. in the cross cuf, to } in., or] in., in the 
surfacing chisel. The cute are eroerly mado to 
crows each other at various angles. If a large 
surface has to be done, the crows cut is used to 
form a series of grooves, leaving intermediat 
spaces to be dealt with more camly by the broad 
ete than if the whole of the work were done 
this tool. Chipping must never be done 
closely towards an edge, as it might cafwe the 
metal to break out, but away from it, or in a 
diagonal direction The portable machine tools 
have taken much of this work, because, when 
pieces are too massive to be taken to a machine, 
the portable tools are fixed to the work. This 
docs not cover the case of repairs, jobs done 
away from the workshop, and therefuro 
w fitter must be able to chip when tho 
Necessity arines 
Rough filing follows chipping. 
Either the coarse, rough cut, or 
the bastard files are used first, 
followed by the fine or smooth 
grade files; and when great 
accuracry wm requircd, those aro 
succeeded Wy the scrape. Filmy is an art 
to be acquired only by practice. The diffi- 
culty is to file flat. Only dead parallel! files 
are perfectly straight; all others are more 
or lew bellied, which shape is favourable 
to the production of flat faces. The right 


elbow is kept quite close to the workman's 


body, the body moves in unison with the file, 


and ite weight is thrown into the forward 
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ing the return etroke, 
y lifted off the work. 


Economy is ing the direction of 
the strokes ot intervals. Fre 


"teavy fling Uy thing the backs o 
be saved in hea e 
half-round files tofore bse’ fat . The fine 
files should not be employed until the surface 
has been brought nearly level, aa 
and nearly to a finish, ; 


Testing. The testing of y 
surfaces is done with : 


rte of the filed surface the 4 
ocalities from which material 
has to be removed. As the 7 
correction approaches com- | 
letion, the action of the file 
as to be localised by shorter 


a these remarks. Tho 
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eee et ee The shaft is 
true, but for various reasons are ; 
to make fita with the shafts. is 
then worked edgewise in the brass, and red 
is smeared on the shaft journal, == 
Cautions. The practice of filing is of ex- 
tensive application ; but with some remarks on the 
tion of the file, we must close 
emery-cloth or 
paper are often used subsequently to files, 
they impart only a smooth finish. They 
do not effect accurate results, 
which can be produced only b 
Srrry, «Capi The same remar: 
Lid; applies to finish imparted by 
TT draw filing. A good file must 
never be used on the outer, 
hard skin of a casting or forg- 
ing. If this has to be removed 
by filing, an old, practically 
worn-out instrument must be 
begin ie 7 ag 
movi grinding e 
allowance left is amall, or by 
chipping if sufficient in amount. 


» 
Zev Ore 


atrokes, or by operating with 7 ' Or the work may be pickled 
an inch or two only next the ‘ + as for machining in dilute 
int. The red lead mustthen \ ‘sulphuric acid. A new file 
applied more thinly. When 7 should not be used on wrought 


the surface shows contact 
nearly all over nothing more 
can be effected with the file, 
but the scrape will be brought 
into service. This is held at an angle of from 
30° to 40° with the surface of the work, and 
it removes the merest trare of metal from the 
high localities. The surfae plate is still used 
to check results, but the film 


of red lead must be very thin, a ' ae ee 


or else it is not used at all; 
but the mere contact of the 
work with the clean aurface of 
the plate, or a thin film of clear 
oil suffices to indicate the 


work must = be RNC areas 
K 
contact. 
Fit. 
noticed that nothing 


inta of contact. 
e surface of the _f 
wiped clean every 
time of making [| 
Mutual ll 
ting. It will be 
has been said about | 


reason is that the sur- 

face-plate is the onl | 

test, and the wor 

goes er for bolt- 

ing or sliding fits as it 

fitted mutual, incouray in one ould 
mut » inac one pro- 

duce similar icccuraty the other, but of 
ite kind, as concave and convex, etc. 


saad 
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iron and steel, but on brass and 
gun-metal first, because partly 
worn files will not cut these 
alloys well, but will slip over 
them while they are yet capable of working on 
wrought iron and steel. Files that become 
clogged or pinned with particles of steel can be 
cleaned with card-wire; or chalk, or a little oil 

, &pplied to the file lessens the liability 
to pinning. 

Key Fitting. <A section of 
mutual! fitting in which the file has 
to be used generally without refer- 
ence ty the surfae-plate is that of 
key fitting, On correct contact 









between keys and their 
seate the steady running 
of wheels largely depends: 
are driven 


the key, should b> corrected by fili 
it is usually more convenient to ease 
its seating, and the slot is usually assumed 


= 


izing. After 

key is again driven in and removed, the 

process being repeated until good contact is 
obtained and the key is sufficiently let in. 

The removal of keys during fitting is done by 


A ; {sf 0," 
SS = 2 
ee aa Oe 
NES Xa i O 
+ *, : 
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Sy go ny ae 
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MECHANIOAL ENGINEERING 
only partial; the aim of the fitter is to make 
the friction marks appear all over. 

Sunk, or feather keys [810} are let in the ahaft, 
and the wheel, etc., driven ovar them, removal 
and peng Cone done several times as noces- 
sary. en the clutch has to alide as in 
$10, the feathera are secured by countersunk 
screws, or sometimes rivets, to prevent their 
working lonse. Fitting is a quoation of filing the 
tops and sides of the feathers until the clutch 


VITTING-SHOP APPLIANCES 


the key drift [809 A], driven with the hammer 
when it is possible to get through the back of the 
pecking (0), which is edviaable only when the key 
ing (), which is advisable only when the 

Che es ye eer in the shaft. 
Often, however, when the drift (A) cannot be got 
in, Swed. and the bead of ths ket & 

by holding a heavy sledge hammer to 
prevent ing down, which would involve sub- 
sequent tening. Fig. 909 C shows the 
the key top when the contact is 


| 


313. Parkinson vice 314 and 316. Vice clams 316, Trestle 317, Y block 318. Testing foundation with straight- 


T 
ge and spirit level 319. Testing hearings try plutub line 


slides freely, but without shake, special care being 
taken that good contact is made along the sides, 
otherwise loose working will soon ensue. 
Cottared Joints. A special type of fitting 
silied to the keys in that of cottared joints, 
with or without fc toms Though the are 
machined, some adjustments are usually neces- 
in the cotter holes and in the cottars 
bs. The same methods of ae and 
; t as 
the number of pieces invol is greater, 
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considerable care has to be exercised. A com- 
plete pg of this kind will include the stub 
end of a rod, the brasses and strap, the cottar, 
and one or two gibs, with or without set screws. 
Link motion, or motion work for reversing 

and ting the valves of steam engines, 
is high clase tting. The sliding and pivot- 
ing surfaces are case hardened, so that 
though the principal fitting is done 
before pegplongpa some ial rlagien by 
scraping or grinding, or with emery- 
cloth, are necessary subsequently. This 
includes the links, die blocks, pins, and 
pin holes. 

Benches. [Fitters’ benches are 
necessary in all fitting and erecting 
work, not only to carry vices, but to 
afford a surface at a convenient 
height for as and building up 
the small parts of mechanism, as dis- 
tinct from those erected on trestles or 
on blocking on the shop floor. 
The bench also carries small 
tools and various appliances, 
some in drawers. 

The common timber benches 


built up something like that of (uf 


a carpenter, but carried along 320 TESTING CYLINDER CENTRE BY 
PLUMB LINE 


for a considerable length, have 
given place in many shops to 
those of cast iron, which are more ngul, durable. 
end cleanly. An example to go againet a wall 
is shown in 811. The cast iron portion con- 
sista of the leg or standard (A) fastened to the 
floor with a coach screw, and to the wall 
with @ couple of countersunk screws entering & 
wood packing. The thick piece of timber (B) 


= 


iO 





a@ narrow shelf (D) is supported above C to carry 
smell tools and the gas or electric light Attings. 
The frame for the drawer is mounted inside 
casting at E, and a lower shelf (F) and back (GQ) 
orm a useful addition for holding tools 
and work. These eeeae laced from 4 ft. 
to 5 ft. apart, the timbers, of course, running 
across continuously. 

Double Bench. A double and self- 
contained design, such as is used in the 
shops of John & Sons, of Johnstone, 
is shown in 812. Here two cast-iron 
standards (AA) are bolted together, with 
a thick piece of timber (B) between. 
Alternatively, one Jeg alone may be 
attached against a wall, as in 811. 
Longitudinal timbers (C) are laid 
across, and then faced with hard 
maple 14 in. thick, placed trans- 
versely and tongued together as seen 
in the front view, showing also the 
drawer hung on bearers screwed 
to the underside of the planks 
(C'). A deep boss is provided, 
as in the previous example, for 
attachment of the vice. E and 
F are shelf and back boards to 
carry work in pe tia clear of 
the floor. Small shelves (G) are 
attached to the upright (B), 
and a gas-pipe is also supported thereby. The 
height of such benches averages 2 ft. 10 in. to 
the top of the board. 

Vices. Fitters use both the ordinary screw 
and the instantaneous action vices, the advantage 
of the latter being that the jaws may be opened 
and closed instantly to any size without the 
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the Pees top, on stands 
well as c e vice 
bolt camag awn through 
e casting. At 
thinner timber ie used, packed up on strips ; 


tedium of turning the screw many times. The 

inson vice, a combination type, is seen in 
313. It has a fixed jaw (A) bolted down to a 
bese (B), and embracing the sliding jaw (C). 
The latter carries a buttress thread screw (D), 


: fiddding t belt wut (BE) lying in a recess in B. The 
‘ eoreif, or the instantaneous action, is alternatively 
nut 


9 
—— — as desired, according to 
is lowered out of mesh with D 
(as seen), or whether it is raised ep. to Sener: 
In the first: case the jaw (C) may be slid freely to 
and fro; in the second it can be moved only 
by rew by the long handle, acting 
screw vice. The move- 
is uced by the lever F, which, 
the hand to the knob of the 
(D), turns the fiat strip (G) lying in a 
in E, and lowers the latter. en F is 
the spring (H) draws it outwards, 


rated jaws being 
only suitable for 
black or rough 
work. Sheet iron 
or copper clams 
(814] are suitable 
for ordinary use, 
but for brass or 
other soft work 
thick lead clams 
are desirable. 
Various special 
forms are also employed, 
such as those with V 
grooves for rods, serrated 
grooves for piping, and 
those made in one piece to 
support shafts without riek 
of was ing down. It 
is andy in fitting u 
shafts | to be Sole to eral 
them at intervals, and the 
clams in 815 permit of this. 
A considerable amount of 
fitting up is done on treaties 
(816). two or more being 
used for a piece of work. Shafts are supported 
thus for key and other fitting, resting in V blocks 
[817], often in preference to using the bench vice, 
because the latter is not so convenient, and does 
not allow the workman to walk all round the cain 
Erecting. Erections are assumed to deal 
only with rather heavy work which cannot be 
done on the bench. Work come on the 
bench is properly fitting, so that a p or 
sal moter bench work, would be eyes cether 
ing; buta pump or engine pu 
the floor would be erecting. 
Levelling. Erecting generally involves 
ions or relations too large for the employ- 
ment of rules and small instruments of measure- 
ment. Hence, the spirit level and the plumb 
line are of regular utility. Hence, too, most 
ie built ap from a truly horizontal founda- 


‘ 
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tion uf some kind or another, which may be 
either a part of the machine fteelf or an arti- 
ficial and temporary basis. Most engines and 
machines have some kind of solid foundation 
in the form of bed, bed-plate, baso-plate, or 
base in one continuous length, or in two or more 
disconnected parts. In erection, theso are 
levelled up truly horizontal by means of a apirit 
level laid on a straightedge [818]. Usually they 
are levelled and wedged up on heavy timber 
blocks out from kat pee When there is much 
work of the same kind, a permanent foundation is 
Jaid in the shop, on which to bolt the actual founda- 
tion of the engine or machine. Somo cranes are 
thus built on bases, travelling cranos on rails 
over pits, locomotives over pits, marine ongincs 
down in pita, and 
rh on. In cach case 

oro any super- 
structural fits ae 
done the actual 
foundation in fixed 
and levelled, and 
any necessary fine 
adjuatments are 


made by wedges. 
Once levelled it Hi 
mains permanently 
fixed until tho 
superstructure = is 
completed over it. 


Reasons for 
Levelling. The 
necessity for level- 
ling is to have o 
basis from which to 
erect perpendicular 
faces and centres, 
and algv to ensure 
parallelism of all 
arts that lie in 
1orizontal planes. 
If the base ix 
levelled, all other 
horizontal faces arc 
fixed by tho em- 
ployment of the 
spirit level. If 
perpendiculars arc 
erected, all perpen- 
diculars and horizontals must obviously be at 
right angles with each other without any noed to 
set by squares, though this would still be done 
in the case of short or low faces and centrox. 
But the use of a square is obviously impracticable 
when heights of many feet are concerned. 
Neither can a square be applied in many cases 
where a plumb line can be, a4 through the centre 
or axis of a bearing for example. The practice 
of levelling can be extended to include bearings 
for shafts which may have no other bases for 


adjustment, and for poe, eae at right 
or other angles with each . The bottom of 
the bore is then used for the working base, 
parallel straigh being laid t and 


receiving the apirit level on the top 0. 
Another way is to lay the actual shaft in 
bearings, and level the top edge of the shaft. 


3601 


imetemiens:, ennpsenmmient 


B& are posited in all levelli 
crbeny Se fength or area to be checked in 
two or three feet, and must, of course, 
be parallel, the bottom coming on the 
and the level ia, on the top edge. It 
is necessary also to turn the level about end for 
end in case the instrument should be out of 
trath. Or levels with an adjusting screw may 
be used. 
The value of a truly horizontal base is seen 
of subsequent erection. If 
taken from that base to any 
centre above, the spirit level ensures parallelism. 
If shafte or faces are not situated perpendicularly 
over one another, so that direct measurement 
cannot be taken, each one can be measured 
directly from the base. Parallel parta in the 
horizontal plane can be meas off at any 
eh il from the base by dropping a plumb line 
and by taking horizontal dimensions therefrom. 
Bearings in the same perpendicular axis are 
centred by dropping a plumb line through the 
centre of the upper one [819], the bob coming 
over the centre of the lower one, both bearing; 
being bridged with wood on which to get the 
centres. A boaring above can be centred by a 
plumb bob over a centre on the base plate below, 
or to one side of such a centre to any dimension. 
The centre of a cylinder can be located plumb 
with a shaft bearing similarly [820]. 

Centrea and Edges. The measure- 
ment of distances between shafts or faces is 
variously done, sometimes by centres, some- 
times by edges. The latter in, as a rule, tho 
more convenient method, though centres are 
the dimensions Jaid down on drawings, and 
when lining out work. In erecting 1t would 
often be difficult to employ centres. Having 
shafts or faces in the same gamer calipers or 
a rod gauge are gencrally employed in preference 
to the rule, measurement being taken between 
the adjacent shafts or faces. If they are not 
in the same plane then a parallel straightedge 


‘ id t = Ng ‘ 
: e Nae ee ‘ 
‘ : ry 4 
‘ g 












(Heudey Machine 






$23. FITTING SHAPING MACHINES IN LARGE NUMB 
Company, Torrington, Conn., U.8. A.) 


may generally be carried along and set horixon- 
tally” means of a level, and measurement 
taken from that to the second shaft or face. 


Straining Line. In some cases a 
straight cord or fine wire is employed as a 
centre from which to take measurements. 
This is most convenient in engine erecting. 
The wire is strained taut down the centre o 
the cylinder bore, retained centrally by sigh 
in the ends, and being carried beyond to the 
guides and crank shaft bearings, measurement Is 
taken therefrom. The same device is employed 
in testing shaft bearings arranged in line along 
a shop wall, or along the girder of an overhe 
deavelling crane. It is also used in order to 
observe the amount of set, or deflection, which 
a beam or girder undergoes when loaded. An 
alternative to the strained cord in the adjustment 
of bearings in a horizontal plane is to lay the 
shafting in, in successive nee levelling each 
length in turn with the spirit level, and coupling 
up as the work proceeds. The strained cord 
would still be employed for checking dimensions 
laterally. In a long Jength of shaft involving 
numerous bearings, a wire would sag or drop 
slightly. hence the preference given to the 
spirit level, but 1t would not sag laterally. 

When pieces of work have angular relations 
in plan, and dimensions are large, the plumb 
line 1s usually preferred to the square or bevel. 
The relations of mght or other angles are 
marked on the base, or bed plate, by geometrical 
methods preferably, but never by small instru- 
ments, the errors in which would be magnified, 
and the plumb line is dropped to these lines. 
In small work, of course, squares and bevels 
are employed 

In setting and checking dimensions it is 
necessary to be careful to avoid errors, which 
are less likely to arme in working by centres 
than by edges. Addition or subtraction for 
thicknesses and semi-diameters have to be 
made, and allowances for any maccuracies in 
— rough work. Asafe course to 
adopt when there are a num- 
ber of dimensions in one plane 
is to add them all, and see if 
they total to the correct over- 
all dimensions. This serves 
to check both the drawing and 
the workman's reckonings out. 

Gear Wheel Centres. 
A part of the erectors’ work is 
often that of lining out. Thus, 
it may happen that certain 
centres cannot be obtaimed 
until the centres of gear wheels 
have been determined. When 
there are trams of iron and 
steel wheels with cast teeth, 
shrinkages and exact centres 
cannot be determined before- 
hand. Hence, the centres of 
bearings are often marked out 

ig ag Bag wheels themselves. 
set of gearing. The shafts 
ABC have to be connected 





often give much trouble 
in centree—more than those 
of iron do, because of their | 
greater and uncertain shrink- 
age ; hence, one reason for the 

i popularity of cut 
gears, diameters of which | 
are exact. The shaft fittings 
include the keying up of fixed 
gears, and the fitting of the 
sliding or feather keys and 
paces The latter are slid with a clutch motion, 

, or a sliding clatch engages with the gears as 
at J and K. 

Erecting an Engine. Fig. 832 illus- 
trates a compound horizontal engine which will 
serve as an object lesson on erecting of the class 
of which it is typical. In any work of this 
kind there are, of course, alternative methods, 
into which we cannot enter. But, broadly, 
there are two ways in which such an engine 
could be erected, one being by taking section by 
section, and measuring and checking each ; 
the other by doing all the machining by templets 
Ba ERPEOr made from a first engine completely 
fitted up, and then taken apart and each part 
being used as a templet, or gauge, or employed 
to make these from. This method is suitable 
when a considerable number, say above ten or 
@ dozen engines, are wanted all alike. This is 
a half-way device between erecting and axsem- 
Bling : for slight adjustments would have to be 
made, as reamering of bolt holes through parts 
in place, and easings with file and scrape. Yot 
for a class of work of medium size these slight 
corrections would not invalidate the term 
“interchangeable” applied to such a class of 
work, though not in the stricter sense in which it 
is applied to the smaller mechanisms. 


, top, a, I 
the bottom might be also, 
be left rough. But a is the face to be 
levelled, both before erection of the engine in 
the om ae at the time of its erection on its 
. Acentre line, }, is run along the 

to right and left of this the contre 
lines, c, d, of the cylinders are marked, and at 
right angles with these the line, ¢-/, for the crank 
incipal work is done. 
important centre is 
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(C. Redman & Sons, Halifax) 





g-h, cores with the axis of the cylinder, 
croas head, and crank shaft in the horizontal 
plane. 

Details of Erection. In the figuros the 
cylinder lagging conceals the joints, but the 
two cylinders are caat separately, and bolted 
together. In some cance they arc caat as one. 
But in eithor case the machining in finished—- 
boring, facing, ctc.—before they are put on 
the bed plate, and if cast separately, they are 
bolted together before being attached to the 
bed plate. They are then clamped to the bed 
plate, and bolt holes drilled and reamered, after 
due checking of the longitudinal accuracy of 
the cylinder axis. Being set over their centres, 
a straightedge is pussed down the bores to the 
crank shaft, provided the guides, D D, are not 
cast with the cylinders, and lateral mousure- 
ments taken there Or a cord or wire is strained 
down the centres through wood strips bridging 
the ends, and measurement taken from thut 
before the final reamermy is done. The crons- 
head guides, DD, are shown as cast with the 
cylinders, Often they are cast separately and 
bolted on. If so, they are attached to the 
cyhnders before the latter are bolted to the 
bed plate. The piston and piston rods, together 
with the glands and covers, will have boen fitted 
to the cylinders at the bench, and these will be 
removed during the setting of the cylinders by 
the straining line. By the same line the positions 
of the crank shaft bearings, E E, will be adjusted 
laterally, before their bolt holes are drilled and 
reamered. ‘The bearing centres will be aquarod 
up from the centre line e-/, scribed on the bed. 

crank shaft, F, is now a in in, and the 
connecting rods, G G, fitted to the shaft at one 
end, and the cross heads, H, at the other. If, 
however, these parte had all been made by 
ore from a sample engine, then the cylinders, 
guides, and rods would be set bodily at once, 
and cone made to the crank shaft iba no 
settings ustments, except, perhaps, a 
slight amount of reamering of bolt holes. The 
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Notice how the expression —-ap+ bq+ cr is 
formed from the denominators of the given 
fractions, by taking —a@ times the first denomi- 
nator, b times the second, and c times the third. 
By the result just proved, we know that the 
given fractions are each equal to a fraction with 
denominator — ap + bq + cr and whose numerator 
is formed in the same way as the denominator, 
viz,, by taking --a times the first numerator, 
b times the second, and c times the third. 

Hence the given fractions are exch equal to 


Denoting this constant value by /, we have 
+ = k, and therefore the value of k can be found 
when we know one set of corresponding values 
of a and b. 

Example. If @ varies as b, and a is 2 when 
b is 15, what is a when b is 9? 

Since a « b, we have a = kb, kh being constant. 
Therefore, since a= 2 when b= 15, it follows 


2 
that 2=16/, or k= is’ 


~ a (cyt+bz) +b (az+en)+e (ba+ay) _ Ziv. Hence, when b= 9 we have 
—ap+ba+er —aptbgte? 


by collecting terms in the numerator. 


In exactly the same way we can show that 


each of the given fractions is equal to 


ey and also to a 
ap— bq + er ap + by—er 


Therefore these three expressions must be 
equal to oneanother. On dividing each of them 
by 2abe we obtain the required result, viz., 

oC y 4 


a=Ox a1} Ans. 


142. One quantity is said to vary inversely as 
another when the first varies as the reciprocal 
| ixamples 80, No. 2] of the other. 


— 1 
Thus, @ varies inversely as b, when a « G2 ho 


that a= +, where /; is constant. 


One quantity is said to vary as two others 


a(—ap-+ bg + er) ae (ap—bq-¥ cr) ae (ap + by ery jointly when it varics as their product. 


140. The method used in Art. 189 of putting 
each of a number of equal ratios equal to a 
single letter, i, can always be followed in such 
cases as the following. 





Example. If aibiieid, prove that 
ai:atciiat+biatb+c+t+d. 
ac ; 
Let 7 ae oe k. 
Then, a= hi. ande= dh. 
~ a _ Uk _ Ob 
“*ate bk+dk b4+d 
and 
a+b _ bk+b 1) 
atb+et+dad 6 (+1)4+d (k41) (b4d) (k41) b40 
Thus, 
a+b 
eens |) sea ae tet 
a+c a+b+c+d 
are each cual to ’ : 
b+d 
Therefore, 
aiatciiat+biat+bt+cr+d. 
VARIATION 


141. Consider an article sold at a fixed price, 
say, Gd. per yard. It is evident that if we 
double the number of yards we double the total 
cost ; if we take half the number of yards we 
mtke the cost amount to half its former value, 
and soon. When two quantities are related in 
the way that the number of yards and the cost 
are here related, so that any two values of 
the one quantity are In the saine ratio to one 
another as the corresponding values of the other 
quantity, then the one quantity is said to rary as 
the other quantity. 

The words ‘‘ varies as” are denoted by the 
symbol «, so that ‘ta varies as b” is written 
‘a o &”, wid ineans that the ratio a:b has 
always the same value. 


Thus, a varies as 6 and r jointly when a be. 

One quantity is said to vary directly as second 
and imversely as a third when its ratio to the 
product of the second and the reciprocal of the 
third is constant. 

Thus, @ varies directly as b and inversely as c 


if a:bx = is constant, 1.¢., if a= kb where 
C c 


1. is constant. 

As in Article 141, the constant can always be 
found when one set of corresponding values of 
the quantities is known. 

Example. The volume of a right circular 


6 cone varies jointly as the height and the 


square of the radius of the base. The volume 
of acone 14 in. high and having a base of 3 in. 
radius is 182 cubic in. What is the volume of 
a cone 9 in. high with a base of 3} in. radius 7 
If V=the volume, r= radius of base, and 
h= height, then V « 7h, so that V = hi*h. 
fence, when V = 132, r= 3, and h= 14, we” 


° 
have 132=khx9x14. Therefore, k= a and 
when h= 9 and r = 38, 

va 22 (LY x 9 cubic i 
= y x ry x cupnic in. 
= 1153 cubic in. Ans. 
Answers to Algebra 

EXAMPLES 33 


1. lo. 8. 2/2 + /3. 

2. 23/3. 9. 7- /3. 

3. 52/3, 10. 2/3. 

4, 26. 11. + vo + N17 
) ae ° 

5. 2 4) 17 
so 12. 0, 1. 

6. ‘243. a as 

/1() 8 13. ” or 42 
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By Dr. A. J. HERBERTSON, M.A.,, and F. D. HERBERTSON, B.A. 


New Guinea. New Guinea (nearly 300,000 
sq. miles) stretches between the islands of the 
Malay archipelago and Australia. Much of it 
is mountainous, peaks in the Owen Stanley and 
Bismarck ranges rising to at least 13,000 ft. or 
14,000 ft. There are many large rivers, of 
which the Kaiserin Augusta in the north, and the 
Fly in the south, are the largest. The northern 
part of New Guinea has rain at all seasons, but 
most in northern winter months with the 
northern monsoon, and is covered with dense 
tropical forests. Little of the interior, however, 
has yet been explored. The south has less rain, 
and this falls chiefly during the northern summer 
months, when the southern monsoon blows. The 
vegetation here is open forest, with many 
eucalyptus and mimosa trees. 

Politically, the island is divided between 
Britain, Germany and Holland. Port Moresby 
is the chief place in British New Guinea. 


AUSTRALIA. 

The Australian Commonwealth (3,000,000 sq. 
miles), consists of the continent-island of Aus- 
tralia, with the neighbouring island of Tasmania 
(26,000 sq. miles). It includes the States of 
Queensland, New South Wales, Victoria and 
Tasmania in the east, South Australia in the 
centre, and West Australia in the west. 


Seas, Gulfe and Islands. Australia 
lies to the south of the islands of the Malay 
Archipelago, from which it is separated by the 
Timor and Arafura Seas, and to the south of 
New Guinea, from which it is separated by 
Torres Strait. Its western shores are washed by 
the Indian Ocean, its eastern by the Pacific. The 
shape of Australia is compact, with few peninsulas 
and gulfs, Let us look out in a map Cambridge 
Gulf in the north-west, the great Gulf of 
Carpentaria, enclosed by the peninsulas of 
Arnhem Land and Cape York in the north, and 
on the south coast Encounter Bay, Spencer Gulf, 
and the Great Australian Bight. Notice how 
few islands lie off the coast, the only considerable 
one being Tasmania, a detached fragment of the 
continent, separated from the mainland by Bass 
Strait, above whose waters rise small islands. 
Though lacking in gulfs, Australia has many 
inlets, which form excellent hasbours. Among 
.them are Port Jackson, which ‘forms Sydney 
Harbour, one of the finest in the world, and Port 
Philip, the harbour of Melbourne. 


Mountains and Rivers. The highest 
land in Australia forms the eastern highlands, 
which, under various names, stretch along the 
east coast of the continent, and are continied 
in Tasmania. These highlands, generally called 
the Great Dividing Range, are highest in the 
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south-east, where the Kosciusko group reaches 
7,350 ft. To the west of this the highlands are 
known as the Australian Alps, and north they 
are known as the Blue Mountains, the Liverpool 
Range, etc. These long formed a barrier to 
expansion from the coast to the interior. 

The most formidable barrier to exploration 
was the Blue Mountains behind Sydney. Ex- 
pedition after expedition was unsuccessful in 
attempting to find a route across them. 
“Between the ranges lie yawning chasms, 
deep-winding gorges, and frightful precipices. 
Narrow, gloomy, and profound, these stupendous 
rifts are enclosed between gigantic walls of 
sandstone rock, sometimes receding from, some- 
times frightfully overhanging, the dark bed of 
the ravine, and its black, silent eddies or foam- 
ing torrents. Everywhere the descent into the 
deep abyss is full of danger, and the issue 
almost impracticable.” At last routes were 
found, and the railway is now carried across 
this formidable barrier. 


Rivera of the Eastern Highlands. 
The eastern highlands lie near the coast, and 
descend more or less steeply to it. Under such 
conditions, no long east-flowing rivers can be 
formed. Look out the Burdekin, Fitzroy, 
Brisbane and Hunter. 

The rivers from the western slopes of the 
northern part of these highlands carry little 
water, ane Jose themselves in the dry interior, 
except after rains, when they flow to Lake Eyre. 
The largest is Cooper's Creek. The higher, 
better-watered, southern part gives rise to the 
only considerable river of the continent, the 
Murray-Darling. The more northerly waters 
are gathered up by the Darling, which flows 
south-west to its confluence with the Murray, 
which has gathered up the rivers of the southern 
highlands, the most considerable being the 
Lachlan and the Murrumbidgee. The main 
stream of the Murray comes from the Australian 
Alps, issuing from the mountains, like all the 
rivers of this part of the system, in a profound 
gorge, which is known as the Gate of the Murray. 
plains surrounding the Murray and _ its 
tributaries form the Riverina district, which 
affords excellent pasture. 

. TheCentral Depression and Western 
Plateau. West of the Murray, which widens 


_at its mouth to Lake Alexandrina, rises the 


Flinders Range. West of this is a depression 
which extends across the continent from the 
Gulf of Carpentaria, the submerged northern 
part of it, to Spencer Gulf in the south. The 
rest of the continent is a low plateau, highest 
round the margin. rivers shown in maps 
are, for the most part, dry channels, except 
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after rains, The Swan River in the south-west 
should be noticed. 

Climate. If we look at any map of the 
world, we see that the greater part of Australia 
is in the same latitudes as South Africa. We 
also notice that Australia is extremely broad 
from west to east, and that its general elevation 
is low and uniform, both favouring a dry climate. 

Australia is almost bisected by the Tropic of 
Capricorn, which crosses it at its broadest part. 
A very large part of the continent, therefore, 
has the hot summers and warm winters of 
tropical lands. The summer solstice coincides 
with the earth’s position in perihelion, when the 
sun is 1,500,000 miles nearer the earth than at the 
summer solstice of 
the Northern 
Hemisphere. For 
thisreason,and also 
asa consequence of 
the absence of a 
protectivecovering 
of vegetation, very 
high temperatures 
are recorded in the 
interior of the con- 
tinent, where the 
ground is some- 
times so heated, 
that a match fall- 
ing on it ignites. 
Only in the ex- 
treme south is the 
climate temperate, 
but with warmer 
summers and win- 
ters than our own. 

The north and 
north-west coasts 
are in the monsoon 
region of wet 
summers and dry 
winters. The 
eastern highlands 
condense the 
winds from the sea and provide a fairly abundant 
rainfall for the east coast at all seasons, but 
most in summer. Parts of the south-east and 
south-west have a moderate rainfall, which is 
of the Mediterranean type, and falls in winter. 
The interior of the continent is for the most 
part an almost rainless desert. Tasmania has 
rain at all seasons, and differs little in climate 
from the Channel Islands, 

Vegetation. Australia scems to have 
been cut off from the rest of the Old World very 
early, and its plants and animals are in many 
eye exceptional. The trees are evergreen, 
and suit the hot, dry climate. The tough, 
leathery leaves are set sideways, presenting 
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their edges and not their surfaces to the sun’s | 


rays, thus greatly reducing evaporation. This 
makes them very shadeless, but a3 a com- 
pensation allows grass to grow where it would 
otherwise be impossible. The trees grow tall 
and straight, and stand well apart. The 
commonest is the eucalyptus, or gum tree, the 
species of which are very numerous. Many 
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shed their bark annually, and the long, dead 
strips fluttering in the wind give a weird ap- 
pearance to the landscape. In the drier regions 
many trees possess water-storing properties, 
as in the other arid regions of the world. 


Drought-resisting Planta. The hot, 
wet, northern tropical regions are covered 
with tropical forests, with such trees as screw 
pines, palms, bamboos and mangroves along 
the coasts. On the drier western margin the 
forests Open out and pass into savanas. The 
trees diminish in height, and grass or dwarf 
bushes known as scrub predominate. Of these 
the commonest are the dense brigalow scrub, 
the mulga scrub—a sharp, spiny plant very 
difficult to pene- 
trate, the dreaded 
spinifex or porcu- 
pine grass—whose 
hard, sharp- 
pointed leaves, re- 
sembling groups of 
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bayonets, _ inflict 
cruel wounds, and 
the salt bush, 


which covers vast 
areas of Eastern 
Australia. All 
these are drought- 
resisting _ plants. 
Towards the in- 
terior even this 
hardy vegetation 
disappears and the 
country becomes a 
desert. ; 

The east coast 
is well wooded in 
the wetter part, 
various species of 
eucalyptus _pre- 
dominating.  Be- 
yond the Divide 
the woods pass 
into grassy downs, 
scrub and desert. Hardier even than the 
eucalyptus are the acacias, or wattles, of which 
numerous species occur. 

In the regions of winter rains in Victoria and 
Western Australia are found two valuable 
species of eucalyptus, the jarrah and the karri, 
both hard, durable woods in great demand. 

Animal Life. Some curious types of 
animals are found in Australia. Many are 
marsupials, which bring forth their young 
prematurely, to complete their development in 
the mother’s pouch. The kangaroo and the 
opossum are the most familiar. Other creatures 
combine the characteristics of reptiles and 
mammals. The numerous species of birds 
include the emu, cassowary, lyre-bird, etc. 
The domesticated animals of ae have 
been introduced, and sheep are extremely 
numerous. The rabbit has become a pest, 
and starves out sheep by eating up the grass. 

Occupations and Population. Aus- 
tralia suffers from two drawbacks—drought 
and scanty population. The population is 
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mainly confined to the coast, and chiefly to the 
State capitals, especially Sydney and Malboutie, 

The exploitation of tropical Australia is ren- 
dered difficult by the question of labour. It 
is not a white man’s country, but the introduc- 
tion of indentured coloured labour is open 
to grave objections. In Victoria and South 
Australia wheat is cultivated; and many fruits, 
especially the vine in the regions of winter 
rain, come to perfection. As a permanent 
Occupation sheep and cattle breeding will 
probably always bs more profitable than 
agriculture. Gold mining is extremely im- 
portant. Enormous sums have been spent 
in Queensland and other parts of Australia in 
sinking deep artesian wells to the water-bearing 
strata, in order to render irrigation possible. 
Manufacturers are protected by a heavy tarifi, 
but the great stimulus to development, a large 
home market, is yet wanting. 

Races. The aboriginal inhabitants are 
dying out, and the bulk of the population is of 
British descent. The aborigines were at a 
low level of culture, subsisting on the produce 
of the forests and grass lands, and practising 
hardly any arts. There is a strong Australian 
opposition to the immigration of the yellow 
races, who have secured a precarious footing 
along the northern coasts. Here, again, an 
ample population would be a better safeguard 
than legislative enactments. 


QUEENSLAND 

Queensland (668,000 sq. miles), is a dise 
tinctively tropical colony. The Dividing Range 
recedes from the coast, giving Queensland 
navigable east-flowing rivers, whose alluvial 
lands receive abundant rains from the Pacific. 
The lands round the Gulf of Carpentaria receive 
less rain, while the interior is dry. 

The Forests of Queensland. The 
coastal lands of Eastern Qucensland were 
originally densely forested; but with the 
advance of settlement forests are rapidly dis- 
appearing. Sawmills have sprung up in ali 
directions, and in the forest clearings maize, 
tobacco, sugar and cotton are planted. Coffee 
has been introduced into the scrub lands of 
Northern Queensland. An immense variety 
of fruits can be grown, including the coconut 
and date palm, the banana, which grows wild, 
the pineapple, orange, lemon, mango, and 
many others. 

In the Dividing Range the forests remain 
in their original magnificence. ‘‘ Centuries old, 
and towering 200 ft. above you, their topmost 
branches massed with orchids and _ lichens, 
rise the huge, russet-brown columns of the 
bunyas, the ringed, majestic heights of the 
pine, and the smooth white pillars of the 
beech, 100 ft. without a limb. Festoons of 
brilliant creepers and the thick cordage of the 
scrub vine swing overhead. At times you pass 
down avenues of white and yellow orchids, 
past beds of arum lilies, and between dark- 
green walls of scrub myrtle, or through a minia- 
ture forest of tree ferns. Here the moss-cor ‘ad 
trunk of some fallen cedar giant shows amidst 
a rambling mass of wild raspberry bushes ; 
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there a huge Moreton Bay fig-tree spreads a leafy 
shade, its hollow trunk a network of grey cables, 
inside which a man can climb for 40 ft.” 

The Darling Downs West of the 
Divide lie the grasslands of Queensland. The 
richest portion is known as the Darling Downs. 
This is a fertile and well-watered plain, some 
70 miles by 30, surrounded by mountains whose 
streams have covered the Downs with fertile 
alluvial black soil. At present it is mainly a 
pastoral and fruit-growing region, but mixed 
farming and co-operative dairy industries are 
developing. Large areas are being sown with 
wheat, maize, and lucerne, and as settlement 
advances the Darling Downs will supply wheat, 
cereals, potatoes, and malting barley, as well as 
butter, cheese, bacon and fruit. The pastoral 
products of these and the other grasslands— 
wool, hides, meat, tallow—are of great value. 
There is a large export trade in frozen meat, 
and along the east coast are many freezing 
works, boiling down works, preserving works, 
and chilled meat stores. 

Mining Industries of Queensland. 
The mineral wealth of Queensland consists of 
gold, silver, copper, tin and, in fact, most metals, 
and many precious stones, such as sapphires. 
Among many famous gold mines Mount Morgan 
may be mentioned. Originally bought for £1 
an acre, it has paid nearly £5,000,000 in dividends. 
Charters Towers has yielded over £14,000,000 
since 1872. 

Artesian Wells. The western part of 
Queensland is dry, but in recent esgie it has been 
found possible to obtain water by sinking deep 
artesian wells. Up to June, 1902, nearly 950 
such wells had been sunk, the deepest of which 
was over 5,000 ft. while several others exceeded 
4,000 ft. Many hundreds of millions of gallons 
are thus obtained daily, so that a country which 
& few years ago could not be settled is ‘ now 
traversed for miles by the lines of rushes which 
follow the overflowing waters as they meander 
for miles over the downs, Jed in channels formed 
by huge ploughs made for the purpose ” 

Towns of Queensland. The towns 
are chiefly along the coast, opposite breaks 
in the Great Barrier Reef, which skirts the coast. 
Brisbane, in South Queensland, the capital, is 
the outlet for the rich Darling Downs region, 
in which are situated Toowomba and Warwick. 
Other busy towns are Maryborough, near a sugar, 
gold, and fruit-producing region ; Rockhampton, 
the chief place in Central Queensland, the outlet 
for wool and other pastoral produce, and for the 
gold of Mount Morgan ; Mackay, a sugar town ; 
Townsville, the principal port of North Queens- 
land, connected by rail with Charters Towers 
and other goldfields; and Cairns, in a district 
growing rice, sugar, coffee, cacao and other 
tropical produce. 


NEW SOUTH WALES 
New South Wales (310,000 sq. miles) is 
the oldest Australian colony. The climate is 
sub-tropical in the north, while the difference 
between winter and summer temperatures is 
not great in the east. The south is temperate. 
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In the interior, where the heat of summer is 
intense, the range of temperature is much 
greater. The rainfall of the cast coast is gener- 
ally sufficient, but west of the Dividing Range it 
becomes very scanty, and long periods of drought 
are common. 

The Dividing Range. Thisis from 3,000 ft. 
to 7,000 ft. high, and fronts the coast steeply at a 
distance of from 30 to 120 miles. It culminates 
in Mount Townsend, in the Kosciusko group, 
which just rises above the snow line, and secures 
to the Murray a permanent flow. The coastal 
belt is fertile and crossed by many small rivers, all 
liable to flood after rain. West of the Dividing 
Range lie pastoral regions drained by the fan- 
like tributaries of the Murray and Darling, 
many of which are empty in the dry season, and 
flood the country after heavy rains. This region 
passes gradually into the desert, on the rg be 
of which the camel has been introduced for 
trans purposes. 

Resources of the Colony. About one- 
fourth of the colony is wooded, and the forests, 


which are mainly composed of various species of 
eucalyptus, produce some beautiful cabinet 
woods. There are many sawmills in the forest 
area. 

Agriculture is carried on in the better watered 
east, and is growing in the Riverina district. 
Wheat and maize are the chief cereals, the former 
producing flour of superfine quality. The 
brewing industry is developing. Sugar is culti- 
vated in the hotter northern part of the colony. 
The orange is the chiof fruit grown. In the drier 
west, agriculture is difficult, but in the irrigated 
districts various fodder crops are raised. 

The minerals of New South Wales are valuable. 
Gold is widely distributed. Silver and silver-lead 
are abundant round Broken Hill in the west. 
Coal is mined round Newcastle, Illawarra, and 
Lithgow, where iron is smelted. Opals are found 
in some districts, though they are not of the 
finest quality. 

The great resource of New South Wales is 
the toral industry. In 1901 the colony 
contained 21,000,000 sheep, the merino breed 
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predominating. Where herbage is poor the 
runs have to be very large, but the productive 
wer is enormously increased when irrigation 
om rivers or artesian wells can be carried out. 
Rabbits are a great scourge, and rabbit-proof 
fences are erected at great expense in the 
pastoral Jands. The products of the pastoral 
industry are wool, hides, leather and meat. 
Meat preserving, boiling down, and _ wool- 
washing establishments are numerous. Bourke 
and Wilcannia are important pastoral centres. 

Drought in Australia. <A vivid account 
has lately been written of the horrors of an 
Australian drought. ‘Sunrise comes with a 
fiery red glow, and a scorching wind. After a 
hasty breakfast washed down by milkless tea, 
the pastoralist throws himself into the saddle 
and rides to the big station tanks to superintend 
the work. Round the shrunken pool of yellow 
water stands a row of sheep, unable from sheer 
weariness to extricate themselves from the mud 
into which they have rushed in their eagerness 
to drink. The owner looks at the bleating ani- 
mals, mere skeletons covered by wool and hide, 
with a dull wonder that they have lived so long. 
He rides on. On all sides are skeletons and 
decaying carcasses. Not a blade of grass is to 
be seen anywhere, nothing but the scanty black- 
green foliage of the gums, and in the distance 
the grey, dusty mulga-scrub. He heads for tho 
scrub, crossing the creek, bed, now dry and 
choked with dust. Men are cutting down the 
mulga, the only food the station affords to the 
starving sheop. The animals eat it, but not 
eagerly, even though ney are starving, for it is 
tough and uninviting. The next visit is to the 
stud flock, once the pride of the station. From a 
deep water-hole a man is pumping water into 
troughs, while another is opening bags of chaff. 
This is hand feeding and an expensive business. 
Every sheep costs 6d. a day to feed, for the chaff 
has to be brought hundreds of miles by boat 
and train, and last of alt by team or camel train. 
The sun climbs higher, and the feeble sheep 
creep into the shade of the gum trees. Men set 
about removing the hides and wool of those that 
have recently died. The choking wind sweeps 
across the sun-baked land.” 

Towns of New South Wales. Sydney, 
the capital, has now eclipsed its former rival 
Melbourne. It is the terminus of many impurt- 
ant steamer routes both from east and west. Its 
harbour on Port Jackson is one of the finest in 
the world. “One might live in Sydney a life- 
time and then not know every arm and nook of 
Port Jackson. Each of its inlets is, in a way, 
a reproduction of the main harbour.” The city 
is built in red and yellow sandstone on the heights 
round the bay, and presents a fine appearance 
from the sea. Newcastle is the second town 
and the principal seaport north of Sydney. 
Goulburn is an important centre in the moat: 
Bathurst, 150 miles west of Sydney, is the centre 
of an agricultural, pastoral, and gold-mining 
district. Many other towns are on the road to 
prosperity, but at present population is too 
much concentrated in the capital, Sydney. 


VICTORIA 

Victoria (88,000 sq. miles), though the 
smallest, is the most densely populated of the 
Australian Colonies. It occupies the extreme 
south-east of the Continent, and has many good 
harbours, of which the finest is Port Phillip, 
which forms Melbourne harbour. 

Victoria is crossed from east to west by the 
Australian Alps, rising to over 6,000 ft., a con- 
tinuation of the Dividing Range. The moun- 
tains are forested, and contain many giant 
eucalyptus trees, some of which exceed 400 ft. 
in height. Fan palms, tree ferns, and acacias 
are also common. The southern slopes are drained 
by short rivers, which cross the fertile Gippsland 
district to the sea. The northern slopes are 
drained to the Murray. West of about 145° E. 
the rivers do not reach the Murray, but dry up 
or end in salt lakes or swamps. This forms the 
Wimmera-Mildura district, the poorest part of 
the colony. Much of this region is covered with 
mallee scrub, interspersed with the salt bush, 
and occasionally ith good pasture grass. 

The climate of Victoria is temperate, with hotter 
summers than our own, and winters cool enough 
for an occasional touch of frost, which disappears 
as soon as the sun is up. The rainfall of the 
coast is about the same as in Kent, but in the 
Wimmera district it becomes very scanty. It 
is everywhere irregular, and seasons of drought 
alternate with disastrous floods. 

Products of Victoria. The leadin 
occupation of Victoria is sheep farming, the woo 
produced being the finest in the world. The 
merino sheep has been introduced from Spain, 
where the climate is not dissimilar. The wool 
is longer, softer, and more lustrous than any 
other. Other pastoral products are hides, meat 
and dairy produce. The dairy industries are now 
adopting co-operative methods, as in Denmark 
and Switzerland, and large quantities of butter are 
consigned to the European market. 

Next to wool ranks gold, most of which is 
minted at Melbourne. Bendigo and Ballarat 
are famous centres. At Bendigo is the deepest 
gold mine in the world (3,350 ft.), and several 
others are carried down to 3,000 ft. 

The agriculture of Victoria is rapidly develop- 
ing. The dry, warm climate suits wheat, which is 
increasingly grown. The yield is small, but the 
flour milled from it is of exceptionally fine 
quality. Fruit growing is important, and apple 
orchards are numerous. The warm climate, with 
winter rains, resembles that of the Mediterranean, 
and the vine is grown with great success. Some 
wine and light grape brandies are now made. 

Towns of Victoria. Melbourne, the 
capital, on Port Phillip, is the rival of Sydney, 
and the seventh city in size in the British Empire. 
With its suburbs, of which Williamstown is the 
most important, it covers’ an area of 200 sq. 
miles, The fine harbour of Port Phillip is 
entered between the Heads, beyond which the 
Bay opens out like a great inland sea. Geelong, 
on the western shore, 45 miles from Melbourne, 
has woollen manufactures. The gold town of 
Ballarat is the second city in the colony. 


Continued 
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By Dr. C,-W. SALEEBY 


WE must now consider the classical discovery 
of Wobler, made in 1828. This chemist was 
the discoverer of the cyanates, and this discovery 
was the starting point of his artificial preparation 
of urea. Wéohler found that when cyanate of 

tash reacts with sulphate of ammonia there 
is produced, as might be expected, cyanate of 
ammonia, having the formula NH,CNO. (The 
reader will not be puzzled by this formula. He 
will recognise in it the ammonia and the oxidised 
product of prussic acid which we have already 
called cyansc acid.) 

But this cyanate of ammonia is not stable 
as such. The atoms of its molecules undergo 
almost mney @® Ye-arrangement within 
the molecules, producing an isomeric substance 
none other than urea—which is a characteristic 
end product of the breaking down of proteids 
in the living body, and the constitution of which 


is best represented by the formula CO (ae 


Urea, or Carbamide. The strict 
chemical name for urea is carbamide, a name 
which suggests its constitution. Two other 

rocesses of its artificial manufacture must 
noted besides the process which will have a 
rmanent place in chemical history. There 
is closely allied to carbonic acid—which is 
really carbonyl hydroxide CO(OH).—a gas 
known as phosgene or carbonyl chloride COCI.. 
If this gas interacts with ammonia, urea and 
hydrochloric acid are produced, COC], +2HNH., 
=CO(NH.). +2HCl. 

Again, if ammonium carbonate be heated to 
about 130° C. it loses two molecules of water 
and yields urea. 

But there is a method by which urea is pro- 
duced naturally and this is of the utmost im- 
portance and interest. It is the most character- 
istic constituent of the secretion of the kidneys 
in man and the lower animals in general. It 
is derived from the breaking down of proteids 
in the body. These may be cither proteids 
of the body or proteids of the food, which have 
served various purposes, and the last stage of 
the chemical degradation or simplification of 
which is represented by urea. About 500 grains 
of urea leave the body every day when a mixed 
diet is taken. The quantity falls to about 300 
on a vegetable diet and rises to about 800 on 
an animal diet. If the subject goes without 
all nitrogenous food—which he can do for only 
a short time—he still produces about 200 grains 
of urea in consequence of the breaking down of 
his ee or nitrogenous tissues. Urea leaves 
the by the agency of the kidneys, but is 
not uced in those organs. Their function 
is merely to select it from the blood, and in this 


Brg ait it may be noted that a certain amount 
of help is given them by the sweat glands of 
the skin, which are capable of excreting no 
negligible proportion of urea when the kidneys 
are out of sade: It is known that the organ 
which produces urea in the body is the liver, 
and of the many substances from which the 
liver forms urea, three may be quoted— 
ammonium carbonate, ammonium lactate, and 
ammonium carbamate. These three substances 
are the chief immediate antecedents of urea. 

Relations of Urea. The process by 
which urea is formed from ammonium carbonate 
outside of the body suffices to explain the 
manner in which the liver effects a similar 
change within the body. We must also noto 
the fashion in which urea is produced from 
ammonium carbamate. The relations of the 
body known as carbamic acid will be readily 
seen from the accompanying formulm: 


; : OH 
Carbonic Acid .. {ou 


Carbamic Acid .. col NH, 


Carbamide (Urea) CO (NH: 


It is, in short, a half-way house between carbonic 
acid and urea, or carbamide. The carbamate of 
ammonia has the formula of carbamic acid 
plus the formula of ammonia. The reader will 
see, if he writes this formula out, that the 
abstraction of one molecule of water from it 
will leave a molecule having the formula of 
urea. Thus, in both these cases the action 
of the liver is one of dehydration ; and both of 
these actions can be produced outside the body 
by heat, since ammonium carbamate, like the 
carbonate, yields urea and water when heated. 
Ordinary smelling salts, by the way, consists 
more of ammonium carbamate than of its 
nominal constituent ammonium carbonate. 
Urea ie a Base. Its reactions with 
acids prove that urea is a base, for it readily 
forms a number of salts. One of these, the 
nitrate of urea, is utilised on account of its 
relative insolubility. If the secretion of the 
kidney be evaporated to a syrupy consistence, 
and then nitric acid added, the nitrate of urea 
is formed. This can be decomposed by barium 
carbonate, yieldi barium nitrate, carbonic 
acid and urea, which is separated from the 
barium salt by means of alcohol. Urea forms 
white prismatic crystals which are very readil 
soluble in alcohol and in water. It is so soluble 
and diffusible that its removal from the body 
is an extremely easy matter. In these physical 
characters urea markedly differs from another 
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substance which we are shortly to study, uric 
acid, which is the characteristic end product 
of the chemical degradation within the body 
of a particular kind of proteids which are known 
as the nucleo-proteids. 

Other Reactions of Urea. Just as 
urea and water are produced by the decom- 
position of ammonium carbonate, so, under 
other conditions, urea and water can be made 
to form ammonium carbonate. This synthesis 
is also effected by the vital activity of an omni- 
present microbe which is known as the bacillus 
Uren. 

The estimation of the quantity of urea pro- 
duced by the body every day is a matter of the 
first importance in a very large number of 
diseases, and is usually accomplished by the 
estimation of the volume of nitrogen given off 
from a given quantity of urine when the urea in 
it is decomposed by the addition of a solution of 
hypobromite of sodium. This salt has the 
formula NaOBr, and is a powerful oxidising 
agent. Carbonic acid is formed, but is absorbed 
by the free alkali in the hypobromite solution, 
nitrogen slone being evolved and measured as 
soon as it has cooled. 

Some New Organic Acids. There 
remain a few important organic acids derived 
from the hydrocarbons that we must briefly 
discuss. They have varying claims to attention, 
the first being of great importance as a poison, 
while others are very valuable constituents of 
various fruits, and help to account for their 
dietetic value. Tartaric acid, which belongs to 
this group, has already been discussed in part. 

Oxalic Acid. We have already seen that 
all the carbon acids contain the group carboxyl, 
COOH. The formula of oxalic acid is simply 
twice that of carboxyl. It may be prepared, for 
commercial purposes, in many ways, and occurs 
naturally in certain plants in the form of its salts. 
Thus, the oxalate of lime is contained in rhubarb, 
while the hydrogen potassium salt occurs in 
sorrel, and is thus known as salts of sorrel. 
Oxalic acid is largely used for cleaning straw 
hats, so that in some parts of the country it is 
known as bonnet acid. We have already re- 
ferred to it as an acid which exercises poisonous 
actions independently of the actions common 
to all the strong acids. Thus, a soluble salt of 
the acid is almost as dangerous as the acid itself. 
It acts upon the central nervous system, causing 
drowsiness and stupor. The essential part of 
the treatment in cases of oxalic acid poisoning, 
which is lamentably common, is not merely 
to neutralise it, but to form an insoluble salt, 
and this can be done by the administration of 
any preparation of lime. Clever and _ well- 
trained policemen have not infrequently saved 
life in these cases by scraping whitewash from 
a wall and administering it to the patient. 
Salts of sorrel is often cued for the purposes of a 
poison, and is practically equivalent in its 
action to oxalic acid itself. Broken-down crystals 
of oxalic acid are sometimes sold by mistake 
as Epsom salts or sulphate of magnesium. 

Malic Acid. This is another form of 
organic acid which naturally occurs in various 
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forms of vegetable life, and especially in apples, 
from the Latin name of which (Malum) ite name 
is derived. Like lactic acid, malic acid contains 
an asymmetrical carbon atom—an important 
term already defined—and therefore rotates the 
plane of a ray of polarised light. 

The natura! acid is left-handed, and an artificial 
arid can be prepared which is optically inactive, 
consisting of a mixture of right and left-handed 
acids. 

Tartrates. When discussing the work 
of Pasteur we said all that need be said about 
tartaric acid, but some of its salts are worthy 
of mention. The hydrogen potassium salt is 
known as cream of tartar. A double salt of 
potassium and sodium is known as Rochelle 
salt. Cream of tartar is deposited on the sides 
of wine casks in the crude form known as argol. 
It is used in medicine, having the characteristic 
properties of salts. Rochelle salt is produced by 
the addition of cream of tartar to a hot solution 
of sodium carbonate, and is similarly employed 
in medicine. It is one of the chief ingredients 
of a seidlitz powder. (Tue reader must not con- 
fuse argol, the salt, argon, the gaseous element, 
ond Algol, the famous double star.) 

Tartar Emetic. Much more important 
in some ways is the salt known as tartar emetic, 
or fartarated antimony, which may be somewhat 
loosely described as a tartrate of potassium and 
antimony. It is prepared by the interaction of 
cream of tartar and antimonious oxide. In 
former days tartar emetic was very largely 
used in medicine, but we recognise nowadays 
that, since it contains antimony, it is a proto- 
plasmic poison. Its administration causes ex- 
treme depression, and, despite its name, it should 
never on any account be used as an emetic. 
Indeed, it should be abolished altogether from 
the Pharmacopeia. In cases of acute poisoning 
by this dangerous salt, the symptoms of which are 
very similar to those of arsenical poisoning, the 
patient’s strength must be conserved in every 
possible way, and tannic acid, or strong tea 
containing tannic acid, forms one of the best 
antidotes. 

Citric Acid. Citric acid has already been 
mentioned as a typical organic acid which, for 
reasons we have explained, actually increases the 
alkalinity of the blood. Some of its many sources 
have already been named. It crystallises in 
rhombic prisms, is readily soluble in water, is the 
most pleasant to the taste of the organic acids, 
and has a calcium salt which is noteworthy in 
that it is less soluble in hot water than in cold. 
Citric acid may be taken freely in beverages 
without any fear that it will attack the enamel 
of the teeth. Citric acid is also deservedly 
famous as the specific preventative of the disease 
called scurvy or scorbutus, which was once the 
sailor’s curse. At times‘ this disease has 
threatened the safety of the British navy, but 
forty years ago the carriage of lime-juice— 
containing citric acid—on board ship was 
made compulsory, and now the disease has 
hecome extremely rare. It is interesting to note 
that doctors are quite at a loss to explain the 
disease, though there is none more easily cured. 


Nowadays they are much more familiar with in- 
fantile gi This disease very commonly occurs 
among children fed oxclusively upon sterilised 
milk. Indeed, a baby fed on nothing but 
sterilised milk will develop scurvy. The mere 
addition of a teaspoonful of orange-juice— 
containing citric acid—to the daily diet of such 
a baby will cure or prevent the disease. Pro- 
bably the most important factor in the relative 
success of Arctic exploration in more recent years 
has been the prevention of scurvy among the crews 
by the simple expedient of carrying lime-juice, 
the essential constituent of which is citric acid. 

Uric Acid. The last acid of this group that 
we need consider is known as uric acted, and has 
the empirical formula C;H,N,O,. It is a 
subsidiary constituent of the secretion of the 
kidney in mammals, including man. In birds 
and reptiles, however, the kidney secretion of 
which 1s solid, urea scarcely occurs at all, and is 
replaced by urates. About ten grains of uric 
acid are daily secreted by man, not in the form 
of acid, but as its sodium salt. It is exclusively 
derived from the class of proteids known as 
nucleo-proteids, which have this name because 
they are characteristic constituents of the nuclei 
of living cells. No quantity of a simple protcid, 
such as white of egg, in the diet will increase 
the secretion of uric acid. On the other hand, 
the characteristic proteid of milk is a nucleo- 
proteid, and allied bodies are contained in meat 
in general. Furthermore, tea and coffee are 
capable of yielding uric acid. Now, there is a 
modern and popular doctrine that most human 
ills are due to the occurrence of uric acid in ex- 
cessive quantity in the blood, and there is some 
small percentage of truth, at any rate, in this. 
Organic chemistry has so far advanced, however, 
that in cases where “ uric-acidsemia ’’ is really to 
blame, the diet can be so modified that scarcely 
any uric acid is derivable from it. Such a diet 
will be vegetable, and will include eggs and 
milk, which are of no practical importance as 
yielders of uric acid. The point to recognise is 
that uric acid is produced only by a certain 
group of proteids—bhesides malt liquors—and 
that if these be omitted, any quantity of other 
protcids may be taken. It is safe to say 
that, on the ground of excessive production 
of uric acid, and on other grounds, we must 
judge as very excessive the amount of meat 
consumed by the overwhelming majority of 
prosperous people in this country. Among 
the most characteristic constituents of meat, 
found most abundantly in meat extracts, is 
sarcin. This, when oxidised, yields another body 
called xanthin. The characteristic alkaloids of 
tea, coffee and cocoa are derived from xanthin. 
Extracts of meat, tea and coffee have their use 
—and unfortunately their abuse—as stimulants. 
They are destitute of any food value, and are 
therefore worse than useless where stimulation 
is not required, since the first, at least, leads to 
the formation of uric acid. 

The Carbohydrates. We must now 
consider the last group of paraffin derivatives— 
the carbohydrates. The term has already been 
defined, and when we discussed formaldchyde 
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reference was made t6 the theoretical fashion 
in which we may imagine the carbohydrates to 
be synthesised in plants—which, until recently, 
were their sole source. Lately, however, the 
artificial synthesis of certain carbohydrates has 
been added to the achievements of synthetic 
cern: and the noteworthy fact is, that it is 
formaldehyde from which the chemist starts. 
When a solution of formaldehyde in water is 
shaken with milk of lime and filtered, thore is 
produced a substance called formose, which is 
itself none other than a carbohydrate or mixture 
of carbohydrates, and has the same empirical 
formula as the typical sugar, C,H,.0O,. 

We cannot here discuss the remarkable work 
which has been done upon the constitution and 
chemical relations of the sugars and _ their 
derivatives. Chomists have found, however, 
that these carbohydrates must really be looked 
upon as complex examples of other paraffin 
derivatives, which we have already studied. 
Some of them are really alcohols, some are 
aldehydes, some are ketones, and so on. 

Dextrose or Glucose. This very 
important and typical sugar has the empirical 
formula C,H,.0O,. It occurs in many fruits, 
and is produced in the blood in large quantities 
in the disease known as diabetes. In these cases 
it is derived from various carbohydrates of the 
diet, or, failing them, even from proteids, well 
proving the extreme complexity of the molecular 
constitution of these last. Glucose is also pro- 
duced outside the body from other carbohydrates, 
such as starch, which has the formula Ct. O 
If this be boiled with a dilute acid, each molecule 
of starch takes up one molecule of water, yielding 
dextrose. Cane sugar also yields dextrose if 
it be boiled with a dilute acid. Ita formula is 
C,.H,,0,,, and this, plus a molecule of water, 
yields two molecules of C,H,,0,. As we shall 
see, however, they are not both molecules of 
dextrose, though they have the same formula, 
for the product is found to consist of two sugars, 
one dextro-rotatory—dextrose—and the other 
lexvo-rotatory—lavulose. The net action of the 
mixture, however, is lwvo-rotatory, whereas the 
original cane sugar was dextro-rotatory, and 
thus the cane sugar is said to have undergone 
the process of inversion. 

Levulose is found to accompany dextrose in 
fruit and in honey. Both of these sugars are 
readily decomposed by yeast, yielding alcohol 
and carbonic acid, as we have scen. 

Teste for Glucose. Tho presence of 
glucose in the secretion of the kidney indicates 
its excessive presence in the blood, and is a 
matter of extreme importance. Thus chemical 
tests for glucose have been very carefully investi- 
gated. The most familiar of these consists in 
the employment of what is called “ Fehling’s 
solution.” This consists essentially of cupric 
oxide, CuO, which is reduced, under the influence 
of glucose, into cuprous oxide, Cu,O, forming 
@ red precipitate. Various other bodies besides 
glucose, however, may effect this reduction, and, 
therefore, other tests are necessary. One of tho 
best is the fermentation test, which is carried 
out by the use of yeast ferment. 

3705 


Cane Sugar and Milk Sugar. We 
have already seen the formula of cane sugar or 
saccharose—the characteristic sugar of the sugar- 
cane, the beet, and other plants. This extremely 
valuable food is not utilised in the body as such, 
but as glucose—the final form in which the body 
utilises all its carbohydrates. Cane sugar is not 
capable of fermentation until it has been hydro- 
lysed to form dextrose and levulose. Reference 
has already been made to lactose or milk sugar, 
which has the same formula as cane sugar. Its 
sweetness is not very marked. It is less soluble in 
water than most sugars, and it is very resistent to 
fermentation, being thus specially fitted for milk. 

Starch and Cellulose. If we ex- 
amine a potato through the microscope, we find 
that it consists of a large number of oe 
of starch bounded by a tough wall. The con- 
tents of the granules are often known as granu- 
lose, while their walls consist of cellulose. Both 
have the empirical formula (C,H, 90 5)n. Cellu- 
lose is entirely indigestible by any ferment in 
the body, and thus the value of boiling a potato 
consists in the splitting of the starch granules 
so that the digestive juices can act upon the 
starch which they contain. Starch is the pre- 
eminent form in which vegetable life stores its 
energy. The “n” in its empirical formula 
doubtless corresponds to a very high number, 
and there are very many substances which have 
similar formule and may be regarded as modi- 
fications of starch. Among these is dextrin or 
British gum, a yellow powder which can be pro- 
duced by heating starch to 200°C. It is soluble 
in water, and can be chemically distinguished 
from starch by the fact that it does not yield, 


with tincture of iodine, that intense blue colour’ 


which anyone can see for himself who drops the 
minutest trace of the tincture on his collar. 
The animal body also contains a substance called 
glycogen, which has the same empirical formula 
as starch, and is sometimes called animal starch. 


It is produced from glucose, and stored up in 
very large quantities in the liver, which can 
hydrolyse it again into glucose and serve it out 


in the latter form to the blood as a source of 
energy, according to need. 

Digestion of Starch by Hydro= 
lysie. Starch itself is readily converted into 
sugar outside the body by boiling with dilute 
acids, and also by the action of a ferment called 
diastase which, as we have seen, is found in the 
barley grain and in other germinating seeds. 
The starch first changes into dextrin and then 
into dextrose. A similar ferment occurs in the 
saliva, where it is known as ptyalin. An essential 
part of proper treatment of the food consists in 
due mastication, which means due admixture of 
the food with the saliva. Thus swallowed, the 
starch of the food undergoes change by hydro- 
lysis into sugar in the stomach for twenty minutes 
or half an hour, before the process is arrested b 
secretion of hydrochloric acid by the stomac 
wall. The pancreas or sweetbread also produces 
& very much more powerful ferment, called 
amylopsin, which is poured into the bowel and 
converts all the starch hitherto undigested into 
dextrose, in which form it is absor 
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We have here discussed only the most imypor- 
tant of the large group of substances which may 
be classed as the carbohydrates and their deri- 
vatives. A point necessary to be emphasised is 
that we must not allow ourselves to be deceived 
by the name carbohydrate, nor by the apparent 
simplicity of the empirical formule of these 
bodies. Even if we consider formaldehyde itself, 
which has the ideal empirical formula of a carbo- 
hydrate, we find that its constitutional formula 
is HCOH, and that it is thus in no sense what- 
ever a hydrate of carbon. Perhaps the best 
value that we can attach to this name to-day is 
the warrant which it appears to afford for the 
very probable theory that the beginning of the 
synthesis of the carbohydrates by the plant is to 
be found in the union in its leaf of the carbon 
which that leaf has dissociated from carbonic 
acid of the atmosphere with water which has 
been sucked up by its roots from the soil. 

A New Group. We have now devoted 
all the available space to the paraffins and their 
countless derivatives. We now turn to another 
large group of bodies which are sharply dis- 
tinguished from the paraffins by the condition 
of their carbon atoms. In the typical paraffin, 
which is methane, we find that, so to speak, all 
the four-handed carbon atoms are holding some- 
thing. This is true of all the paraffins and their 
derivatives. But we must now describe a 
number of paraffins which are described as 
unsaturated, in order to indicate the fact that all 
the hands of their carbon atoms are not entirely 
occupied. If, for instance, we take the second 
paraffin, ethane, we see that the two atoms of 
carbon are united to one another by means of a 
single hand on the part of each, the other three 
hands of each being occupied with a hydrogen 
atom. But there is another substance called 
ethylene, which also contains two carbon atoms, 
but which has the graphic formula H.C =CH,. 
Here we find that the carbon atoms are doubly 
linked to one another, but, as ethane has proved 
for us, the second link is superfluous ; one would 
suffice, and thus it is that these bodies are 
capable of combining with other atoms directly, 
thus becoming saturated, as the phrase goes ; 
oat iat therefore known es unsaturated com- 


pounds. 

The name applied to ethylene and the other 
members of its series is the olefines, and we can 
assign to them a general formula as we did in the 
case of paraffins. It is C,H,,. If the reader 
does not remember the general formula of the 
paraffins, so that he can mentally compare it 
with this, he should look it up. 

Various Olefines. The first of the 
olefines should have the formula CH,, but does 
not exist by itself. It is called methylene. We 
have already stated the formula of the second, 
ethylene, often known as olefiant gas. If we adopt 
measures which seem likely to result in the 
formation of methylene, we always find that 
its molecules pair a to speak, so that we get 
ethylene instead. is body may be prepared 
in many ways, as, for instance, the interaction 
of ethyl iodide and caustic soda. This results 
in the formation of ethylene, sodium iodide, and 


water. The reader should write the equation. 
It ia also produced by the distillation of ordinary 
alcohol with excess of sulphuric acid. Hydrogen 
ethy] sulphate, as we have already seen, is formed, 
| if this undergoes decomposition, sulphuric 
acid and ethylene result, thus : 

HC.H,;S0O, = H,So, as C. Hy. 
Olefiant gas is also produced in the destructive 
distillation of wood, coal, resins and fats, its 
production being due to the decomposition of 
the methane evolved from these bodies. It is 
one of the most important constituents of coal 
gas, being very inflammable, and burning with 
a luminous flame. (It is worth noting, however, 
that recent study of the luminosity of flames 
shows that this depends, much more largely 
than used to be supposed, upon the incandescence 
of solid particles within them.) 

Characters of Olefiant Gas. Ethy- 
lene is a colourless, pleasant-smelling gas, very 
slightly soluble in water, but somewhat more 
so in alcohol and ether. Under the influence 
of cold and pressure it becomes liquefied, and 
its subsequent evaporation from this state is 
largely used for the production of extreme 
degrees of cold. The words olefine and olefiant 
mean oil-making, and ethylene was called 
olefiant gas because, when it becomes satu- 
rated by the addition of two atoms of chlorine, 
yielding C.H,Cl,, or ethylene chloride, the 
product is an oily liquid; but our previous study 
of the oils will have shown the reader that, despite 
their names, the olefines have nothing to do 
withthem. The other olefines, such as propylene 
and butylene, need not here be discussed. In 
general, the olefines may he converted into 
paraftins by the action of nascent hydrogen, 
as we should expect. This soon catches on, 
so to speak, to the scarcely occupied hands of the 
doubly linked carbon atoms. As in the case 
of the paraffins, we find that as we pass up the 
series of olefines successive members are found 
to be liquid, and, later, solid. 

Oleic Acid. On account of its relation to 
the olefines, we may here mention oleic acid, 
C,7H;:;,COOH, which has already beon referred 
to, in our discussion of the fats, but which, as 
we saw, is not a fatty acid, being related rather 
to the olefines than to the paraffins. This acid 
exists, in combination with glycerme, in most 
fats and oils, especially the non-drying oils. 
The acid itself is a soft solid below the tem- 
perature of 14°C. We have already seen that 
Its sodium and potassium salts are the chief 
constituents of soaps. The oleate of lead used 
to be used in surgery as lead plaster—sometimes 
called lead soap. It can readily be produced 
by rubbing litharge or PbO and olive oil 
together in a mortar, or by boiling the oxide 
with water and olive oil. Olive oil is an impure 
oleate of glyceryl, and the products of the 
reaction are lead oleate and glycerine. 

Acetylene. There remains only one other 
gas which we need study before we pass on 
to an entirely new series of organic compounds ; 
this is the gas known as acetylene or ethine. It 
has the formula C.H,, and may be prepared 
in various ways. The elements unite directly 
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if carbon be raised to a very high temperature 
in the presence of hydrogen. This discovery was 
made by Berthelot, in the year 1859, and is of 
historic interest since it formed the first stage in 
his artificial synthesis of alcohol. Acetylene is 
also produced by an incomplete combustion of 
hydrocarbons, as, for instance, methane. Part 
of the hydrogen of the methane is oxidised 
to water, and acetylene results. In practice, 
the acetylenc is absorbed by an ammoniacal solu- 
tion of cuprous chloride, forming a somewhat 
remarkable explosive compound of a red colour 
known as copper acetylene. 

The gas may also be produced by the inter- 
action of chloroform and metallic sodium. The 
reader should write out the equation showing 
how two molecules of chloroform and six atoms 
of sodium yield common salt and acctylene. 
The empirical formula of this substance throws 
no light upon its extremely interesting constitu- 
tion. Its two carbon atoms must be regarded 
as united with one another by means of not one 
hand apiece, as in the case of ethane, nor two 
hands apiece, as in the case of ethylene, but 
three hands apiece. This triple bond is the 
characteristic of acetylene and its allies. 

Characters of Acetylene. Ethine is 
an evil-smelling, colourless gas, and is a normal 
constituent, in varying degrees, of coal gas. It 
burns with an extremely luminous flame, which 
endows it with great value as an illuminant. 
Unfortunately it cannot be stored with safet: 
in its liquid form, which is obtained by cold, 
or pressure, or both, since it is extremely liable 
to explode. 

The various moans of making acetylene 
which we have quoted have all been superseded 
in commerce by another process, which was 
first discovered by Wohler. This chemist 
was the first maker of the compound known 
as the carbide of calcium, and he found that 
this compound was decomposed by water with 
the formation of lime and acetyleno. Carbide 
of calcium is nowadays formed in the electric 
furnace by the direct union of the purest possible 
lime and coke. It is a crystalline solid, stable 
in dry air, but decomposed by the smallest quan- 
tities of moisture. The equation for the decom- 
position is simplicity itself : 

CaC, + H.O = CH. + CaO. 

Needless to say, the lime unites with more 
water to form calcium hydrate. 

Acetylene itself has definite poisonous pro- 
perties, but some of the impurities which con- 
stantly occur in it, such as carbon monoxide and 
phosphoretted hydrogen, are worse. Great im- 
provements have latcly been made in the process 
of purifying acetylene bofore its consumption. 
Great improvement has also been made in the 
manner of its combustion. When the right kind 
of burner is employed, this gas yields a flame 
which, for brilliance and beauty, is equalled by 
none of its competitors. Every reader is familiar 
with it as an illuminant for the head-lights of 
motor-cars. 

The Aromatic Group. Wenowturn from 
the paraffins, the olefines, and their derivatives, 
to an entirely new series of hydrocarbons, the 
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ical resentative of which is benzene. 
opting the widest ible classification, we 
may say that the bodies we have hitherto been 
seat rene of the fatty group, but that benzene 
and its allies belong to the aromatic group. The 
empirical formula of benzene is C,H,, and we 
may write this in a more generalised form, 
C.xHon-g. Hydrocarbons of this series, with 
their derivatives, belong to the aromatic group, 
® large number of them being obtained from 
aromatic substances, such as balsams and 
resins. The leading characteristic of this group, 
as a whole, is the relative stability of its com- 
pounds as compared with those of the fatty 
group. Here, however, we may quote Professor 
eldola, regarding the relation that exists be- 
tween these two groups, and the quotation will 
show us the propriety of concluding our study 
of the fatty group with acetylene : 


“The division here made between sea and 
aromatic substances must not be regarded as 
one having a sharply defined boundary line. 
In point of fact, the two series merge into one 
another, and compounds pee one group 
can be transformed into compounds of the other. 
Thus, benzene, the typical hydrocarbon of the 
aromatic group, can be formed directly from 
ethine or acetylene, a hydrocarbon of the fatty 
group, by the polymerisation effected by heat : 

3C,H, = CoHo. 

Ethine Benzene.” 


The Characters of Benzene. Let us 
first consider the sources and characters of 
benzene, and then let us see whether its chemical 
reactions will enable us to write its graphic 
formula. It is often known as benzol, and the 
name is derived from the gum resin known as 
benzotn, derived from a tropical tree, and the 
source of the famous antiseptic medicament 
known as Friar’s Balsam. Commercial benzoin, 
however, is obtained from coal-tar, which is, 
indeed, the principal source of most of the 
members of this series. Coal-tar is the product 
left behind when coal is distilled so as to produce 
coal-gas. This coal-tar or coal-tar oil is of a very 
complex composition. It is first of all neutralised 
with soda and with a weak acid, so that an 
acids or bases present in it may be removed. 
The oil is then Fistilled, or fractionally distilled, 
certain portions of it coming over at low tem- 

eratures and others at higher temperatures. 

e “light oil” which distils over first consists 
mainly of benzene. This is a mobile, colourless 
liquid with a characteristic but not offensive 
odour, lighter than water, boiling at about 80° C. 
and freezing at 5° C. It is very nearly insolu- 
ble in water. In accordance ith, the generalisa- 
tion already laid down, it is extremely stable, 
and can scarcely be oxidised. It burns with a 
fairly brilliant flame. Under certain conditions 
it can be made to take up six atoms of hydrogen, 
yielding a body the formula of which is CoH ae 
Or it may take “Pp six atoms of chlorine, under 
the influence of hight, giving a body with the 
formula C,H,Cl,, or certain of its hydrogen 
atoms may be replaced by halogen atoms, as, 
for instance, in di-chloro benzene, C,H,Cl,. 
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_ Graphic Formula of Benzene, All 
these reactions, and a host besides, including the 
formation of benzene from acetylene—as we 
have seen—by a sort of condensation in ite 
moleoules when they pass through a red-hot 
tube, led the chemist Kekulé to construct a 
graphic formula of benzene, the truth of which 
is now generally accepted by chemists, and the 
evidence in support of which might be extended 
over many pages. This celebrated formula is 
known as the benzene ring, the theory being 
that the six carbon atoms are united with one 
another in a closed sb or chain, on the outside 
of which, so to speak, are attached the six 
hydrogen atoms, one to each atom of carbon. 
TP the reader draws such a formula for himself 
without any further hints from us, he will detect 
@ flaw in it, and he will do us a favour if he tries 
to find out this flaw for himself before reading 
any further. Let him remember the valency of 
carbon—and consider. 

The Necessary Correction. ‘Plainly, 
it will be necessary for us to suppose that each 
carbon atom is in a different relation to its two 
carbon neighbours. To its neighbour on the one 
side it is united by only one hand, but to its 
neighbour on the other side by two hands, 
while the fourth hand is occupied, obviously, 
with an atom of hydrogen. Thus, the formula, as 
the reader originally wrote it out, can be cor- 
rected by simply doubling every other line 
between the carbon atoms, thus: 

This discovery of the 
constitution of the benzene ( 


molecule occupies an im- C 

portant place in the histo H ‘c “orm Cc Pid 
of organic chemistry. e 

may here quote, in conclu- | | 


area oes raga Cc 
of the applicability of this 4~ 
formula ie the faote, Let oS co 
us take, for instance, 4 
benzene hexa-chloride, 
C,H,Cl,, and see how its formula must be 
written. Plainly, all we need to do is to 
suppress the double bonds in the carbon ring, 
leaving each of the six atoms united to its 
fellows on each side by one hand only, and thus 
we shall see that hands are available for the 
addition of a chlorine atom beside the hydrogen 
atom all the way round. We may note the 
parallelism between this and ethylene chloride. 
Our graphic formula answers other requirements 
with equal satisfaction, and in all subsequent 
study of the aromatic compounds we shall take 
its truth for granted. 

Practical Uses of Benzene. We have 

briefly the pure chemistry of 


outlined ve 
have seen how great ita interest 
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benzene, an 
is. We must now consider its practical uses, 
which we can divide under‘ three headings. In 
the first place, it is a very valuable solvent for 
a large number of organic compounds ; secondly, 
it is the starting-point of the great industry 
concerned with the manufacture of dyes from 
coal tar; thirdly, it is the source of a host of 
derivatives which we may call the benzene 
derivatives or aromatic compounds, and which 


are of great practical utility. As may readily 
be imagined, the number of different kinds of 
molecules that may be derived from one so com- 
plex as that of benzene is illimitable. We may 
choose two of the simplest possible examples, 
and then consider the product. Just as in the 
case of methane we find it possible to replace a 
hydrogen atom by hydroxyl, so we find it 
oeuibla in the case of benzene. The molecule 
is a symmetrical one, so that it matters not 
which hydrogen atom we require it to replace. 
The formula of the body just produced will, of 
course, be C,H,OH. Its technical name is 
phenol, the group C,H, being known as phenyl, 
while its common name is carbolic acid. To 
take another instance, let us substitute the now 
familiar group carboxyl for a ayerogen atom, 
giving us the formula C,H,COOH. The body 
thus obtained is known as benzoic acid. Lastly, 
let us replace one of the hydrogen atoms with the 
group NH,. We shall then have a body with 
the formula C,H,;NH,, chemically known as 
phenylamine, and commonly as antline. 


Carbolic Acid. Of these bodies, perhaps 
{he most important and interesting is carbolic 
acid or phenol. In practice it is obtained hy 
the treatment of heavy coal-ta. oil with soda or 
potash. If an acid be then added, the carbolate 
of soda is decomposed and the carholic acid 
comes over. We call this body an acid, but the 
reader will understand that it may also he 
regarded as an alcohol. It certainly is an acid 
in that it forms salts, but it does not redden 
litmus paper. We have just as good a title to 
call it phenyl alcohol as carbolic acid. The 
commercial product is extremely liable to im- 
purities which commonly give it a reddish colour, 
and many of these are more poisonous and more 
irritant than carbolic acid itaclf—the use of 
cheap carbolic acid in hospitals being thus an 
unsatisfactory kind of economy. Pure carbolic 
acid crystallises in fine colourless needles ;_ it 
melta at 35° C., and boils at 187° C. It is highly 
roluble in alcohol, ether, and oils, but is only 
very slightly soluble in water. The solution 
commonly known as “ one in twenty,” is almost 
the strongest that can be obtained. On the 
other hand, one part of water with ten of carbolic 
acid produces what is practically a pure liquid 
carbolic acid. Even in its aqueous solution 
this substance coagulates albumin, and it 
exercises a very powerful caustic action when 
concentrated, even though it is not acid enough 
to redden litmus paper. 


Usee of Carbolic Acid. We owe to the 
late Professor Calvert, whose name survives in 
the famous firm of that name, the possibility of 
the manufacture of carbolic acid in a pure form 
fit for use in medicine and surgery. A crude 
carbolic acid is also largely used for preserving 
railway sleepers, its value depending upon its 
antiseptic properties. Carbolic acid is also used 
as a source of dyes, though it is of Jess importance 
in this respect than aniline. Picric acid, for 
instance, is a brilliant yellow body produced by 
the addition of small quantities of nitric acid 
to carbolic acid. Lately, dilute solutions of 
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Picric acid have been found very valuable in the 
treatment of burns. 

Among the convenient tests for carbolic 
acid may be named the violet colour, gradually 
turning brown, which it yiclds on the addition 
of the minutest quantity of a dilute solution of 
ferric chloride; and the white precipitate, 
soluble in excess of phenol, which it yields with 
bromine water. 

Carbolic acid is a protoplasmic poison, 
directly interfering with all life. It probabl 
acts in virtue of its coagulation of albumin. It 
will always be the classical antiseptic, since it 
was employed by Lord Lister in the boginning ; 
but though it is still used in enormous quantities, 
it is very far from ideal. It is relatively weak, a 
solution of at least 2 per cent. in sb being 
necessary to kill the average microbe. Dissolved 
in oil, this acid entircly loses its antiseptic 
properties; carbolic oil should therefore be 
dismissed from surgical service. The drug is 
very readily absorbed by the skin—even the 
unbroken skin—provided, of course, that it be 
applied in a very dilute solution. This propert 
makes it very valuable in the treatment of suc 
disorders as a whitlow, since we can imagine the 
carbolic acid, so to speak, chasing the microbcs 
under the skin and killing them. 

Toxicology of Carbolic Acid. It has 
already becn noted that this acid acts as 
a poison independently of its local caustic 
properties, thus resembling oxalic acid. Cor- 
tainly the acid may kill, in consequence of its 
action upon the stomach, and in cases of poison- 
ing it is desirable to neutralise it with chalk on 
the spot, or to dilute it with white of egg, so as 
to avert its Jocal action ; but it has to be remem- 
bered that any soluble carbolate circulating in 
the blood will surely kill in consequence of its 
action upon the nervous system. It is necessary, 
therefore, to consider further the history of 
carbolic avid after absorption, and to see whether 
there are any chemical means by which the 
consequences of its absorption may be neutral- 
ised. The question is a very important one 
to the surgeon, because he uses carbolic 
acid so extensively, and because it is neces- 
sary for him to be able to control im- 
mediately any undue consequences of its 
absorption. But it is also of great importance 
to the public in gencral, because the modern 
and wide employment of carbolic acid as an 
antiseptic and disinfectant has lately made it 
an extremely frequent cause of death by poison- 
ing. Indeed, this dangerous acid is so easily 
obtained, on any of a hundred pretexts, that it 
has lately come to rank third among the 
poisons that most frequently cause death in 
this country. 

The True Antidote. On close study 
it is found, then, that carbolic acid entering 
the blood undergoes oxidation in part into 
various innocent substances. The whole of 
the rest of it is converted into sulpho-car- 
bolates, sulpho-carbolic acid being obtainable 
outside the body by the addition of sulphuric 
acid to carbolic acid. These sulpho-carbolates 
are quite innocent, and, therefore, s> long as 
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there remains any free sulphate in the blood, 
the absorption of carbolic acid is free from any 

r, The dose of carbolic acid which causes 
death by its action after absorption is one which 
is so great that all the sulphates in the blood are 
used up, with the consequence that carbolates 
themselves are allowed to ciroulate. 

This discovery is of the greatest practical 
importance. In the first place, it provides us 
with a test of safety. It is a simple matter to 
ascertain whether a patient who has been treated 
with carbolic acid externally or internally is 
excreting free sulphates by his kidneys. If free 
sulphates are absent, then danger is at hand. 
If they are present, the treatment may be 
continued. Secondly, we are now provided with 
a true chemical antidote to carbolic acid even 
after absorption into the blood. The whole 
danger lies in the using up of the available 
sulphates. We must therefore provide more 
sulphates. Any reader of this paragraph may 
have the opportunity of saving a life thus 
threatened—suicidally or otherwise—by the 
administration of, say, an ounce of magnesium 
sulphate—the Epsom salts which can be bought 
at any chemist’s shop—dissolved in a tumblerful 
of water. The most rapid means of treatment 
consists in the injection into a vein of a sterile 
solution of half an ounce or more of sodium 
sulphate. 


Nitro-subastitution Compounds. The 
action of nitric acid, or a mixture of nitric 
and sulphuric acids, upon benzene and its allies 
is to form nitro-substitution compounds, of 
which the simplest is known as nitro-benzene, and 
has the formula C,H;NO,. This is a yellow 
liquid with a pleasant smell closely resembling 
that of oil of bitter almonds which has the for- 
mula C,H,;,COH. Nitro-benzene is sometimes 
substituted for oil of bitter almonds in the 
manufacture of confectionery, and has thus 
caused death. There is no objection, however, 
to its use in perfumery. Di-nitro-benzenes are 
known in which two hydrogen atoms have been 
replaced by the nitro-group. 

Picric acid, to which we have already 
referred, is a nitro-substitution compound of 
carbolic acid, its technical name being éri-nitro- 
phenol, three nitro groups having been substi- 
tuted for three hydrogen atoms of the phenol. Its 
salts are called picrates. 


Aniline. The body which has the formula 
C,H,NH.—much better written thus than as 
C,H,N—is often known ag phenylamine or 
amido-benzene. The name is derived from 
anil, the Portuguese word for indigo, since, in 
1840, it was shown that this body could be pro- 
duced by the action of caustic potash on indigo. 
It is a heavy, oily liquid, colourless, and has an 
unpleasant smell. It produces a y stain 
upon paper, but the oil is so volatile that this 
soon disappears. It burns readily and is oxi- 
dised on exposure to the atmosphere, turning 
a deep brown. It is & poison, and it has been 
shown that the poisonous action of nitro-benzene 
. also is due to its reduction in the stomach with 
the formation of aniline. 
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As long ago a8 1835 it was known that aniline 
produced a fine blue colour when treated with 
calcium chloride. But it was not until consider- 
ably later that this property of the body was 
turned to practical use. We shall shortly dis- 
cuss the subject, because it affords an extremely 
significant lesson of national importance. 


The Manufacture of Aniline. A 
substance of such great commercial importance 
has to be manufactured as cheaply as possible 
on the large scale, and the method employed 
depends upon the poe of nitro-benzene, 
a body which we have already studied. This, 
having been produced from coal-tar, is reduced 
by nascent hydrogen which is evolved by the 
interaction of iron filings and dilute acetic acid. 
This is one of those processes in which certain 
of the reagents can be used over and over again. 
In this case ferrous acetate is produced, and then 
ferric acetate, nascent hydrogen being meanwhile 
evolved, and then the ferric salt is converted into 
hydroxide and free acetic acid again. From this 
last the aniline is distilled over. The equation 
representing its formation is 

C,H,NO.+ 6H = C,H,NH,+ 2H,0. 
The commercial product, however, is not pure 
aniline, but a mixture of aniline with an allied 
body called toluidine, which is closely allied to 
it. The presence of the toluidine or toluidines 
is necessary for the production of colours from 
the aniline. 


The Work of Perkin. The famous 
name in the history of this subject is that of 
Sir W. H. Perkin, F.R.S., the jubilee of whose 
great discovery has recently been celebrated in 
this country. It was in 1856 that Sir William 
was led to study the effect of mixing the sulphate 
of aniline with bichromate of potash in equiva- 
lent proportions. After some hours, when 
the reaction is complete, the black precipitate 
which is formed is washed and purified, and is 
found to consist essentially of the dye best known 
as mauve. Sir William Perkin patented this 
process at the age of 18, and it was in commercial 
employment in 1857. From that year dates 
the foundation of the coal-tar colour industry. 
Sir William met with many difficulties, but con- 
quered them all. He discovered later a method 
by which he could synthesise the red dye known 
as alizarin in a fashion commercially practicable. 
This country long benefited by his work on this 
subject. In 1862 it was prophesied by Professor 
Hofmann, Perkin’s first teacher, that ‘ instead 
of disbursing her annual millions for these 
substances, England will, beyond question. at no 
distant day become herself the greatest colour- 
producing country in the world; nay, by the 
very strangest of revolutions, she may ere long 
send her coal-derived blues to indigo-growing 
India, her distilled crimson to cochineal-pro- 
ducing Mexico, and her fossil substitutes for 

uercitron and safflower to China, Japan, and 
the other countries whence these articles aro 
now derived.” 

A Lost Industry. Thirty years ago 
it could be said that Hofmann’s predictions 
were realised, but they are not true to-day. The 


practical extinction of the coal-tar colour industry 
in the land of its birth is the best-known example 
of an industry lost to a country by sheer care- 
lessness and laziness. Year by year the industry 
has become more and more important, more and 
more competent and profitable. Since Perkin 
turned his attention to pure chemistry, having 
given this country a start which should have been 
worth millions of pounds, new coal-tar colours 
have been discovered with increasing frequency. 
At the present moment the industry founded by 
this Englishman is a German industry, and a 
source of enormous and ever-increasing profit 
to the enterprising people who believe in science. 
Incidentally, their vigour has destroyed, or is 
on the way towards the complete destruction of, 
certain industries of great importance to our 
Indian Empire, such as the cultivation of the 
indigo plant. In this country, the record of 
which in science is unparalleled in ancient or 
modern times, and is probably equal on the whole 
to the entire scientific record of the rest of 
the world put together, science and commerce 
are hardly on speaking terms. The manufacturer 
has a process which yields him profit. If he be 
a German he is not content therewith—some 
of the large German firms employing more young 
trained chemists apiece than are similarly 
employed in the whole of this country. Thus 
the German goes on while the Englishman stands 
still. Sir William had done far more than his 
share, but since the date—1874—when he turned 
to other subjects, those who are so deeply in- 
debted to him have done practically nothing. 
The inevitable consequence followed. The in- 
dustry went where its profits were earned. 
It is now a German industry, and Sir William's 
reflections on this subject in the year 1906, 
which still finds him hale and vigorous, would 
probably make remarkably interesting reading. 
The Warning of Sir William Huggins. 
Having drawn the reader’s attention to what 
must surely long remain a classic instance 
of a national loss thoroughly well deserved, 
we make no apology for quoting a paragraph, 
which cannot be too widely read, from a recent 
presidential address delivered before the Royal 
Society by one of the greatest men of science 
now living, Sir William Huggins. Referring 
to the testimony given by thirteen Fellows of the 
Royal Society before a recent Committee of 
the London Technical Board, Sir William says : 
* The testimony of these expert witnesses was 
all but unanimous in showing that one of the 
most obvious shortcomings affecting our national 
industries—namely, the relatively small number 
of suitably trained men possessing the technical 
knowledge and creative skill needful for the 
improvement of our chemical, electrical, and 
engineering industries, must be regarded as 
& secondary symptom, following upon the small- 
ness of the demand for such men. Further, that 
this smallness of demand is itself the necessary 
consequence of a wider and more serious state 
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of things, which is affecting injuriougly all our 
national activities—namely, the absence, speaking 
generally, of a sufficiently intelligent apprecia- 
tion on the part of the leaders of the nation, 
whether as legislators, capitalists, manufacturers, 
or merchants, of the supreme importance of 
scientific knowledge and scientific methods, not 
only for the successful carrying on and improve- 
ment of all industrial enterprises, but also, and not 
Jess so, for the working out of all national 
problems whatever, whether of education, of 
economics, of hygiene, or especially of national 
defence in the construction of our armaments 
by sea and by land, and the training of our 
soldiers and sailors.” 

A Parallel Case. The text upon which 
we are now preaching may bo illustrated in 
many ways—one of the mont striking bein 
the recent demonstration that an essentia 
factor in the triumph of Japan in the late war 
was her adherence to the principles of hygiene, 
prevention of infectious disease, and antiseptic 
surgery, which the world owes mainly to this 
country, and which were so scandalously 
neglected, to the loss. of thousands of lives and 
millions of pounds, in our own late war. But 
even this example is not quite equal in irony to 
that afforded by the recent celebration of Per- 
kin’s discoveries, while the people among whom 
the discovery was made and to whom he belongs 
yearly pay enormous sums to Germany for what 
are hag the products of his brain. It is our 
earnest hope that the readers of the Szxur- 
EDUCATOR may have cause to regard themselves 
as fortunate exceptions in respect of that system 
of education in which the thoughtful mind of 
Sir William Huggins has discerned the true 
underlying cause of the nation’s failure to appre- 
ciate and to profit by the achievements of the 
individuals whom it is foremost in producing 

Advance in Coalstar Dyes. And 
now let us briefly consider the progross of 
the study of aniline during the last 30 years. 
An important step in this industry was taken 
when Hofmann discovered the nature of the 
coal-tar dye known as aniline red or magenta, 
which he found to be a salt of the base now 
known as rosantline, and manufactured from 
aniline containing certain proportions of tolu- 
idine. Hence, there are now obtained rosaniline 
blues and violets, aniline green, and a certain pro- 
portion of what is called aniline yellow. These 
dyes are now used for many other purposes be- 
Rides dyeing, and their use will steadily extend, 
for they are, in general, superior on every ground 
to their natural rivals. Their discovery should 
be a source of congratulation to the artist and to 
those who are sensitive to visual beauty, and 
should give such persons a friendly feeling for 
chemistry. It is not our business to discuss here 
the technology of the subject, which is of very 
great complexity, and which, under the con- 
ditions habitual in Germany, undergoes im- 
provement and advance every day. 


- Continued 
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7 Leathers Suitable for Belting. Cutting, Trimming, Shaving, 


Building, Splicing, 
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and Joining Belts, 


Link Belting 





By W. S. MURPHY 


MAN Y beltmakers tan and curry the hides for 
their own use; but*their processes differ in 
no way from ordinary tanning. In general, it 
may be said that the raw material of the beltmaker 
is the finished product of the tanner and curricr. 
Belt Leather. For the finer and heavier 
classes of belts, however, special hides are re- 
quired. Perhaps the best hides for heavy belts 
are those of Highland cattle, and next come the 
Shorthorns. From the carcase of a stout High- 
land bull you can get a hide giving about 1 in. 
of leather thickness—that is, after epidermis and 
flesh layer have come off. 

Giraffe Hides. Among the hides of wild 
animals useful for belting are the pelts of the 
giraffe, the gnu, and the quagga—al] abounding 
in British South Africa. Giraffe leather has 
great density of fibre, and stands the wear and 
tear of shifting, twisting, and sudden pulling in 
a@ remarkable way. 

Rawhide Belts. Asshown in the table of 
tensile strengths [page 3532), the best tannages 
are chrome, alum, and “rawhide.” The last is 
simply the method of the backwoodsman made 
into a factory system. After being thoroughly 
dried by exposure to the air, the hide is soaked 
in pure water for fifteen days. The hair now 
comes readily off on the unhairing knife. Next 
the hide is stretched on frames, and piled one 
above the other, in a dark, well ventilated shed 
to dry again. Shaving the flesh side, the 
curriers break-over and stuff with oil. When 


seasoned, the hide is ready for being made into 
belting. We have heard, with some surprise, 





a. Gun-metal union for base pipe 
Tan 


d Shaving beam e. ners’ hand pump 
btiffingelicker ¢ Graining board 
cleaning m. Steel for sharpening} n. St 


many tanners praise that method of preparing 
leather, though, if it were adopted universally, 
their occupation would be gone. One thing is 
certain—‘ rawhide” leather retains all its 
fibres and gelatinous substance unimpaired, and 
ue all the natural strength and tenacity of the 

e. 

Beltmakers as Tanners. One reason 
for so many beltmakers undertaking tanning 
and currying as well is that overtanned 
hides are almost useless for belts, and the 
fault is not easily detected if the tanner 
chooses to do a little doctoring. The belt- 
maker’s tools [25] for currying are similar to 
the tools used for tanning leather for other pur- 
poses. QOvertanning reduces the tensile strength 
of leather by about one half. It is the interest 
of the tanner to win the favour of a customer as 
important as the beltmaker, and he will no doubt 
do his best ; but the beltmaker naturally knows 
the need of his trade better than the tanner, and 
can seek out new kinds of hides and methods 
of tanning with greater probability of hitting 
the mark. 

Complete Belt Factory. Looking at 
it from the outside, people think of the belt- 
making trade as a very small one of limited 
range; but we have quite a different opinion. 
On the one hand, the trade extends into the 
tanning, and on the other it touches on cotton 
manufacture, indiarubber, and rope-making. 
We sometimes come upon contracts which can- 
not be filled by leather belts alone. Cotton 
belts, or belts of rubber-filled canvas, may be 

, absolutely es- 
sential, and 
must be pro- 
cured. If the 
profits of con- 
tract are not 
to be frittered 
away in pay- 
ing high prices 
to other manu- 
facturers for 
special work 
—prices to 
which _ they 
are perfectly 
entitled — the 
beltmaker 
must do his 
own weaving. 
A complete 


25. TOOLS FOR TANNERS AND CURRIBRS belt factory, 
b. Fleshing, scudding, or unhairing beam ec Setting slicker therefore, 18 
j. Shaving knife g. Pit hook A Whitening or not a 
j Pinning beam &. Flealking knife [ Fleshine-knife fur : 
ny pjn o. Loose tening or buffing blade for A undertaking. 


3712 


On the one side, you have the hide sheds, lime 
pits, tan pits, and currying shops; on the other 
are the cotton canvas looms, and in the midst 
are belt-making shops, where these materials are 
formed into the bands that carry motive power. 

Stretching. Only the most skilled work- 
men are entrusted with a main-drive belt; but 
as we are at liberty to choose. a. 1 as the 
greater includes the less, we °.. take hold 
of a batch of Highland hides ai. ring them 
through to the finished 
belt. The curriers have 
brought them to the 
drying-room, and hung 
them up; but we must 
not allow the hides to 
dry completely. As 
soon as the wetness 
has gone, the heavy 
sheets of leather must 
he stretched. If the 
hides are taken in from 
an outside tan works, 
they are dry, of course, 
and must be softened 
and damped. Take one 
of the stretching frames 
and lay 1 on the bench. 
Instructure the frame is 
very simple. The sides 
are strong wooden bat- 
tons ; at top and bottom 
& pair of screw clamps cross the frame and hold on 
to the sides by slide joints. In the centre a thick 
worm-scerew runs through holes in the under 
bars of the clamps. Lay the hide, evenly damped 
throughout, in the frame, neck to the head and 
tail to the bottom; screw the clamps firmly 
down ; turn the centre screw till the hide is 
drawn tight as the head of a drum and tightor. 
All the hides of the batch must be treated in this 
way, and then left to dry. Leather shrinks in 
the drying, and the already stretched hide i» 
drawn still tighter. 


Rules to be Noted. If the stretching 
is done properly, very little trouble will arise 
on that account during the working life of the 
belt. We need hardly point to the importance 
of this. Young workers, however, sometimes 
require the caution that “strength and ignor- 
ance’ are not the equipment of a beltmaker. 
You may bo gifted with the strength of a young 
bull, but it is not necessary to exert the whole 
of it in stretching leather. Some judgment is 
needed as well. With such an instrument ab the 
stretching frame, a strong man could rack the 
hide, but that is not the purpose of it. The 
long lever has been devised to make hard work 
a little easier. So, too, with the damping and 
drying ; the natural force of shrinkage is called 
in, not to break the frames, but to lighten the 
stretcher’s labour. Muscles are spared in order 
to afford brain a chance. Accidents will happen, 
of course, and even the most careful workman 
will occasionally hear the rending crash of a 
drying frame breaking under the strain; but 
experience quickly enables the worker to under- 
stand the stretch required by the average hide. 
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Cutting the Hide. The sole-leather 
manufacturer rejects a considerable portion of 
the hide, but we reject a good deal more. In 
fact, only about one-third of the hide is useful 
















for our present 
purpose. Draw o 
line from the middle 


of cach flank at the 
tail ; join these lines 
with a third across 
the inside of the foro 
shoulder, and you 
have sketched the 
butt of the belt. 
Having cut out tho 
butt, let us see what 


wo havo 
my» got. It is 
an almost 


square picce 
of heavy leather— 
about 4 ft. square— 
thinning slightly 
toward the sides, 
with a hard bank of 
thinness along the 
middle where tho 
animal's backbone 
was. This back- 
bone strip should 
be made the centre 
of a broad belt if 
possible, because it is strong and gives tho belt 
a gentle, natural curve inward, hardly percep- 
tible in the finished article, yet secretly effective 
in aiding the belt to cling to the pulley when 
working. 

Trimming. In the trimming-reom all kinds 
of cutters are provided. Our tool, however, is a 
huge guillotine cutting machine. The blade, 
5 ft. long, } hung in the croxs-beam above tho 
table and between the supporting pillars. By 
means of a gauge at the side we can measure 
the breadth of the cut to the thousandth part of 
an inch. The exact size got, and the clamp 
screwed down, we set the terrible blade going, 
and it shears down through the leather with 
irresistible force. One side trimmed, the other 
is put in and cut to the size. 

Shaving. In spite of every care, the flesh 
ride of tho leather is rough, and, of course, 
the hide varies a good deal in thickness all 
over. We can get rid of the roughnoss and 
inequality at one time. Cylinder shaving ma- 
chines have been provided for the purpose. 
Section after section of our belt, showing every 
possible variation in relative thickness and 
roughness, is run into the machine atter it has 
been properly adjusted, and all come out from 
under the cylinder as alike as so many bullots. 
Anyone can learn to work the shaving machine. 
It is a cylinder covered with knives geared above 
an adjustable roller. Having been set to tho 
woper thicknexs, the machine carries the 
cather against the revolving knives, and a surface 
as smooth as glass is the result. We often hear 
of the superiority of machine over hand pro- 
diction, and this is certainly a finished piece of 
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work ; but we have seon hand shaving quite as 
good. A first-class workman will shave a hide 
as smoothly as any machine yet invented, and 
his hand is gentler on the leather. The machine 
is quicker and more reliable ; let the mechanic 
be content with that. 

Hand shaving is an accomplishment that 
never comes amiss to a beltmaker; indeed, a 
good hand shaver is frequently needed in shops 
where machinery runs from basement to top 
flat. Perhaps the best place to learn how to 
handle the shaving knife is at the whitener’s 
bench in the currying shop. Take the broad- 
bladed knife, hold the handle with both hands, 
letting the thumbs grip on the back and the 
four fingers of each hand rest lightly on the 
blade. Setting the edge at the proper plane, you 
curve round with a sweep, reversing the curve 
at the next stroke. With careful practice a man 
can learn to shave a dry hide so smoothly that 
no line of the knife is visible. It is good training 
for the hand and eye. 

Building the Belt. Now we go into 
the machine shop, and here the practice of 
beltmakers differs to such a degree that what 
is right in one shop 
may be held to be 
altogether wrong in 
another. The merest 
outlines, therefore, 
are all that can be 
given. Some belt- 
makers pride them- 
selves on having 
invented the ma- 
chines they use, and 
the new man in the shop has to learn a part 
of his trade over again. However, it is all 
in the way of making belts, and the building 
up of a belt is the same, whatever may be the 
way of doing it. 

First, then, having gathered our pieces from 
the cutters and trimmers, we begin to build up 
our big belt. 

Splicing. The great belts that fly round on 
the drive of a dynamo of 500 h.p. appear 
to be one single piece, but we know that is 
impossible. We have to build those long things 
up plece by piece, not one piece more than 4 ft. 
long. The homogeneity of the belt is accom- 
plished by splicing. For instance, take two 
pieces of leather, pare the ends of both to a 
thin edge in a slice of about 4 in., put them 
together, and you will find, if you have done the 
paring evenly and cqually, that the two make 
no more than the thickness of the rest of the 
leather. That is splicing or skiving. We have a 
few rkiving machines, all of them quite effective. 
One, the best we have seen, has a slanting table 
adjustable to any angle, and driven under a 
fixed blade. On the table the belt-piece is laid, 
and the blade shaves off a graduated strip, 
beginning at a thin edge, and rising to the thick- 
ness of the belt. To balance the belt, and make 
all the pieces lie on a level plane, the skiving is 
cut alternately on flesh and grain side. The two 
ends of each piece are exactly half the thickness 
of the belt, extended over a graded surface, and 
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when the two are put together they make exactly 
the same bulk as the rest of the belt. 

Joining. We have many methods of 
joining the splices together, those most common 
being thread sewing, wire sewing, lacing, rivet- 
ing, and cementing. For single belts, the 
breadth of which is one piece, we prefer cement- 
ing. It makes the neatest job, and lasts as 
well as any. 

Many beltmakers have patent cements of their 
own, thie composition of which they jealously 
keep secret, but many good recipes are the 
common property of the trade. The following 
are representative and reliable : 

1. Soak in water just sufficient to cover 
them, for ten hours, equal parts of common gluo 
and isinglass; gradually bring to the boil, 
adding tannin extract till the whole takes on a 
ropy consistency. Apply the cement to the 
freshly spliced surfaces, join, and clamp them 
firmly together. ; 

2. Gutta-percha dissolved to the consistency 
of syrup in bisulphide of carbon makes a strong 
cement. In applying, first fill up the pores 
of the leather with the mixture cold. Heat the 
cement, cover both 
surfaces, join to- 
gether, and hammer 
the joint till it has 
become firm and 
cos. 

3. Mix ten parts 
of bisulphide of 
carbon with one of 
oil and turpentine ; 
put in as much 
gutta-percha as will make the liquid thick 
when it has dissolved. When ready, the cement 
is a slowly flowing mixture. Before applying 
this cement, however, it is necessary to clear 
the surface of the leather from grease. Steep 
a cloth in strong ammonia, lay it on the piece to 
be joined, and run it over with a hot iron. Coat 
the cement over both sidgs of the joint, join, 
and put under the press. 

Stitching. AJ] the other methods of 
joining splicings require that holes be bored in 
the leather. When sewn on the machine [28], the 
noedle does the perforation in the fittest way. 
Up till hand recently, the idea of applying a 
sewing machine to a belt wider than six inches’ 
was regarded as prepostcrous ; but now we see 
machines joining belts nearly thirty inches 
broad. Before stitching, either by hand or 
machine, it is advisable to channel the course 
of the sewing, so as to protect the threads from 
friction 

Lacing. If lacing be considered the best 
way of joining a belt, another point comes 
into prominence. We dught, rather, to say two 
points—namely, the piercing of the holes and the 
pattern thereof [28]. Punching holes is alto- 
gether discredited, because the force of the punch 
bruises the leather round the holes, and drilling 
is now generally adopted. The holes should be 
drilled perfectly round, and in a V shape, slightly 
angled. By adopting this shape, you never 
have more than one hole in the same line across 


the belt. This spreads the lacing over the 
belt and gives a firm grip. 

Riveting. Extra broad belts require 
to be built together like the sides of a ship, 
and here, as there, the rivet is the only sure 
binder. Riveting calls for a system of splicing 
of itsown. Instead of a broad, graduated band, 
you make a narrow flange, little broader than the 
rivet-hole. There are many riveting machines 
in use, and hundreds of different makes of rivets 
on the market. The ideal rivet is round, 
with a broad, thin washer. It must always 
be remembered that the pull of a belt is length- 
wise, and corners or points on rivets will break 
into the leather in spite of the most ingenious 
safeguards. 

Link Belts. 
Between the swift- 
ly running pulley 
and the driving 
belt there is always 
a cushion of air. 
In narrow belts 
this mattered 
little, but when 
we began to put 
on belts six feet up 
to ten feet broad, 
the air - cushion 
became a decided 
nuisance under 
certain conditions, 
notably when swift 
drives were on. 
To make a per- 
forated belt was 
to weaken it enor- 
mously. Nature 
seemed to have put 
a barricr across the 
beltmaker’s path 
of progress, say- 
ing, “Thus far, 
and no further.” 
But it occurred to 
one beltmaker and 
another—for no 
one has a mono- 
poly of the idea— 
that a link or 
chain belt would 
solve the difficulty 
(27]. Moreover, the beltmaker has a lot of offal, 
that goes into the glue-pot. By adopting the 
link idea, we at once have ao new form of belt 
and a means of using up our scraps. Scrap 
leather, it must be said, is good leather, but 
simply too small for forming a belt out of. The 
making of link belts is a new and important 
branch of the trade, and highly interesting. 

Making Link Belts. First, the pieces 
of scrap, of a proper thickness, are put under 
the die-cutter and cut to size. Next, the pieces 
are soaked in warm water, and then put under 
the hydraulic press in a mould. When the 
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pieces come out, they are as hard as iron. Now 
they are put under the drills, and two rivet- 
holes bored in each. It is obvious that we 
can build up any size of belt we like out 
of these pieces, just as you can make 
any breadth of chain by putting links together. 
The method of building up these belts is simple 
and ingenious. One piece forms the centre, 
and to each end of this two pieces aro riveted. 
Each of those joined pieces has a rivet-hole 
free, into which anothor pair of links can be fixed. 
The end pieces are half-links, with only one 
hole, thus giving a flat surface at the finish, 
and a complete belt. 

We have purposely left out of account the 


numerous kinds of 
Cc 
F 
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small belts made, 
because tho 
Stands highest test of tensile 


greater, in this 
case, includes the 
less. If you can 
make a belt for 
the main drive, 
the small machine 
belts will give you 
no trouble. 

Loom Pickers. 
Before the Jink 
belts were thought 
of, the beltmaker 
had found a cer- 
tain kind of outlet 
for his offal in 
making engine- 
washers, loom- 
pickers, and other 
wares of that kind. 
It was for these 
purposes, indeed, 
that the die-cutters 
and hydraulic 
presses were intro- 
duced to a large 
extent into the belt 
factory. Loom- 
pickers require to 
be light, hard, and 
of tirm consistency. 
Carefully sclected, 
the leather for the 
pickers is steeped 
in oil, cut to shape 
in the die-cutter, and pressed. The pieces ure 
cemented or riveted together. 

Washers. By a process similar, water- 
proof washers for water engineers of all grades 
are made, from the rings of the huge hydraulic 
ram to the washers of the domestic water-tap. 

Standing, as the beltmaker does, as a helper 
of many industries, he sees opportunities of 
usefulness and profit hidden from other workers 
in leather. Most of us hold the faith that 
“There is nothing like leather,” but we have 
not all an equal opportunity of making practical 
recommendation of our faith. 
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By Dr. A. T. SCHOFIELD 


WE shall here only touch upon those adultera- 
tions connected with our food or drink. 
and that only with extreme brevity; for we 
regret’ to say that the subject is so large and 
complex that awhole book could be filled 
with it. The difficulty is to find a single article 
of commerce that is not liable to adulteration. 


Milk. There are three principal ways in 
which this is adu]terated—as a rule, by the milk 
retailer. Adulteration is not so much practised 
by the wholesale dealer, for according to the 
report of the Local Government Board, only 17 
per 1,000 samples are condemned in the whole- 
sale trade to 125 per 1,000 in the retail. 

These three ways.are by adding water, by 
removing cream, and by adding drug. 

Water. When water is added, the specific 
gravity is lowered. That of milk is 1:029; a3 a 
rule, some cream is removed at the same time 
and the specific gravity is thus raised, so that 
milk can be made very poor, and yet the lacto- 
meter will show the right gravity. A further 
test is needed. The total, which must be found 
by evaporation, should then be 12 per cent. of 
milk, of which 3°5 should be fat, leaving 8°5 solids 
not fat. Tf, then, solids are less than 8°5, water is 
added. For instance, if there are-only 7°0 per 
cent., then ger or 82:35 ia really milk, show- 
ing 17 per cent. of water has been added, and the 
use of the lactometer and evaporation together 
will always detect the double fraud. 

CuHaLK. This is not now added to milk, but 
carbonate of soda, salt, boracic acid, salicylic 
acid, annatto, glycerine, formaldehyde, naphthol, 
starch, germs and dirt are put in it. 

Most of these drugs, some of which are powerful 
irritants, are added to prevent decomposition, 
and the worst is that each person through whose 
hands the milk passes may add a little, so that 
the total amount is serious. For instance, it is 
not uncommon to find a drachm of boric acid 
(60 grains) in a gallon of milk ; the full medicinal 
dose of which is 5 to 15 grains. 

AnnatTTo. This is a yellow colouring matter 
which makes poor milk and cream look richer. 

GLycEeRINE. This is detected by the excessive 
sweetness of the solids. 

Perhaps, as a whole, the most deleterious 
substances added are those which are the result 
of carelessness rather than intention—filth of 
every description. We are entering fully into 
this in dealing with food in infancy, and there- 
fore shall only say that in nearly every case it 
consists of some form of excreta from farmyard 
sweepings, in addition to ordinary dirt. The 
one remedy is to purchase milk only from those 
dairies which are inspected, and which make 
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@ special point of delivering pure milk. We 
must not name them, and can only say that 
every householder should be sure that the milk 
that is used is pure. 

Cream and Butter. Cream is often 
thickened with gelatine and starch, coloured and 
preserved with drugs. Taste and smell! should 
be guides in testing butter. According to analysis, 
it is generally sold pure, for out of 4,329 samples 
examined in London, only 321 were found 
adulterated. But this report is not wholly 
reliable ; for it is impossible to discriminate 
margarine adulteration by analysis. In Holland, 
a very special form of margarine is scientifically 
prepared, and 10 per cent. of it can be mixed 
with butter without any fear of evidence that 
could result in a conviction. Room-butter or 
cream-butter is as special an article in Holland 
as biene-honig (bee honey) is in Switzerland, 
adulteration being so common. 

Besides margarine, water is added. Good 
butter has about 2 ounces of water in the pound ; 
but bad butter, in 16 ounces, has often 6 02. of 
water, 14.0z. of margarine, and 4 oz. of suet and 
drugs—not a desirable compound. In one 
pound of butter, 94 grains of boric acid is some- 
times used, equal to nearly 10 medicinal doses. 

Cheese. Cheese should be moist, with a 
smooth rind. A rich cheese has bulging sides, 
a poor milk cheese has straight sides. Cheese 
is adultcrated in many ways ; starch is added to 
increase weight, and margarine may be added 
to milk cheeses to make them richer. 

Flour. Flour is largely adulterated, besides 
being made from inferior and diseased grain. 

Inferior kinds are generally of a bad colour, 
but by the addition of chlorine and ozonised air 
these can be made snow white, so that their 
imperfection is almost impossible of detection. 

fortunately, this diagram shows that cach 
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variety of starch has a different shaped grain, 
so that each one can readily be recognised with 
the microscope. The adulteration, therefore, of 


flour with inferior starches (rice, potatoes, etc.) 
is easily detected. Other flours are similarly 
adulterated besides wheat flour, such as sago, 
arrowroot. Arrowroot, being expensive, is ex- 
tensively adulterated with potato starch ; indeed, 
“English arrowroot ” consists entirely of this. 


Bread. Bread is adulterated with alum, 
but not so much so as formerly. If there be 
over 10 grains in a 4 Jb. loaf, there is adultera- 
tion. This is readily detected by a solution of 
haemotoxylin and ammonia, which turns bread 
pink; but if there be alum, it turns blue. 


Meat. Meat, fowl and fish are not, of course, 
adulterated ; but much that is inferior, diseased 
or stale is still sold. We give, therefore, a few 
hints to help in securing wholesome food. [See 
also “A Marketing Guide,” HOovusEKEEPING, 
page 1227.] It is not easy to distinguish the 
best foreign meat killed in England from home- 
grown and home-fed beof and mutton. Frozen 
meat, or, as it is sent now, refrigerated meat 
(that is, cooled, but not frozen) is quite good and 
wholesome. The principal difference between it 
and fresh meat is in the flavour, which is 
never so good in the case of meat which has 
been kept on ice. But the difference in price is 
s0 great that it is far better for those who are 
really poor to buy the best foreign meat than 
any other. To a certain extent, the following 
remarks apply to this sort of meat, though they 
are really descriptive of home-killed meat. 

Stale or bad meat looks flabby, spongy, and 
whitish ; the eyes of the animal are sunk and 
the kidneys are bad ; the fat is yellow and there 
is very little of it. 

In buying meat, always choose it yourself ; 
kee it weighed, and pay for it at the time, and 
thus save not less than 20 per cent. Deal, it 
possible, with one respectable butcher ; or you 
may buy the home-killed beef from one, and 
frozen mutton from another, for frozen mutton 
is in better condition than frozen beef. 

BEEF. Prime ox beef has an open grain, is of 
a carnation colour, and marbled with streaks of 
fat. The fat should be white. Cow beef looks 
paler and the grain is closer. If the meat is 
dark red and the fat skinny, it is too old. If 
it rises quickly upon pressure by the thumh, it is 
prime meat; if not, it is poor. 

Mutron. Prime mutton, if large, 1s prububly 
Sussex or Scotch ; if small, Dartmoor or Welsh. 
The Jatter is darker and leaner, the former paler 
and fatter. The meat should be firm and clos« - 
grained, and the more fat, the primer the meat. 
Good meat does not shrink much in cooking, 
and does not gape wide open when cut. 

VEAL AND Lams. Never buy very young veal! 
or lamb. Veal should be two months old at 
least, and the flesh dry, not clammy. Lamb 
should be small, pale red and fat. 

Pork. Pork is best with a thin rind. Buy 
only from a dealer you can trust, as it is often 
diseased. The meat should not be flabby or 
‘clammy, but the fat hard and the Iran nearly 
white. The pressure of the thumb on the rind 
should leave a dent or mark. 

Bacon. Bacon should be fat, clear, and not 
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streakel with yellow. The flesh should adhere 
closely to the bone. 

Poultry. As a rule, fowls and turkeys 
are very digestible, but ducks and geese, which 
are fatty, do not suit everyone, 

Fowts. In buying fowls, choose male birds. 
If young, they have smooth legs and short, soft 
spurs; tho feet bend, the cyes are full and bright. 

ever buy a fowl turning blue or with stiff feet, 
end a cock with a sharp spur is too old. Young 
birds have transparent, unwrinkled skins. 
Dorking fowls are considered the best. 

YOUNG GEESE have yellow feet; old ones havo 


Ducks should have the breast-bone soft and 
gristly, and the feathers unformed. 

TURKEYS should have a smooth skin and no 
spur. 

Fish. When buying a fish, see that it is short, 
thick, well made, with bright scales, and stiff 
and springy to the touch. Tho gills should be 
fresh and red, and the belly firm. If the gills 
are not bright and of a fresh red, the fish is un- 
eatable. Be sure and clean fish a8 soon as ever 
you can, and especially remove tho livers, as if 
they aro left in, the oil from the liver will soak 
into the flesh and make the fish taste very rancid. 

(‘op is in best condition from November to 
March. The flesh should rise again when pressed 
hy the finger, and not leave a dent. 

xis should, if possible, be bought alive and 
killed by dividing the spine just behind the head. 
Fresh water ecls are the best, and silvor eels 
better than dark ones. 

FLOUNDERS are rather watery, but very 
cheap. The best are the plain dark grey ones, 
without red spots. They should be firm and stiff. 

IfYappocks are very good, nutritious and cheap, 
and when bought fresh are most delicious. 

Hurrines and Mackgre should be bought 
very fresh, not the least faded or wrinkled, or 
pliable in the tail, but stiff and springy. 

SALMON, like all other fish, may be judged by 
the gills, eyes, scales and = gencral stiffness. 
When fresh, it has a curd between the flakes, 
After a day or two, this melts, and the fish 
becomes richer and more indigestible. 

In buying Soxk, choose small ones for frying, 
and large ones for boiling. 

‘| URBOT are best when of moderate or small ize ; 
large ones are more watery. The flesh should 
be firm, white, plump and creamy. This fish 
will, if bought fresh, keep two or three days 

PLAICE are very similar to turbot, only not s0 
firm. 

Wintinc should be cleaned all over. They are 
the lightest fish to eat when fresh, and very 
wholesome. 

CopLina are often sold for whiting, but they 
are not nearly as good. They can be distin- 
guished from whiting by their beards. 

Lozsters and Crabs should be chosen by 
their weight in proportion to their size. The 
heavier they are the better. 

Fish kept on ice loses its flavour, though it may 
be quite fresh. It is worth while finding out 
when the fishmonger receives his fish, and making 
the purchase then. Be very careful in buying 
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dried fish. If it be not properly cured, parts 
soon become bad, and may cause serious disease. 

Condiments. To return now to definite 
adulteration of food. 

PEPPER is adulterated with husks, ground olive 
stones, rice, rape seed, bone dust. ete. Olive 
oil is sometimes half cotton-seed oil. 

Mustarp is often largely wheat and pea flour, 
cayenne, plaster of Paris and clay. 

—— are coloured with chlorophyll (harm- 
ess). 

VINEGAR is adulterated with dilute sulphuric 
acid (vitriol), acetic acid, and caramel. Lemon 
juice has added to it sulphuric acid, tartaric 
acid and water. 

Sweets have various substances added. If 
the colour is soluble it is probably harmless. 

Jami. The adulteration of jam is still exten- 
sive, and consists largely of carrots, turnips, 
vegetable marrow refuse, apples, and glucose, 
which we must always remember is liable to 
contain arsenic (as seen some years ago in the 
epidemic poisoning in Manchester from beer so 
adulterated). 

Jams are also adulterated in other ways. 
Seeds to imitate raspberry sceds are most 
ingeniously made by a special machine which 
turns them out in enormous quantities from pine 
wood. Most of these additions are, however, 
practically harmless. 

Honey is adulterated with glucose, and 
GoLDEN Syrup with starch and glucose. 


Beverages. Turning to beverages, we find 
these are frequently adulterated 

Tra, though no longer faced in green tea with 
poisonous salts of copper, is still largely adulter- 
ated with tea sweepings, old used re-dried Jcaves, 
and somctimes clay, lime, or sand, to give weight. 
Other leaves, such as currant, are sometimes 
added. Formerly sloe and willow leaves were used. 

CoFFEE is much adulterated with chicory, some- 
times up to 80 per cent., or even more. Qne- 
ninth of the coffee and onc-sixth of the cocoa 
examined in London were found to be adulter- 
ated—coffee with chicory, roasted wheat, 
potato flour, acorns, date stones, beans and 
maize. 

CuIcoRY is the dried and pounded root of a 
plant, and contains no caffeing. It is injurious 
in quantities, and has many bad after-effects ; 
but the taste in England is so vitiated that 
coffee is often preferred with about 30 per cent. 
of chicory added, while “ French Coffee ’’ often 
has 75 per cent. of chicory, and is sold at about 
half the price of coffee; 5 per cent. of chicory 
is not injurious. Under the microscope, coftec 
has small angular cells, those of chicory being 
large and oval. In water, chicory sinks and 
colours it, while coffee floats and does not. 

Cocoa is adulterated with sugar, starch, brick 
dust, Venetian red, and peroxide of iron, etc. 
Sometimes half the fat is removed, which makes 
it easier of digestion. 

Spirits. Alcoholic beverages arc particularly 
open to adulteration. 

Branpy, when first distilled, is colourless, like 
gin, but darkens with age, and is often coloured 
with burnt sugar. Other adulterants are chiefly 
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water, cayenne pepper and acetic ether. Much 
of the brandy sold, as we have pointed out, owes 
nothing to the grape at all. A recipe for artjficia! 
brandy is to add to every 100 pints of proof spirit 
+ Ib. of argol, some bruised French plums, and a 
quart of Cognac. The distilled mixture has the 
acetic ether, tannin and sugar added. 

Whisky is adulterated in the same way es 
brandy, but is also often prepared from potatoes 
mashed up with malted barley and roughly dis- 
tilled and burnt to give it a smoky flavour. 

Rv is often fraudulently made from malt or 
molasses spirit, with a flavouring made of butter, 
distilled with sulphuric acid and alcohol. This 
imitates the pineapple. 

Gin in England, besides juniper berries, has 
often oil of turpentine added to it. It is largely 
adulterated with water, which makes it cloudy ; 
it is cleared with alum and sugar of lead; sugar 
and cayenne pepper are then added. It is the 
most adulterated spirit sold. 

Wines offer an extensive field to the adultera- 
tor. They are generally adulterated by added 
spirit, artificia) colouring, plastering and fancy 
naming. “Plastering” is adding mineral 
acids or salts to the wine, and particularly 
gypsum or Spanish earth. This sulphate of 
lime clears the wine, makes it look brilliant, and 
changes the tartaric into sulphuric acid. The 
object is to make the wine dry. 

In cheap wine, aniline dyes, logwood, cochi- 
neal, etc., are added for colour. Many imitation 
ports, sherries and other wines arc made in 
England, sold for a few pence a bottle wholesale, 
and retailed as foreign wines. British wines are 
are not made from grape juice at all. 

Many wines are also artificially made in 
Hamburg and elsewhere, ports and sherries from 
fusel oil, and champagne from rhubarb, apples, 
etc. German still wines are artificially acrated. 

BEER being now legal if not made trom malt and 
hops, cannot be said to be adulterated even when 
made from quassia, gentian, celumba, and other 
bitters. Formerly beer was much adulterated ; 
now, except when the materials are themselves 
adulterated, as in glucose, containing arsenic, 
the chief adulterants are water, salt and alum. 
If the SALT amount to over 10 grains per gallon 
the becr is adulterated. 


GOOD AIR 


The atmosphere is the vapour or gaseous 
covering of the globe, on which life depends. 
It extends everywhere up to a height of 40 miles. 

We, on the surface of the earth, are indeed 
moving about on the bed of a vast air ocean, 
40 miles deep, and the pressure of this enormous 
mass is so great that it is equal to 15 lb. on 
every squaro inch of surface. Our bodies, there- 
fore, and everything around us are naturally and 
instinctively constructed to stand this great pres- 
sure, which, being equal on all sides, is not per- 
ceived. Tho force of it is seen at once when it 
can only press on one side of a body, as, for 
instance, on the outside of a glass bell from which 
all the air inside has heen removed. The bell is 
then pressed to the table by the weight of air, so 
that it cannot be moved. It is probable that 


the air ocean is even deeper than 40 miles, for 
there must be some oxygen at any rate much 
further than that distance, since meteors burst 
into combustion at 200 miles from the earth. 

What Air Is. We will first of all consider 
what air is, and then examine the various im- 
purities with which it is adulterated ; they are 
so numerous that it is quite likely that meny 
that have drunk pure water have never yet 
breathed pure air. Tho air we commonly meet 
with has as many ingredients as soup. If we 
want to breathe pure air such as we are going 
to describe, we must go to the top of some moun- 
tain over 10,000 ft. high, letting no one come 
with us to contaminate the air. We must face 
the wind, and then we can inspire pure air. 
In no part of this country is such air to be found. 

Air is a mixture and not a compound like water. 
In the latter, two gases are chemically com- 
pounded and form a liquid. Jn air two gases are 
intermixed Jike sugar and sand, and merely form 
a mixture of gases without chemical change. 

By volume air is one-fifth oxygen and four- 
fifths nitrogen; or per cent., oxygen 20°90, 
nitrogen 79:1, and carbonic acid gas (CO,) ‘04. 
By weight the percentage is oxygen 23, nitrogen 
77, and carbonic acid gas ‘06. There are also 
small amounts of other gases and water vapour 
in pure air. 

Constituents of Air. The gases found 
in air are nitrogen, oxygen and carbonic acid gas 
(carbon dioxide). 

NirrocEn. This is an inert gas used in air 
simply to dilute the too fiery oxygen. It cannot 
support combustion or life as a gas, and yet as 
& chemical clement in combination it is an 
wbsolute essential of all life. It used to be called 
“ avot "—7 ¢., without life, and yet there is no 
organism on earth that can exist without it as 
an essential food. Nitrogen means the birth 
giver or the mother of nitre or saltpcetre. 

It is readily separated from the air by passing 
air over red hot copper, which absorbs all the 
oxygen and leaves the nitrogen. 

OxyGEN. Oxygen in the air varies very 
slightly in amount. On the most breezy moor 
there is 20°98 per cent., or very nearly 21 per 
cent. ; in the closest house there is 20°87 per 
cent. On a high mountain the oxygen is less 
than on @ moor, because there is no vegetation. 

Ozone. Oxygen, again, is of at least three 
qualities. There is the ordinary oxygen found 
everywhere; then there is a concentrated form 
called ozone, formed by electricity and the action 
of the sea water and scaweed round the coasts. 
This is extremely vitalising, and has a pene- 
trating smell. One part of ozone in 2,500,000 
parts of air can be detected by the smell There 
is most ozone at night, in the winter, on high 
ground, round the coast, in the country, after 
thunderstorms, and with a west wind; there 
is none normally in towns or rooms. ‘The 
most that ever occurs is one part to 700,000 
of air, It is to this chiefly that the benefit 
of the sea air is due. Then there is expired 
oxygen that has been breathed and re-breathed, 
found in crowded resorts. Town air, though 
It contains the same proportion of oxygen 


HEALTH 


as moor air, is devitalised, because the air 
is not of the same quality. Air is purified 
and ozonised by electricity, hence the literal 
truth of the expression that a thunder-storm 
“clears the air,”’ and the peculiar fresh feeling 
of town air after one. 

Carsontc Actp Gas (carbon dioxide). If the 
amount of carbonic acid gas in air docs not exceed 
4 parts in every 10,000—that is, ‘04 per cent.— 
the air is not accounted impure. It generally 
varies in pure air from ‘02 to ‘04 per cent. 

Water Vapour. This is present in all 
but pure desert air in the dry season, and is 
necessary for life. The cooler the air the less 
water vapour will it hold. The greatest amount 
it can retain in proportion to the temperature is as 
follows in grains of water to cubic feet of air: 


Air Water ' Air Water 
30 cub. ft. 2 gr. 70 oub. ft. 8 gr. 
40 cub. ft. 3 gr. 80 cub. ft. 11 gr. 
odcub. ft. 4 gr 90 cub. ft. 15 gr. 
60 cub. ft. 6 gr. 100 cub. ft. 20 gr. 


Air saturated with water vapour from 30° to 
40° feels very chilly and eaw ; at 60° saturated 
air is comfortable ; at 100°, as in hothouses, it 
is close and heavy. The most comfortable 
amount is from 1 to 14 per cent. of water (in 
the form of vapour) in the air, or from 50° to 
75° of saturation. 

Properties of Air. The chief properties 
of air are three in number, weight, erpansion 
and diffusion. To the first we have already 
alluded, and have shown that the pressure of 
4) miles of air equals 15 lb. to the square 
inch on the earth’s surface. This pressure is 
sufficient to support a column of mercury in a 
+ in. tube 30 in. high, forming a barometer, b 
which the varying pressure of the air is measured. 
Fifteen pounds to the square inch is one ton to 
the square foot ; and as the surface of the body 
is 16 sq. fi, the pressure on each person amounts 
to 16 tons, and yet it is not felt. 

The weight varies according to moisture and 
tempcrature. Air gets lighter as it gots warmer 
and wetter, and under these conditions the 
barometer falls. 

If there were no expansion of air the separate 
gases, of which air is composed, would all lio in 
layers one above another, the lightest at the top 
This would be the water vapour, then would 
come the nitrogen, then the oxygen, and at the 
bottom, next the earth, all the carbomic acid 
gas, CO,. This would mean death. Again, 
if there were no diffusion, by which one ga: 
rapidly changes place with another, there would 
be no uniformity in the composition of the air, 
as it is by this law that the carbonic acid gas in 
the blood rapidly changes place with the oxygen 
in the lungs, and the carbonic avid gas formed in 
a town 15 rapidly removed to the country to be 
absorbed by plants. On this property again 
hfe depends. 

So far, then, we have given a brief sketch 
of air in its pure and normal state. We will now 
consider the numerous impurities with which all 
the air wo use is really more or less mingled. 

Need of Purity. There are two points 
to notice about air regarded as human food. 
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One is that, unlike aljl other food, which can be 
selected of the greatest purity and best quality 
from all parts of the world, we are compelled by 
an inexorable law of nature to use that air 
that is just in front of our mouths, however 
foul and poisonous it may be. The other is 
that where pure air is moat wanted—that is, 
in cities—it is always most difficult to find, 
because the very men who need it themselves 
poison it. It is curious to think that seventeen 
times every minute pure air is & vital necessity, 
and yet that seventeen times a minute we are 
pouring poison into it. This is exactly similar 
to pouring our sewage into our well of drinking 
water. In air, however, impurity is unavoidable, 
and to mitigate the evil effects the science of 
ventilation has sprung up. With this we shall 
be concerned later. At present we will briefly 
consider what the impurities are, before seeing 
how best to remove them. 

Impurities are of three classes: gases, organic 
prrticles, and inorganic particles. 

Gaseous Impurities. These are ammonia, 
nitrous oxide, excess of CO., carbonic oxide, 
sulphuretted hydrogen, marsh gas and _ sul- 
phurie arid. 

Ammonia. This arises from all decaying 
organic matter. The amount in the air is gene- 
rally about 3 parts in 10,000,000. Rain washes 
it out of the air together with many other im- 
purities. 

Nitrous Oxip£. This is formed from electricity 
after thunder, and also from decomposing 
animal matter. 

Excess oF CO,,. The excess occurs in all indoor 
air and in much town air. Jt has been found as 


follows : 

Place Excess 
National School (Leicester) ‘2 per cent. 
Public Library ‘2 per cent. 
Assize Court (Manchester) 19 per cent. 
Strand Theatre ‘1 per cent. 
Bed-room at night ‘19 per cent. 
Barracks ‘05 per cent. 
Manchester Station ‘04 per cent. 
Mine in Cornwall ‘78 per cent. 
Convict Prison 1:0 per cent 


Tt occurs in excess in mineral water factories. 
In Condon streefs it seldom rises above normal— 
az, ‘04 per cent. When pure, CO, is fatal if it 
amounts to 7°5 per cent., while 1-5 per cent. 

roduces giddmess and fainting. Anything 
elow 1:0 per cent. produces no immediate 
effect on health. CO, is a narcotic and pro 
duces deep sleep, hence one often sleeps better 
(if used to it) in a close unventilated room, 
through being half poisoned with CO,. 

lt is well to remember that CO, is heavier than 
air, and therefore always tends to lie on the 
floor ; hence, the advantage of a bedstead, and 
the danger of sleeping on the floor in a close 


room. Its weight can be shows by pouring some 
into a thin paper box balanced on a scale or on 
to a light paper overshot wheel, which it will 
cause to revolve. The reason one hears so much 
of it as an impurity is because air containing 
4 per cent. breathed out 17 times a minute by 
every human being is laden with haa prrticles 
which are more injurious than the CO, iteself. 
This poisonous organic vapour clings to walls and 
clothes, and leaves a room slowly. The CO, 
itself is easy to remove, for it diffuses rapidly ; 
but the organic matter is difficult to remove, for 
it is not a gas. We may state here that the 
extreme limits of foul air found in frequented 
resorts have been as regards cleficiency of 
oxygen 20°6 per cent. in an old courthouse, 
and, for excess of CO,, ‘7 per cent. in a crowded 
school-room. This amount is, however, very rare. 
CarBonic OxrpE (CO) Tais is a far more 
deadly product, but is fortunstely much rarer. It 
arises generally from unburnt gas, red hot cast- 
iron stoves, and charcoal stoves. Even ‘007 per 
cent. is quite unpleasant in the air, while ‘05 
per cent. (the common quantity of CO, in the 
air) is fatal. Even ‘01 per cent. has cused 
death. At an old church at Ambleside, 800 
persons were poisoned by it from a heated iron 
stove. It is formed wherever combustion goes 
on in close air, and is without smell or taste. 
MarsH Gas. This is practically harmless. 
SULPHURETTED HyproGen. This is a sewer gas. 
Sutpnurous Actp. We find this in the com- 
bustion of coal in close places such as under- 
ground railways. It is a powerful disinfectant. 
Organic Particles. These include pollen 
from flowers, skin cells, pus cells, bits of insects, 
germs of all sorts, hair, wood, flax, wool, cotton, 
paper, silk, starch, manure, vegetable cells, 
seeds of all sorts, and other organic refuse. The 
skin cells are in innumerable millions, being cast 
off the body of each individual daily as dust, 
and then constantly inhaled. Pollen produces 
hay fever. Germs are very numerous, and are 
either harmful or harmless. In London air it is 
computed that some 14,000 are inhaled by each 
person every hour, and all are retained in the 
body, for the expired air contains none. When 
we consider this fact and think of all the filth 
with which the aur is laden, there is surely a strong 
argument in favour of breathing through the 
nose, All inspiration should be so conducted, 
and then not a single germ enters the lung and 
no filthy impurities enter the mouth and defile 
it. No clean person who knows of what dust 
consists can breathe town air through the mouth 
on a windy day. The manure and dust in the 
strects and the disgusting germs connected with 
it are so common in London air, that during 
an investigation a short time ago there was not 
a, single specimen of milk from the smaller dairies 
in London that was not swarming with them. 


Continued 
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Insecte—continued 


8 Fliea and Fleas. This enormous 
assemblage of insects, most of which are small 
or even minute, includes many species that have 
earned an undesirable reputation as blood-suckers 
and pests. Except in fleas and a few others, 
such as sheep-ticks, there are only two mem- 
branous wings, for the hinder pair of these 
organs have been reduced to vestiges (balancers), 
which serve as sensory structures. The mouth 
parts of the female are very often piercing 
and sucking organs of great efficiency, the first 
and second jaws being in the form 
of slender lancets protected above 
and below by the upper and under 
lip respectively [461]. But in 
other types, such as the housc-fly 
(Musca domestica), the jaws are 
modified into a proboscis used for 
sucking juices, and devoid of 
powers of perforation [460]. 

The life-history exhibits a well- 
marked metamorphosis, which may 
be illustrated by reference to the 
blow-flies (Calltphora) or the house- 
fly [459]. The clongated whitish 
eggs (“‘fly-blows’’) are laid in 
animal substances, such as meat, 
and hatch out into limbless mag- 
gots of extreme voracity. After 
growing to a certain size, these 
become quiescent ovoid pups» en- 
closed in firm investments, from 
which the adult flies ultimately 
make their escape. 

Hessian flies are minute forms, 
of which the larve greatly damage 
grain crops, while the fungus flies 
are also very small, and lay their 
eggs in fungi, as these constitute 
the food of the young. The little 
maggots which riddle mushrooms 
are of this nature The larve of 
some of these flies (Sciara) arc 
known in the Northern Hemisphere 
as “army worms,” because millions 
of them may sometimes be seen migrating from 
pee to place, aggregated into writhing, snake- 

ke masses by means of sticky threads. 

Mosquitoes and Gnats. These [464] 
are particularly notable for the blood sucking 
propensities of the female. The larva are little 
worm-like creatures which may be seen wriggling 
about in stagnant water, and possess a breathing 
tube at the tip of the tail, that can be pushed 
above the surface to procure air. The pupa 
floats at the surface, with two breathing tubes 
projecting from its head. If alarmed, it is able 
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THE HOUSE-FLY 
a. Eggs b,c. Young larvae 
d f. Older larve = g—2.. Pups 


7 Adults 
(Photo by Prof. B. H. Bentley) 


to dive. After a time the pupal skin opens, and 
the perfect insect makes its way out. 

Agents of Disease. Some tropical mos- 
quitocs disseminate the germs of such discases 
as malarial fever and sleeping sickness. Wholesale 
destruction of the carly stages. by pouring prt- 
roleum on the surface of the stagnant water in 
which they live, has been employed with great 
success at Havana as a preventive measure 
against yellow fever and malaria. 

Midges are very minute gnats, of which the 
aquatic larve are known as_ blood-worms. 
Crane-fliex are familiar to us in the 
persons of daddy longlegs (Tipula), 
well adapted for climbing among 
grass. The larver (Jeather-jackets) 
gnaw the roots of grasses, and 
become pupe in the ground [sec 
AGRICULTURE, page 1667]. Sand- 
flios arc small gnats of unusually 
bloodthirsty disposition; their 
larve are aquatic. 

Voracious Flies. In the 
flies so far described the antenna 
are long, but in the others now 
to be mentioned they are short. 
Of these the breeze-flies or gad- 
flies possess powerful piercing 
mouth-parts, with which they tor- 
ment both stock and human beings. 
A well-known species is the long 
| brown clegg (Hamatopota  plu- 
malts), often met with in woods. 
In some tropical kinds the jaws 
are of enormous length [ 462] 

Robber-flies are voracious and 
insatiable forms which prey upon 
other insects, even wasps, dragon- 
flies, and tiger-bectles being among 
their victims. 

Hover-flies are swift and elegant 
insects which have already been 
mentioned in connection with 
flowers. Some of them closely 
resemble bees in appearance, and 
this has been deserbed as a 
case of protective mimicry. The larve of 
some well-known species (fridalis) are called 
‘rat-tailed maggots,’ and live in Jiquid filth 
The “tail” isin reality a bicathing tube. Other 
Jarve (Volucella) mhabit the nests of bees and 
wasps, and probably act as scavengers. Housc- 
flies, blow-flies, and many others make up yet 
another family. The dreaded tsctsc-fly (Glossina 
morsttans), 80 fatal to horses in parts of South 
Africa, belongs here [see Plate facing page 3361]. 
Germs of the fly-sickners (Nagand) are intro- 
duced into the blood of the victims. The 
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bot-flies have been de- 
scribed and illustrated 
on pages 2626 and 2627 
in the course on Agri- 
culture. 

Fleas. Fleas [463] 
are wingless members 
of the order, and their 
agility fully compen- 
sates for the loss of the 
power of flight. There 
are many species infest- 
ing different mammals 
and birds. The females 
of the tiny sand-fleas, 
or chiggers (Sarcopsylla 
penetrans) of tropical 
Amcrica deposit their eggs in the feet of human 
beings (or other animals), and unless the pain- 
ful swellings thus brought about are carefully 
treated they are apt to fester dangerously. 
Probably the slang cxpression, ‘ You’ be 
jiggered!” is an invocation to this unpleasant 
insect. 

9. Membraneewinged Insects. These 
constitute a vastly numerous group, including, 
among many others, ants. bees and wasps. 
the most intelligent of their kind. They \ 
are readily recognised by the presence of 
four transparent wings traversed. 
by a comparatively small number 
of veins, the hinder ones being 
much smaller than the others, tu 
which they are in many instances 
attached during flight by means of a row 
of minute hooks. The posterior end of 
the body in the female is commonly 
provided with a piercing apparatus, which 
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apparatus, with two strong blades 
that serve as augers for perforat- 
ing the trunks of sickly or felled 
pine-trees. The eggs laid in the 
holes thus made hatch out into 
wood-eating larve. The life- , is 
history is somewhat prolonged, 

and the perfect insects have been 461. JAWS OF 
known to escape from wooden BLOODSUCKING 





furniture after the lapse of several FLY 
ae (Spread out) 
years. a. Upper lip 
Sawsflies. In these small 6. Laucets 


insects [465] the female possesses 


4 AN OVipositor, consisting of two elegant curved 


saw-edged blades, sliding on supports. The larve: 
somewhat resemble httle caterpillars, and are 
notorious insect-pests. HKose-trees and currant- 
bushes are commonly attacked by some of our 
native species, while others devastate the turnip 
crop. 

Gall-flies. These are minute black 
insects, the females of which are provided with 
slender ovipositors, used in piercing soft vege- 
tuble tissues. for egg-laying purposes. A kind 
of irritation is set up, resulting in the growth 
of an abnormal swelling known as a “ gall,” 
within which the larva lives and feeds 
The oak tree is particularly liable to such 
attacks, and is victimised by a large num- 
ber of specics. The most 
familiar case is afforded by the 
spherical brown bodies known 
as ‘‘oak-apples.” while other 
common ouk-galls look like 
currants, or circular brown = scales 
(“ ouk-spangles ”) on the backs of the 
leaves, The curious tufted red swellings 
(bedeguars) often seen on wild rose- 


may either serve for boring holes, in tong-peakcp bushes, are of similar nature. 


which eggs are laid, in which case it is 
called an “ ovipositor,” or may have been 
modified into a poisoned sting, useful for offence 
and defence. The conspicuous black and yellow, 
or black and red bands, of wasps and bees are 
“warning colours,” indicating their stinging 
powers. 

The larves either resemble caterpillars, or are 
pale, helpless maggots, devoid of limbs, for the 
welfare of which moro or Jess elaborate pro- 
visions are made by the mother insect. Later 
on, & quiescent pupa stage is reached, from which 
the winged adult ultimately emerges. The 
highest members of the order live in communities 
comprising several castes, as 


in termites. These include 
males, perfect females A ii 
(queens), and one or more Vs 


kinds of imperfect female —A 
workers (soldiers). ; 
Wood = wasps. Thesc 
insects somewhat resemble 
‘wasps in appearance, cxcept 
that they do not possess the 
characteristic “waist” and 
sting. The giant wood-wasp 
[see Plate facing page 3361) is a 
typical species, in which the 
female has a powerful boring 
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463. LIFE HISTORY OF FLEA 
a. Adult b. Larva ¢. Pupa d. Egg 


Ichneumon Flies. These flies 
[sec Plate] make up a host of mostly 
inconspicuous little creatures, which go far to 
check the ravages of vegetarian insects, and are 
therefore among the most valuable friends of the 
farmer, market gardener, and forester. Their eggs 
are laid near, on, or in the immature stages of 
other insects, the juices of which are absorbed by 
the larve. The caterpillars and even eggs of 
butterflies and moths are favourite objects of 
attack, while the destructive plant lice (aphides) 
come in for a good deal of attention [467]. Some 
of the Jarger kinds check the ravages of the larve 
of wood-wasps, piercing infested timber with their 
powerful ovipositors [468]. In 
this way they are able to de- 
posit their eggs in the galleries 
of the wood-wasp larve, to 
which their own larve attach 
themselves on hatching out. 
One of ‘our native gall-flies 
actually makes its way under 
water for the purpose of at- 
tacking caddis worms. 

Bees. These tamiliar in- 
sects construct cells of various 
materials in which they lay 
their eggs, and devote most 
of their time to feeding and 


caring for the helpless larve. Some are solitary 
forms, but between these and the complex com- 
munities of humble bees and honey bees there 
are various in- 
termediate 
stages. Their 
dependence 
upon the pol- 
len and nectar 
of flowers has 
been elsewhere 
consi dered, 
but it will be 
well to remem- 
ber that their 
structure has 
been pro- 
foundly modi- 
fied in relation 
to their 
peculiar diet. 
Carpenter 
Bees. These 
are large and 
handsome in- 
sects which 
build their 
nests in dry wood. After biting out an entrance, 
the female constructs three or four parallel] tunnels, 
each of which is divided into a number of cells 
separated by partitions constructed of sawdust 
cemented together with saliva. 
Each cel] contains an egg, to- 
gether with a store of food. 
Carder Bees. These bees 
make their cells in ready-made 
hollows, sometimes using empty 
snail shells for the purpose. The 
material employed consists of 
down from the stems and leaves 
of various plants. This is skil- 
fully woven into the cell walls, 
cement being added to prevent 
the stored honey leaking out. 
Leaf = cutting Bees. 
These nest in various hollows, 
walling-in their cells with pieces 
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a. Mate 0. Female ec. Rreathing 
tube d. Pupa- e. Larva 
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vex in shape, and about half the size of an 
average orange. 

Cuckoo Bees. Like their namesakes among 
the birds, cuckoo 
bees have ac- 
quired the vicious 
habit of taking 
advantage of the 
industry of some 
of their allies for 
the benefit of 
their progeny. 
One such form 
(Stelts minuta) 
victimises 
another bee (Os- 
mia leucomelana), 
which constructs 
its cells in black- 
berry stems. The intruder lays an egg in the 
midst of the provisions stored in each such cell, 
and as the destitute alien is the first to hatch 
out, it grows more rapidly than the lawful owner. 
Ultimately the two larve meet, that of the cuckoo 
bee killing and devouring its opponent. 

Gregarious Bees. Helping to cxplain 
the origin of communal life among bees are 
certain cases—e.g., Halictus—where a number of 
females undertake a certain amount of work for 
the common good, excavating a branching tunnel 
in the ground, with an entrance and vestibule 
used by all. But each indi- 
vidual constructs, stores, and 
finally Jays her eggs in cells as 
an entirely independent task. 
A comparison may almost be 
made with a series of flats 
opening upon a common stair- 
case, and with one front door 
between them. And just as 
in auch a congeries of human 
dwellings an individual em- 
ployed by all may be responsi- 
ble for front door and staircase, 
so among these particular bees 
a sentinel is set at the entrance 
to the burrow. In what man- 
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b. Pupa e Adult 


d. Cocoon 


a. Larva 


b. Drone brood 


» (covered) C. rone brood (uncovered) ‘ : ot} : 3 
of leaves glued together. One . Discand Gombe. Oucon ft, Drone er this functionary is ap 
species native to this country 9. Workers A. Larvw and pups of workers pointed remains to be shown, 


employs the scarlet petals of 
the poppy in this sort of up- 
holstery work, 

Mason Bees. Mason bees have been studied 
with painstaking care in the South of Fri- ve, 
and the following are a few of the details ob- 
served. A flat stone having been selected as a 
foundation, the first cell is made of earth worked 
into a kind of mortar with 
saliva. This is then stored : 
with honey and_ pollen ae: 
mixed together into a sort —-—MME AU Yi 
of AWee t paste ; 8D C88 38 ged rewwriMan Priv 


ewww w. eaawra wuwwas 


Other cells are now LOUSE 

added, to the number of eight or nine, 
and the whole is covered with mortar and 
small stones. The completed nest is con- 


k. Larvw and pup» of drones 
cells som. Commencingcomh n. Drone cells 
(Photograph by Prof. B. H. Bentley) 


lL. Worker Hiumblesbees, ([Sce 
Plate focing page 3361.] These 
common bees are large, some- 
what clumsy-looking insects which live in com- 
munities including workers or imperfect females 
e4 well as ordmary 
members of the two 
sexes, The nests are 
constructed in holes 
in the ground or 
other — sheltered 
pleces, and the es- 
tablishment of 





BORING WOOD 


the Isbours of a 
foundress queen in carly summer. She makes 
a number of waxen cells, stores them with 
honey and pollen, and afterwards feeds the larve 
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when they have devoured these provisions. 
From the first (and several other) batches of 
larve workers are chiefly produced, which under- 
take the constructive and nursing work, until 
at last the queen has 
nothing to do but lay 
eggs. Males and other 
queens are reared from 
some of the eggs laid in 
late summer and early 
autumn. 

The brood-cells differ 
in size according to the 
destiny of their occu- 
pants, the smallest being 

‘ designed for workers, and 
the largest for queens. 
Pollen and honey are 
stored in special recep- 
tacles known as pollen- 
tubs and _ honey-tubs, 
Living in the nest of a 
humble-bee (Bombus), 
and on good terms with a. Feeleis —, Compound 
the members of the com- {Jinor tip oc tt on 

munity, are to be found jf. second jaws g. Tongue 
individuals belonging to 

aw related genus (Psithyrus). These construct 

their cells in association with those of their hosts, 
and steal the honcy and pollen which these have 
stored up for their own benefit. 

Onc species of humble-bee, at least (Bombus 
ruderatus), 19 
known to appoint 
a “trumpeter,” 
which wakes up 
the community at 





469. HEAD OF WORKER 
WITH PROROSCIS EX- 
TENDED (FRONT VIEW) 


three or four 
o'clock in the 
morning. 

The Honey:= 


bees. The honey: 
bees (Ags) are so 
well known that it 
will be unnccessarv 
to say much about 
their habits, espec- 
ially as details will 
he found in the 
course on Bee-Keeping. A community consists 
of w single queon, the mother of all the remaini 
individuals, a large number of workers, an 
numerous drones, or males [466]. The cells are 
of different sizes, as with humble-bees, and eggs 
that would otherwise give \ 
7, 
AMAL: 
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cells.” Odynerus reniformis 
bees. Many of the points 
in the structure of the honey-bee fit it for 
the performance of its complex activities. 
Upon the head there are two large compound 
eyes, used for near vision, and three small simple 
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a. Suspended eggs of wasp bp. Stored caterpillars 


eyes by which objects at a distance can be 
perceived [468]. There is a well-developed 
sense of colour, and flowers which specially lay 
themselves out to attract bees are mostly of 
blue or purple hue. Bees 
have also a keen sense of 
smell, which not only 
attracts them to fragrant 
flowers, but also helps 
them to detect the pre- 
sence of nectar. 

The .mouth-parts of 
the bee are highly speci- 
alised [470]. The power- 
ful first jaws (mandibles) 
are used in the construc- 
tion of the comb, and for 
a great variety of other 
purposes, while the 
second and third jaws 
n are drawn out into a long 

sna” od, Tonguc suctorial and licking ap- 
paratus. The basal part of tius constitutes a tube 
through which nectar or other sweet fluids can be 
sucked up, while its terminal portion is a sort of 
tongue (ligula) that can he inserted into the re- 
cesses of flowers. This [470] is worked up and 
down so as to bring nectar within the tubular 
part of the apparatus. The end of the tongue 
is expanded into a sort of lappet for licking, and 
the sharp blades of the second jaws can be used 
for piercing certain flowers, such as orchids, which 
contain 
sweet sap. 
When not 
in action, 
the suc- 
torial parts 
of the 
mouth are 
folded up 
on the un- 
der side of 
the head, 
enabling 
the _first 
jaws to 
work freely, 

There are 
marked differences between the three pairs of 
legs of a worker-bee. The first are provided with 
combs, by which the delicate antennas are 
cleaned [471], while the third [472] are chiefly 
remarkable for peculiar pollen-brushes on the 
feet, and a depression or “ pollen basket” on 
the outer side of the shin. The hairy feet brush 

= pollen into the baskets, and 
, when of dry nature, a little 
honey is ejected from the 
mouth on to the grains, so 
ax to stick them together. 
Another peculiarity of the 
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SPREAD OUT 
a. First jaws b. Second 
jaws: c. United third 
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472. THIRD LEG OF WORKER 


Inner side 


a. Pollen hasket b. Pollen brush 
c. Wax piucers 
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Structure of Honeys 478. NESTS OF SOLITARY WASPS (IN SECTION) third legs is the nature of 


the joint between shin and 
foot, which constitutes a sort of pincers useful in 
menipulating wax. The wax used in constructing 
combs is secreted in the form of little plates by 
glands opening on the under-side of the abdomen. 


Solitary Wasps. Wasps, like bees, cro 
cither selitary or social, and it is only in the 
latter that workers exist. 

Solitary wasps construct small nests of clay 
and little stones, or else make burrows. They 
posness the curious habit of storing up 
immature—for example, caterpillars—or mature 
insects, or even spiders, for the benefit of 
their larvee when these hatch 
out [478] The kind of victim 
depends upon the species of the 
wasp concerned, but in any case 


it is killed or paralysed by 
stinging. 
Social Wasps. Social 


wasps somewhat resemble social 
bees in their habits, but their 
building material instead of being 
wax is a kind of paper made of 
chewed wood mixed up with 
saliva. In some instances, the 
nest is suspended from a bush or 
tree, as in the example figured 
[474 and 475}, and is provided 
with a kind of overhanging roof 
by which rain is drained off. In 
our commonest native species 
(Vespa vulgaris), an underground 
site is chosen, and a series of 
combs constructed from above 
downwards, the whole being enclosed in severe] 
layers of wasp-paper. Adjacent combs are held 
together by little pillars [476]. 

The young are at first fed upon fruit-juice, 
nectar, and other vegetable matter, for which 
# more stimulating diet of chewed insects is 
afterwards substituted. 

The hornet (Vespa crabro) [see 
Plate facing page 3361] is a 
social wasp which commonly nests 
in hollow trees. 

Ants. These familiar and in- 
telligent diminutive creatures are 
perhaps the most interesting of 
all insects, owing to the extraor- 
dinary way in which they have 
hecome adapted to a_ great 
variety of modes of life. All are 
social, and a community typically 
consists of mates, females, workers 
(of one or more kinds), and, it 
may be, soldiers. The two first 
are generally provided with wings, 
though those of the female are 
soon shed, but exceptions to this 
occur, and some species may 
have both winged and wingless 
individuals of one sex or the other. 
The first pair of jaws (mandibles) 
are well ur even excessively developed, and 
possess unusually free powers of movement in 
accordance with the varied functions they have 
to perform. In many cases, the females (includ- 
ing the workers) are provided with a sting. 

Ants hatch out as helpless limbless larva, 
which have to be fed and carefully attended, 
either by the fertile females or the workers, as 
the case may be. Feeding is rather a curious 
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474, HANGING NEST OF 
HERMIT WASP 





475. NANGING NEST OF 


HERMIT WASP 
Cut open from below to show comb 
(Photographs hy Prof. B. H. Bentley) 
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affair, for the nurse possesses a sort of pouch 
(crop) connected with her gullet, and this is 
used as a store from which nutriment can be 
squeezed up into the mouth. Adults can 
feed one another in the same way. as also the 
little beetles and other insects which are often 
found as guests in their communities. 

The wandering ants that are to be found 
in the tropics are of highly car- 
nivorous habit, and move about 
in large armies, devouring every- 
thing of animal nature that comes 
in thoir way. The fact that they 
are blind, or practically so, does 
not seem to interfere with their 
devastations. Some of these 
forms (Ectton) are common in the 
hotter parts of South America, 
while others, the “driver” ants 
(Anomma), are well known in 
Africa, where criminals, it is said, 
are sometimes tied up in their 
path, to perish miserably, if 
speedily. 

Robber Ants. Ants which 
steal the supplies of other species 
belonging to their own family 
are not infrequent. The brown 
meadow ant (Formica fusca), 
that occupies subterranean dwell- 
ings, is subjected to the unwelcome attentions 
of a smaller species (Solenopsis fugax) living 
in narrow galleries [484] communicating with the 
broader ones of its host, which is unable to 
follow the depredators into their fastncsses. 

If the walls of our houses were riddled with 
galleries inhabited by a pigmy 
race of marauders the situation 
would be a similar one, supposing 
our intelligence were not sufficient 
to tackle effectively the problem 
of protection. 

lavers and Slaves. 
Some of the ants have anticipated 
human malpractices in the way 
of slaving by pressing weaker 
species of their kind into un- 
merited captivity. In one fami- 
har instance the relatively large 
Lard (Polyergus rufescens) is 
of reddish colour and well en- 
dowed in the matter of jaws 
[480], while the enslaved species 
(Formica fusca) is small and dark. 
Regular slave raids are made 
from time to time, when, after a 
stubborn resistance, the pupx 
and older larve of the weaker 
form are carried away to lead a 
life of bondage, to which, indeed, they take 
very kindly. This kind of social economy has 
indeed become an absolute necessity to the 
klavers, which have quite lost the power of feed- 
ing their own young, while some such species 
cannot feed themselves. 

A most extraordinary state of things occurs 
in the case of a small kind of ant (Anergates) 
which possesses no workers of its own, but hives 
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within the communities of another species 
(Tetramortum caspitosum) entirely made up of 
workers. What has become of the males and 


females of the host under such 
circumstances is not definitely 
known. 

Cow-Keeping Ants. Some 
ants, such as the little black species 
(Lastus niger) common in gardens, 
use as part of their food a sweet 
fluid that exudes from plant lice 

(aphides). 
and keep 
< these in- 
sects as 
we keep 
ine 
[477]. 





477. ANT MILKING A 
PLANT-LOUSE 


in the vicinity of the nest, 
with which they are connected 
by covered roads. During 
winter, the fragile eggs of the 
plant lice are taken under- 
ground and sedulously cared 
for. 

Honey-pot Ants. 
There are certain ants (Myr- 
mecocystus) native to the 
United States and Mexico, 
and others (Plagiolepis) found 
in South Africa, which have 
adopted a remarkable method 
of storing surplus honey that 
may have been collected. 
Certain individuals remain in 
the nest and pley the part 
of living “ honey-pots,” swal- 
lowing the sweet fluid that is 
administered to them until 


their distended crops dilate the abdomen to an 
It is supposed that the 
members of the community are able to 
draw from this store when necessary. 

In Europe, North 


enormous size [485]. 


Harvesters. 


The captives are 
fed, sheltered, and jealously guarded. Fenced 
enclosures are constructed for them on plants 
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WASP’S NEST 
a. Hole in ground b. Entrance 
¢c. Covering of wasp-pnper a. Combs 
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AMERICAN ANT 


ments 
made 


ants are leaf-cutting forms 
(Atta) native to tropical America. 
ciated in huge communities occupying compley 


mushroom 


barley grains to germinate to a certain extent until 
the contained starch is converted into malt-sugar, 
when the process is arrested by scalding. In 


similar fashion ants permit ger- 
mination to go on to a certain 
point, and then kill the seedlings 
by biting away the little shoots and 
roots. In 
this way a 
supply of 
the sweet 
food they 
love is= 
secured. 49g quesT-BEETLE 
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ane = OF ANTS BEING FED 
serra of AND CLEANED BY 
£ TWO WORKERS 


They are asso 


underground dwellings, th 
sites of which are marked by 
mounds that may measure as 
much as 40 yardsround. The 
chief food consists of a kind of 
fungus (Rozites gongylophora), 
cultivated on bits of leaf, and 
treated in such a way that 
little white swellings are pro- 
duced [482]. It is these that 
the ants desire. 

The chief duty of one set of 
workers is to collect the pieces 
of Jeaf required. To facilitate 
their operations, roads, largely 
underground, are constructed, 
which lead to suitable trees, 
and may be as much as 20) 
yards long, or more. Curved 
pieces of Jeaf are bitten out 
and carried back to the nest, 





where they are handed over to another set. of 
workers, by them to be reduced to smaller trag- 


and 
into 










Africa and North America, a number beds. 7 

of ants are known that construct Something : “ES 
extensive under- has been ¢ i> o> “A 
ground dwellings, already said ab va” 
in which they about plants ae 
store seeds of vari- which are in hae 
ous kinds. possession of 4 
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Maltsters and 


American = specics 
(Pogonomyrmex) 
may be even said 
to winnow their 
grain, for they care- 
fully strip off the 
husks and deposit 
these on rubbish-heaps outside the nest. 
Mushroom 
Growers. Some of the seed-storing 


which 
food 
shelter 
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of ants, for 





both 
and 
are 


provided by 481. HANGING GARDEN OF A 
the rest of the 
com munity. 
Such plants are often more or less modified 
as an adaptation to this curious kind of 
mutual benefit association. A well-known 


SOUTH AMERICAN ANT 


instance is afforded by the bull’s horn 


b. TOADSTOOLS 


ants almost deserve the name of 


maltsters on account of the way they PRODUCED acacia of Brazil, the large hollow thorns of 
deal with their harvest. The human vatvURALLy By this being inhabited by the guardian ants, 
method of making malt is to allow the FUNGUS for which a special kind of food is provided 
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in the form of nutritious ‘‘ food bodies” —namely, 
little swellings on the tips of the leaves. The 
acacia benefits by this arrangement, for the ants 
keep off leaf-cutting insects. Certain small birds 
have also Jearned to build in the branches of this 
acacia, the ant-guards of which prevent the 
visits of monkeys and other enemies. 

Some South American trees (Cecropia) also 
maintain ant-guards (Azéeca) that live within 
their hollow stems, in each joint of which there 
is a little round pit, serving as a ready-made 
front door to the dwelling provided. At the base 
of each leaf-stalk there is a swelling covered 
with brown hairs, between which grow little 
“food bodies” for the benefit of the ants. 

In some of the East Indian ant plants there is 
a basal swelling [488], traversed by a labyrinth 
of passages in which the attendant insects find 
a commodious dwelling. These passages are 
formed naturally and not excavated by the ants 
themselves. Some such plants are flower-bearing 
species, while others are ferns. 

Homes of Ants. It will already have been 
gathered that ants live in dwellings of the most 
varied kind, many being underground. In a 
large number of species ant-hills are constructed 
of various loose materials, our common native 
wood-ant (Formica rufa) being a good example 
of this. An Asiatic ant (Oecophylia) constructs a 
summer-house of leaves in a curious fashion. 
The larva possesses silk-glands from which a 
sticky fluid exudes, hardening quickly on exposure 
to the air. Advantage of 
this is taken by the workers, 
for they hold larve in their 
jaws, and employ them as 
living gum-bottles, while the 
leaf edges to be cemented are 
held in position by other 
workers. 

Hanging Nests and 
Gardens. Some of the 
South American ants con- 
struct hanging nests in trees 
[479], by which protection 
against floods is secured. Other ants in the same 
part of the world make curious homes which 
well deserve the name of “‘hanging gardens,” for 
they are mainly constructed of living plants, some 
of which have never been found in any other 
situation [481]. The plants are cultivated and 
tended by the ants with which they are usso- 
ciated. The soldiers of certain ants (C'olobopsts) 
which tunnel out 
homes in the 
wood of trees 
play the part of 
living tront- 
doors. Every en- 
trance to the 
nest is guarded 
by one of these 
hall-porters, its 
huge head not 
only exactly fill- 
the aperture, but closely resembling the 
If this curious 
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door be touched by a bit of stick or a feather, it 
remains shut, but is immediately opened when 
stroked by the antenns of a worker. 

Ant Guesta and 
Associates. Not only 
may ants of two or more 
kinds be associated together 
in the same dwelling, but 
a nest may also be tenanted 
by peculiar species of beetles 
(and other insects), spiders, 
mites, or other creatures. 
Many of these, especially 
the beetles, are fed [478] and 
cared for by the ants, some 
of them for the sake of a 
substance which exudes 
from their bodies, others, 
perhaps, to serve as pets. 

The beetle - grubs are 
looked after as well as th: 
adults, at least in the case 
of certain blind species. It 
is probable, too, that some of these guests per- 
form the duties of scavengers. 

Harboured Thievea.§ ©n the other 
hand, cortain ant-beetles not only steal food 
from the ants, but also devour their young. 
There can be no doubt that these curious 
wssociations are very anciont ones, for many 
Hpecies of bectle are found nowhere else. A kind 
of bristle-tail that lives in ants’ nests is a thicf 

ure and simple. It has 
een seen to steal the drops 
of honey being passed from 
the mouth of one worker to 
another, afterwards rctreat- 
ing at full speed for fear of 
sa age consequences. 

The common red ant 
(Myrmica rubra) shelters 
and feeds a curious kind of 
blind mite, which lives on 
the bodies of its hosts. B 
stroking its entertainers with 
its legs it makes known its need of nutriment, and 
buch requests are never refused. Not impossibly 
some return may be made for these good offices, 
but, if so, their nature is so far entirely unknown. 

One of the Indian ants (Sima rufo-nigra) lives 
on the bark of trees with a species of wasp 
(Rhinopsis ruficornis) and a kind of spider 
(Salticus), both of which closely resemble it in 
appearance. The three associates appear to be 
good friends, while wasp and ant sometimes 
engage in a friendly wrestle. 

Means of Communication. The com- 
plex life of an ants’ nest is a striking instance of 
order among apparent disorder. Each of the 
innumerable dividuals discharges its special 
tasks without hesitation, unless unusual circum- 
stances prove a hindrance. It would scem, 
therefore, that there must be some means by 
which one ant can convey information to others. 
When two meet they frequently stroke one 
another with their feelers, and this perhaps 
serves the purpose of language. 
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pysics THE MYSTERY OF COLOUR 
28 What Colour is. Why the Sky is Blue. The Dust and the Sunset. 
Continued. from The Spectrum. The Mind and Colour. Vision. Colour-blindness 


By Dr. C. W. SALEEBY 


WE know what colour is essentially—that 

it is precisely comparable to pitch in 
sound, and that one pure colour differs from 
another, if the complications introduced by our 
seeing apparatus be ignored, neither more nor 
Juss than red differs from the infra-red heat 
rays, or F from G. 

How Colour is Made. Colour is a mat- 
ter of wave length and of frequency of vibra- 
tion. The onward speed of all forms of light 
is the same. Indeed, we have seen that this 
speed is one and the same for ethereal vibra- 
tions in general, and not merely for the octave 
we call light ; but the factor of time enters in an 
entirely different way into our study of light. 
For though red and violet light both pass onwards 
at the same speed, the vibrations constituting the 
first occur at the rate of four hundred billions 
(400 millions of millions) per second, while those 
constituting the latter are about twice as fre- 
quent. Thore is a due proportion between wave 
length and frequency, so that as the wave length 
becomes shorter the frequency of the vibrations 
increases. It is when we think in terms of 
frequency per second that we recognise, most 
completely, the precise parallelism between 
colour and pitch. We turn now to a further 
study of colour as dependent upon the relation 
between ethercal waves and material matter ; 
and also as dependent upon the peculiarities of 
our retine, The analogy with sound will help 
us no longer, but we shall be helped, in some 
measure, by our previous study of Radiant Heat. 

Why Red is Red. It was a saying 
of St. Augustine’s that light is the queen 
of colours. We may read a modern meaning 
into this if we consider the reason why a piece 
of red glass appears red. So long as no light is 
allowed to fall upon or pass through the glass 
it has no colour, but is as black as everything 
else about it. Its redness, then, depends upon 
the manner in which it acts on the light which 
it receives. White light is the queen of colours 
because it contains all the colours, and a piece 
of red glass is red because it transmits the red 
elements in white light. but is opaque to all the 
others. Why it should be transparent to red. 
but opaque to everything else, is a further 
question which we can make no attempt what- 
ever to answer. If the reader will consider it 
for a moment, he will see how difficult it is, and 
how entirely it depends upon an adequate 
knowledge of the nature of matter itself. 

Meanwhile, we must content ourselves with 
the empirical unexplained fact that certain kinds 
of matter have certain relations to ethereal 
waves of certain lengths. The explanation of 
the redness of a red object is thus only partial, 
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but it is unquestionably true as far as it goes ; 
and it applies alike to bodies which are red by 
transmitted light and those which are red by 
reflected light. A piece of red paper is red 
because it absorbs all the constituents of the 
white light which falls upon it, except the red 
which 4 reflects. 

These assertions can easily be proved by 
experiment upon the spectrum. We find that a 
piece of red glass reduces the spectrum of white 
light to its red elements, cutting off the others, 
while a piece of red paper appears red in the 
red part of the spectrum, but black everywhere 
else—because it is compelled to absorb all light 
except red. : 

What Makes the Sky Blue? It is this 
principle of selection which explains many of 
the most glorious colours of Nature. If we ignore, 
as we may, the stara, nebulw and comets, and 
the moon and planets that gain their light from 
the sun, then all the colours of the sky and sea 
und land are to be referred to the white light 
of the sun. Why, then, should the sky be blue ? 
This subject was very carefully studied by 
Professor Tyndall, who showed, now about forty 
years ago, that the explanation is to be found in 
the presence of excessively fine particles that 
float in the atmosphere and, because they are 
so fine, scatter light of very short wave lengths, 
while allowing light of longer wave lengths to 
pass through. Doubtless there is a certain 
amount of scattering of all the rays, but the 
short blue waves are much more scattered than 
the others, and thus endow the sky with its blue 
colour. It is a somewhat prosaic explanation 
of the spendid colour which we associate with the 
firmament, that it is due merely to minute 
particles of “dust’’ in our atmosphere—the 
total thickness of which, of course. as compared 
with celestial distances, is infinitesimal. 

How the Dust Paints the Sunset. 
Reference has already been made to the 
peculiar shape presented by the sun when it is 
very near the horizon. It is now our business 
to explain the magnificent colouring which 
we sco at sunrise and at sunset. The light 
leaving the sun is white at all times. What, 
then, is the reason of the apparent redness of 
the sun when it is near the horizon. and of the 
colouring that is produced around it? The 
answer is that when the sun is near the horizon, 
and the rays are piercing the atmosphere very 
obliquely in order to reach our eyes, its light is 
affected much more by the particles in our 
atmosphere than when the sun is overhead— 
since it encounters more on its way. As must 
be, the blue rays are especially scattered, and it 
is by the red rays especially that we see the sun 


at such times. Every Londoner is familiar with 
tho fact that the presence of an exceptional 
amount of dust in the atmosphere on a foggy 
day similarly affects the appearance of the sun. 
Indeed, it may be said that the sun is never 
white in London, but is yellow even at noonday. 
It has recently been noted by M. Rodin, the 
great French sculptor, that Londoners are 
fortunate in the magnificent effects of colour 
which their sky often yields them. This is some 
compensation, but a very inadequate one, for 
the filthy and health-destroying fashion in 
which we burn our coal. Lastly, it may be 
noted that whenever a large amount of volcanic 
dust is thrown into the atmosphere exception- 
ally brilliant and magnificent sunsets are 
observed. This was the case after the eruption 
of Krakatoa, the eruption at Martinique, and 
the recent cruption of Vesuvius. 


The Spectrum. We now turn to a sub- 
ject which is on the borderland between 
physics and psychology, and which can never 
be properly understood unless we are careful 
constantly to distmguish between the phe- 
nomena which have a physical or objective 
explanation and those which have a psycho- 
logical or subjective explanation. Let us begin, 
first of all, with the physical. 

It is the physical fact that the light which wo 
call white can be decomposed into a spectrum. 
It is also, as might be expected, the fact that 
the various colours thus decomposed can be 
re-composed or combined so as to form white 
light again. This can be done by throwing the 
spectrum on to a series of mirrors, so placed 
that they all throw the light falling upon them 
on the same spot on a dark screen. The spot 
reflecting to the eye simultaneously this mixture 
of rays will appear white. Various other means 
will produce the same result, provided that, as 
in this case, not only are all the necessary colours 
present, but they are present in the proportions 
in which they exist in white light. Now, if we 
manipulate our apparatus so as to prevent the 
green constituent of the light from falling upon 
the screen, we shall find that the illuminated 
part of the screen is no longer white, but red ; 
or, if the yellow constituent of the light. be inter- 
fered with, the spot will appear bluc. Tho 
relation between such colours as blue and 
yellow which, taken together, form white light— 
so far as our eyes are concerned—is ex- 
pressed by the word complementary. This means 
that if white light be taken as full light, blue 
fills up yellow to that fulness (Latin pleo, I fill). 

The Absorption of Light. We must 
distinguish very carefully, however, between the 
behaviour of lights of complementary colours, 
such as blue and yellow, and pigments of corre- 
sponding colours. If blue and yellow lights are 
mixed together, the result is white light, but, 
as everyone knows, if blue and yellow paint arc 
mixed together, the result is not white paint, but 
green paint. For the moment this may appear 
paradoxical, but it will seem so no longer if we 
think more carefully of the difference between 
the two cases. In the case of the paints, their 
colour depends solely, as we have slready seen, 
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upon the colour of the light which they are not 
able to absorb. The light which cannot be 
absorbed by blue paint, but is reflected by it, 
is green, blue, and violet. Similarly, yellow 
paint reflects merely red, yellow, and green. 
This is as much as to say that when the two 
paints are mixed, the only colour which they 
cannot absorb between them is green, and hence 
that is the colour of the mixture. 

A simple device will show the difference 
between mixing blue and yellow paints and blue 
and yellow lights. The latter can casily be done 
by any of many methods, and the result is the 
production of a white or grey light. 

Colour Impressions on the Eye. 
Newton began the study of this subject by 
a very simple and effective method, “the 
use of rotating discs which quickly super- 
pose on the same area of retina different 
impressions of colour.” Newton gave precise 
directions for the size of the seven sectors 
bearing the seven colours, from red to violet, 
which were to be painted on a disc of cardboard, 
so that, when tho disco was rapidly rotated, it 
appeared to be of a uniform grey, approaching 
more and more to whiteness in proper cor to 
the strength of the light by which it was illu- 
minated. Clerk-Maxwell had the excellent idea 
of applying Newton’s colour disc so as to make 
a colour-top. This is simply a flat top of a size 
suitable for holding a number of coloured discs, 
made with a hole at the centre so that they can 
slip over the handle of the top. Each disc has a 
slit in it, so that various pairs of discs may be 
fitted into onc another, simultancously exposing 
various pairs of colours in any fa oboe that 
may be desired. Then the desired result is 
obtained as soon as the top is rapidly spun. As 
the top rotates more slowly, the retina becomes 
unable to retain the successive impressions long 
enough for their combination, and thus suc- 
cessive flashes of colour are scen. 

Deceiving the Eye. There arc various ways 
in which tho retina may be deceived so that the 
sensations of complementary colours are sub- 
jectively produced. Thus, after looking at a red 
spot very fixedly for a few seconds, one sees a 
green spot of similar size when one turns the eye 
to a white surface. The explanation of this 
extremely interesting though familiar fact is that 
the retina has refused to respond to the red con- 
stituent of the white light which is sent to it from 
a white surface, and so interprets the white light 
us green. We may possibly discern some further 
explanation of this when we turn to colour 
vision. Complementary colour sensations may 
also be produced subjectively by what are called 
Gorham’s discs, and by various other methods. 
In all such cases the explanation is beyond the 
reuch of pure physics, and must be sought in the 
facts of colour vision. 

In another respect, also, the retina may be 
deceived. It interprets as simply yellow light two 
entirely distinct forms of external stimulus. 
The yellow light which, as we have secn, is given 
out by sodium, is a pure mono-chromatic yellow, 
all consisting of vibrations of one and the same 
length. But various other cclours may be so 
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artfully mixed that when their combination is 
submitted to the eye it interprets them also as 
yellow. In other words, the eye has no power 
whatever of distinguishing between a pure 
colour and a mixed colour. 


The Brain and Colour Sensations. 
The explanation of these subjective colour sensa- 
tions, as also the discussion of the circumstances in 
which they are aroused, is of the utmost interest 
in relation to painting and the kindred arts. 
There is some evidence to show that these comple- 
mentary sensations are not due to anything that 
happens in the retina itself, but to the behaviour 
of the vision centre at the back of the brain. 
Thus, for instance, if one eye be closed and a 
brilliantly-coloured object be looked at with the 
open eye, the complementary colour sensation 
may be seen in the closed eye, which suggests 
that, in some mysterious way, the first colour 
appears in one part of the vision centre in the 
brain, and its complementary appears in the 
remainder. Then, again, if a colour and its 
complementary are seen at one and the same 
time, each appears richer and finer than it other- 
wise would—a fact which is apparently to be 
explained by the theory that each colour pro- 
duces the other—or, rather, a sensation of the 
other—in that part of the vision centre which 1t 
is not itself affecting. This it is which explains the 
agreeable effect of contrast, provided that it be 
a harmonious and not a discordant contrast. 
What we call a harmony of colours probably 
depends on the process which we have just 
described—each component of the “chord ”’ of 
colours producing its complement in the part of 
the vision centre which it is not itself stimulating. 


Can Colour be Standardised ? There 
are certain elements or constants or physiological 
characters which are associated with every 
colour, and we mist try to analyse these and to 
use, in this analysis, a series of definite terms. 
In point of fact. common language 1s never 
looser than when discussing colour. The Janguage 
of art criticism is equally defective in this re- 
spect, words like tone and shade being used with 
extraordinary elasticity. It may also be noted— 
though we have no present remedy to offer for 
it—that the notation or terminology of colours 
in general is extremely defective. Such a term 
as red, of course, includes colours of very different 
wave lengths, and our attempts to define a par- 
ticular kind of red are as often misleading as not. 
Vory many students have attempted to devise 
some kind of notation for practical use, but none 
of these have hitherto been successful. Thus, 
when a lady wants to match a particular colour, 
she cannot write to the shop and say that she 
wants a red of 358 billions (358,000,000 millions) 
per second, but has to go and take a piece of 
the stuff with her. If we remember the analogy 
between colour and pitch, we shall see that there 
is no inherent reason why colours should not be 
standardised just as musical instruments are 
standardised to English or French pitch. 


The Elements of Colour. The first 
vharacter of any colour is its hue ortone. This 
depends absolutely and without qualification 
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upon the wave length and frequency, and needs 
no further discussion. 

In the second place, there is the character 
sometimes described as purity and sometimes as 
saturation. The word tint is sometimes employed 
to describe this character, but most unfortunatel 
so. The saturation or purity of a colour dopends 
upon the amount of white which is contained in 
the colour. A perfectly pure or saturated colour, 
such as any of the pure colours of the spectrum, 
contains no white whatever ; whereas the more 
the admixture of white with the colour, the less 
pure it is. Plainly there may be an infinite 
number of degrees of saturation from, for instance 
an absolutely pure red, on the one hand, to a 
colour, on the other hand, which one woulc 
describe as a white having the faintest possible 
tinge of red 

The third character of any given colour it 
indicated by such words as brightness, luminosity 
and shade. The best word for its description 
however, ia intensity. The intensity of a colour 
in any given case, may be determined by tw 
factors. In the case of a given cye at a give 
time, it depends upon only one factor—name'y 
the extent or amplitude of the ethereal vibra 
tions. It may range, of course, from the mos 
brilliant and Juminous to the darkest and mos 
sombre shades. 

A Red Rag toa Bull. Our use of th 
word amplitude will at once have shown th 
reader that intensity or brightness in the case c 
colour is absolutely parallel in every respec 
to loudness in the case of sound. But it mus 
also be remombered—and this is true of sound a 
well—that there is a subjective or physiologice 
factor which determines brightness or intensit} 
for one and the same colour may appear intole 
ably bright to one eye, while it is almost somb1 
to another. As an instance, we may take th 
colour red, often known as the dynamogenm 
colour—that is, the colour which produces forc 
We must believe that a red which has no markc 
effect upon ourselves has a far more inten 
influence upon the retina of a bull, which it ms 
arouse to behaviour justifying the name 
dynamogenous. In certain morbid states of tl 
brain, and in certain criminals and in lunatics, 
red colour may act similarly. 

Perhaps the oldest and simplest theory 
colour vision was that the visual cells of ti 
retina—the rods and cones—are thrown in 
vibration in unison with the ethereal vibr 
tions that excite them. This theory has to 
dismissed if only because such rapidity of mov 
ment of ponderable matter, as distinguish 
from ether, is quite inconceivable. The lig 
energy cannot merely be transferred to t 
visual cells ; it must be transformed. We ha 
already noted certain consequences of this trai 
formation—electrical consequences, changes 
the pigment cells, and so on. 

The Theory of Colour Vision. T 
most widely accepted theory of colour vision, 
colour perception, as it is somewhat undesiral 
called, goes by the names of Young and Hel 
holtz. The theory appropriately comes fr 
these two great men, since they were hb 


originally doctors, who, having received a physio- 
logical training, then turned their attention to 
physics. It was propounded by Young in 1807, 
being thus scarcely less than a century old, and 
was revised and elaborated by Helmholtz in 
1852. This theory begins by taking into account 
the known fact that we are not capable of receiving 
simple colour sensations corresponding to every 
colour in the spectrum, but that if three page 
colours are allowed us, their combinations will 

ield us impressions equivalent to all colours. 

c assumption, then, is that our vision is tri- 
chromic—that is to say, that it is based upon 
three primary colour sensations. The Young- 
Helmholtz theory assumes, then, that the retina 
must contain three kinds of photo-chemical 
substances—that is, substances which can be 
chemically influenced by light. These three 
substances are respectively sensitive to the 
three “ primary ” colours—red. green, and blue 
or violet. (Thus “ primary’ here has only a 
physiological meaning—not a physical.) 

ow Colour Strikes the Mind. These 
three substances are supposed to be connected 
with three corresponding sets of nerve fibres, 
and these fibres convey to the brain impulses 
in various proportions according to the wave 
length of the light with which the retina is 
stimulated. The following is the statement of 
Helmholtz as to what actually happens under 
stimulation by various colours, according to the 
trichromic theory of vision : 

“1. Red excites strongly the fibres sensitive 
to red, and feebly the other two—sensation, Red. 

“2. Yellow excites moderately the fibres sensi- 
tive to red and green, feebly the violet-—sensation, 
Yellow. 

«3. Green excites strongly the green, feebly 
the other two—sensation, Green. 

“4. Blue excites moderately the fibres sensitive 
to green and violet, and feebly the red—sensation, 
Blue. 

“5. Violet excites strongly the fibres sensitive 
to violet, and feebly the other two—sensation, 
Violet. 

‘6. When the excitation is nearly equal for the 
three kinds of fibres, then the sensation is White.” 

The arguments for and against this theory 
might be discussed at any length. I{s most 
celebrated modification is known as Heriny’s 
theory, and is about a quarter of a century old. 
It is really a modification of Young’s theory. 
Both of these theories, and also all other 
theories that have been put forward, find 
their most important illustrations and tests in 
the extremely interesting and important fact 
known as colour-blindness. 

Coloursblindnesas. It is not our busi- 
ness here to discuss colour-blindness as a disease, 
nor its extraordinary transmission from grand- 
father to grandson by means of an intervening 
ee and mother who does not herself suffer. 
We have to discuss the disease in relation to its 
physics, and as regards its practical consequences. 
It was first named by Sir David Brewster. The 
most famous case on record is that of the 
illustrions chemist John Dalton, who had “‘ red- 
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blindness,” and studied his own condition in the 
year 1794, by the aid of the spectrum. Hence 
the disease is often known as Daltontsm. 

We may briefly note some forms of colour- 
blindness. In complete colour-blindness, ‘ the 
spectrum appears in shades of grey throughout, 
being lightest in the position of the yellow-green, 
and darkest at each end. A coloured picture 
appears like a photograph or an engraving. 
According to the Young-Helmholtz theory, such 
cases are explicable on the assumption that all 
the “three photo-chemical substances are alike,” 
as is indeed belicved to be normally the case in 
the outlying portions of the retina, which can 
readily be proved to be incapable of perceiving 
colour. In other cases the whole spectrum may 
appear in shades of one colour, suggesting that 
only one photo-chemical substance is present. 

Partial Colour-blindness. But the 
common condition met is partial colour-blind- 
ness, which may be either green- blindness, 
blue- blindness, or red-blindness. Of these the . 
most important are the first and last. In green- 
blindness the spectrum is not shortened, but 
contains nogreen. Furthermore, it is di-chromic 
—that is, consists of only two colours, with or 
without a neutral area of grey. The two colours 
composing the spectrum are a reddish-yellow 
and blue. Such patients confuse bright green 
with dark red, and cannot see at all a dark 
green letter on a black ground. 

In red-blindness, or Daltonism proper, the 
spectrum is shortened, since the red end is absent, 
and it consists merely of two colours—yellow 
and blue. Such patients cannot distinguish 
between dark green and light red, nor can they 
see a dark red letter on a black ground. 

Here we can merely allude to cases of incom- 
plete colour-blindness, the range of which may 
be indefinitely extended. It is unquestionable 
that the eye of the painter sees very differently 
from the eye of the average person who, rela- 
tively to the painter, certainly suffers from incom- 
plete colour-blindness. When a lady complained 
to Turner that she could not see all those 
colours in the sunset, he replied, ‘‘ Ah ! madam, 
don’t you wish you could ?”’ 

The Consequences of Coloursblind:- 
nesa. Colour-blindness is mainly a diseaso 
of the male sex. In all nations, about 34 per 
cent. of the men are colour-blind. Now, red, 
green, and white are universally adopted as 
signals to indicate danger and safety. and 
these are just the colours which the colour- 
blind men mistake. On the other hand, 
other colours cannot be substituted for them, 
since they du not transmit nearly so much of 
the light behind them. Thus, it is necessary 
to exclude colour-blind men from such work as 
that of signalmen ; and this is done by causing 
them to match coloured worsteds In order to 
study the colour sense most perfectly, one should 
employ the pure spectral colours, and Lord Ray- 
leigh, among others, has constructed instruments 
for this purpose. The worsted test universally 
goes by the name of Holmgren, of Upsala, who 
was the first to employ it in a systematic way. 
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JEWELLERS 

The business of a jeweller stands upon a 
different plane to most other shopkeeping depart- 
ments. It possesses many technicalitics, and 
demands the possession of a good practical 
knowledge of its rudiments and a theoretical 
knowledge of its many details. For instance, 
the successful jeweller must be familiar with the 
different qualitics of gold peculiar to Britain, 
America, and the Continent, with rolled gold, and 
gold cased, also with the various precious stones, 
their degrcess of colour, the various forms of 
cutting them, etc. We shall assume that our 
reader has the above knowledge, and a sum of 
£500, an amount by no means excessive. A 
smaller capital will curtail the ability to make 
an efficient display, except by getting into the 
hands of the wholesalers, which the beginner 
should avoid. If one were certain of doing a 
fair return from the commencement, it would 
be otherwise ; but jewellery being one of the 
first trades to suffer in times of depression, 
reserve capital is essential. 

Location. The first thing we have to con- 
sider is the site. The degree of ambition has 
an influence in determining that factor. A start 
may be made in city, town, or country, and the 
choice made from these threc determine the rent 
and taxes to be paid, also the nature of the fit- 
tings, and the class and quality of stuck required. 

The city and town life are more strenuous than 
the country, the risks greater, but the success 
is also greater if attained. Nothing is gained 
without a certain amount of risk. But the 
timid, those who would be worried mentally 
over the thought of risks, are better to decide 
upon the easier and less expensive district. In 
any case, onc must try and get a position or 
shop as close as possible to the centre or 
shopkeeping thoroughfares where the business 
is done, for few of the public go out of their way 
to purchase jewellery. The beginner in the city 
should not pay more than about £100 per 
annum rent, with the capital we mention, for 
rates and taxes will at the least be equal to one 
third additional. Six months’ rent and taxes 
ought to be held in reserve, which, on the 
above basis, is approximately £65. 

Fittings. One must study the district and 
see the class of goods that are more or less in 
demand, thereby forming an idea as to the 
necessary elaborations in fitting up the shop. 
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Advertising 


Try and work out a design of your own, even 
it should be rough in its nature ; strive to get int 
it a distinctive feature ; too much of the preset 
mode of working and constructing is atereot ype 
It is distinctiveness, be it ever so slightly varic 
from the common run, that attracts the eyc | 
the public. In your plan, lay stress upon tl 
design of your window. Plan it so that yc 
are able to get the maximum of articles into 
without crowding, otherwise you lose the di 
tinctive nature and characteristics of your good 
The intcrior of your shop, also. must be nice 
fitted and arranged Eschew the old style 
ebony colour and gold lines, which have serve 
their day. Although effective in some instance 
for the average shop the style is too dark ar 
heavy, and shows marks too plainly. Find o 
if there is in the district a jewellers’ shop fittc 
one who understands the making of airtig 
cases. Lay your idea before him regarding t] 
window especially, and out of his experience | 
will be able to assist you. First of all, consid 
the sum you ought to allot for that purpos 
Here we would add that somewhere about £1( 
at the outside, should be earmarked. Let t 
fittings be as good as possible. Better modi 
somewhat the interior fittings than the windc 
arrangement. 


Stock. While the shop is being fitted u 
you ghould be looking up the stock necessar 
Look round your district, and find out the natu 
of goods in demand, more for the style of desi 
and quality than anything else. We sh 
presume here that our beginner has had sor 
experience among the manufacturers and who 
sale houses, and therefore possesses the kno 
ledge of the markets for his respective articl 
lf he be known personally, he will most likely 
able to purchase on usual terms from the start ; 
not, he will require to give some references frc 
people of standing, and probably to pay cash 
to half the value of the goods selected. 
course, he can da without references if he prov 
that he is in the trade, tells where he is starti! 
and pays cash for the lot. Orce the wholesal 
and makers get your confidence and find that y 
are upright, know the business, and are determir 
to make a success of your venture, you will tl 
get their usual terms. The terms of the varic 
houses vary a little, but the majority work o1 
5 per cent. discount for 30 days, 2} per cent. 
60 days, 90 days net. A few give only 24 


cent. discount for 30 days, and after that net. 
One thing to be careful about is overbuying 
before you are sure of your district. Select 
articles that you believe to be in demand. In 
other words, simply form a nucleus upon which 
you can work. % is easier to get new stock 
in than to get rid of old and unsaleable goods. 
A nico selection, arranged so as to make your 
shop appear full, is all that you require to begin 
with. Let that nucleus be composed principally 
of the genuine material—gold and silver, etc. ; 
then you have at least making-up price in the 
market value of the material, whereas rolled 
gold and imitation jewellery, once soiled, is 
difficult to renew or make fresh. Stock to the 
value of about £200 should be cat ia to begin 
with. That should include principally the every- 
day articles, such as rings, brooches, charms, 
necklets, Jockets, pendants, with an assortment 
of gold, silver, oe metal watches ; muff chains 
are not in great demand at present. Of gents’ 
gold alberts, stock a few only, as they are cut 
so much that they are practically not worth 
handling, but they cannot be entirely neglected. 

Where to Buy. To those in the trade it 
is pretty well known that Hatton Garden and 
(‘harterhouse Street are the districts in London 
where the wholesale jewellers congregate. In 
Clerkenwell Road and the surrounding district 
there are several very good houses, where you 
can get everything and anything of gocd quality 
and at reasonable prices. For the country in 
gencral outside of London, Birmingham is the 
home of the  ebaear manufacturing trade, and 
there all qualities of jewellery may be obtained 
—good, bad, and indifferent; even London 
cannot do without Birmingham. The names of 
many good houses will be found in the retailers’ 
monthly, the ‘“ Watchmaker, Jeweller, and 
Silversmith,” published at 150, Holborn, Lon- 
don, E.C. However, the individual firm need 
not trouble the beginner, for he will not be long 
open before he is found out by the army of trav- 
ellers looking out for fresh business. Here wo 
warn our novics not to believe all that is told 
him by the knights of the road. The retailer 
must set his mind firmly against being influenced 
to take what he is not certain will sell. One 
cannot avoid a little dead stock, but ic keep it 


a> little as possible constitutes tho art of 
buying. 
StocKKeeping. Having attained the 


necessary stock, the next duty is to take a 
record of it in what is called a stock book, 
noting the description of each article, the 
number attached to it, and its cost. See that, 
the stock is kept clean, as well as the window 
and shop. Nothing deteriorates in appearance 
a> the result of finger marks more than gold 
and silver surfaces when finished, and ncthing 
looks more shabby. ‘The salt that is in the 
perspiration has a chemical action, and if not 
wiped off at once it is almost impossible to get 
it off afterwards, as the surface is eaten into. 
Therefore, the few minutes spent with the 
chamois leather is both time and money saved. 
We ad little rolled gold or gold- 


vise that ve 
cased articles be stocked. There are, of course, 
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certain districts where the bulk of the trade is 
done in that class of goods, but here we are dealing 
with jewellers as jewellers, not as fancy goods 
shops. Later on, the jeweller can judge if there 
is much demand for such goods in his district, 
and, if so, it is quite easy to procure stock. 
Better to work on the above principle than 
load oneself at the beginning with doubtful 
articles. In reference to profits in general, it is 
not wise to run under 33} per cent., and get 
50 per cent. if possible. One must bear in 
mind the nature of the trade. Jewellery is not 
a necessity of life where you are sure of a certain 
turnover day by day, and, as we have stated, 
it is the first trade that is subject to suffer from 
general or local depression. Meanwhile, the 
expenses are running on and have to be met, 
for the landlord and the tax-gatherer do not take 
the ups and downs of your business into con- 
sideration. 


Repairing. There is one source of revenue 
to be made which is a great help in a small busi- 
ness—namely, the repairing department. Nearly 
all jewellers take in watch and_ jewelle 
repairs. Jf you are a watchmaker you can fill 
up your spare time at that branch, and if you 
have not enough work to employ a prat tical 
jeweller, you can always get such work donc 
at a trade shop ; in every town there are some, 
but one can find out only by experience the best 
and most reasonable. Avoid cutting a man 
down too much, for you will only get valuo 
accordingly. Although the finished article may 
lo>k all right, in a very short time it will re- 
veal its nature, and then you will havo trouble 
with your customer, or lose him altogether. 
Most people are open to reason, and a little 
explanation before taking in hand a piece of 
work to be repaired or cleancd properly at a fair 
price, is understocd. If customers attempt to 
beat you auwn, as some will, it is preferablo 
to refuse to do the work rather than take it in 
and do it unsatisfactorily. Again, however, 
with a regular customer one has to come and go 
w little. There are many articlos that will take 
up a man’s time so long that the public eye 
cannot see where the value comes in; and it is 
then difficult to convince as to the reasonahle- 
ness of the charge. But one’s judgment and 
tact must be brought into play, and, a4 o rule, 
matters will right themselven. 

We have not touched on silver plate he- 
cause the sum on which we have been con- 
sidering cannot well include this department. 
That can come later on if the business warrants 
it, and the subject is treated in another article 
in this course. But a few fancy ornaments, 
etc., with an assortment of clocks should te 
added, those being necensary to every household. 

General Policy. It will be observed that 
we have absorbed £365 out of the £500, leaving 
£135 in hand. It is not to be expected that the 
beginner will pay his way from the day of 
opening. Jewellery is a business about which 
the public as a whole know little, and it takes 
time to gain confidence. But confidence once 
inspired, every effort should be made to retain 
it. At the opening there are incidental expenses 
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that are not thought of at the moment, but 
which cannot be avoided, therefore the odd 
£35 can be looked upon as pretty well absorbed. 
So, with the £100 in hand, with care in manage- 
ment, and by sticking closely to business till 
it is established, one should be able to develo 
and command the wholesale market pretty well 
through being able to meet the accounts as 
they become due, thereby also saving the 
discount. It is these small items that help one 
in this world of competition. 

One item to be remembered is the gold and 
Bilver licence issued by the Government in two 
forms. The retailer may sell articles up to 
two ounces of gold and 30 ounces of silver on the 
licence at £2 6s. per annum, and for all above 
that weight the sum is £5 15s. Itis advisable 
to become a member of the National Associa- 
tion of Goldsmiths, which assists and protects 
retailers who are members. 

LICENSED VICTUALLERS 

The trade of the licensed victualler is not 
usually regarded as a branch of shopkeeping. 
Although there is no fundamental reason for 
this, the view is to some extent justified by the 
great differences which exist between the condi- 
tior.s of selling excisable liquors and those of all 
other branches of retailing. No other trade is 
so encompassed and hedged ahout with laws, 
so subject to legal regulation in al] its details, 
or so great an object of the attentions of social 
reformers and zealots. From the time of 
Edward VI., when the first licensing Act was 
passed (1532), at least fifty principal Acts affecting 
“the trade’’ have become law, of which four- 
fifths have come into being in the last 170 years. 

Working-up. There are very few pro- 
prietors of licensed houses who started life 
in “the trade,” chiefly for the reason that the 
conditions of employment in heer and spirit 
selling have little or no attraction for smart 
businesslike young men, and do not foster those 
habits of industry and energy which go far to 
make the successful proprietor. Further, bar- 
men, and even managers, have no great oppor- 
tunity or incentive to save money. Another 
reason is that it is not a trad> which requires the 
experience of a lifetime, for it is so bound and 
fettered by laws and by the system of “ tieing ” 
houses that there is little room for development 
by enterprise. Nevertheless, men have worked 
their way up. The lowest grade of employee 
in the trade is the potman. Formerly his office 
and pride was the keeping and polishing of the 
pewter pots. Now, however, he has degenzrated 
into a general handy-man, his duties ranging 
from sweeping out the bar to ‘“‘ chucking’ out 
its obstreperous occupants. Tne wages vary 
from 10s. to 16s. per week living in, or 20s to 
27s. out. On Saturday nights or other busy 
times he may be called upon to help behind 
the bar, and thus get a footing therein and obtain 
an under barman’s place. From under barman 
at 12s. to 17s. per week to head barman at 18s. 
to 26s. is a matter of personal progress. 

A Manasgership. The ambitious man 
will combine the duties of cellarman with those 
of bar supervision and serving. He may not get 
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extra pay for doing so, but he will accumulate 
valuable experience which will enable him to 
take advantage of a managership opportunity 
later on. The cellarman is responsible for fining 
the ale, for the condition of the beers, keeping 
the spirit vats and the earthenware supply 
casks for the bar stocked, and for keeping the 
bar supplied with the bottled goods as well as 
for the absolute cleanliness of the cellar and its 
utensils, By watching advertisements in the 
trade newspaper—the ‘“‘ Morning Advertiser ’— 
or the trade journals, or by the help of convenient 
friends, he will achieve his next step—to manage 
a house either as working manager under the 
propristor or as manager in sole charge. The 
character of the post naturally depends upon his 
experience. He should be married. With his 
wife to take charge of the housekeeping side 
(providing food for the bar and the staff and 
managing the household affairs) and to serve 
in the bar on ovcasion, ‘he may obtain from 
£2 to £4 a week with board and lodging and will 
draw about 10s. a week extra per head for the 
board of the staff. If unmarried the manager 
is generally expected to provide a female 
assistant to undertake these duties. 

“Tied” and ‘ Free” Houses. Next 
must be considered the man with a limited 
capital which he desires to invest in a public 
house. He may be our manager who has saved 
a few hundred pounds. Public houses are 
divided into two definite classea—houses which 
are ‘‘ free’ and houses which are “ tied,’’ the 
latter far outnumbering the former. In 1893 
only 12:8 per cent. of London houses were 
entirely free, and since then the number has 
been greatly reduced by brewers’ purchases. 
In the provinces they are still fewer. Prices 
almost fabulous have been paid for free houses 
in the past. Their value lies in the fact that 
they are not burdened with loans, whereas the 
man who runs the “tied ’’ house is either in- 
debted to a brewer for part of his capital (lent 
on mortgage) or may be only the brewer's 
tenant. In both cases he must buy his beer 
from this one brewer at higher rates or smaller 
discounts than the “‘ free’? man, and if he has 
also received an advance from a distiller he is 
also bound in the purchase of spirits. Free 
houses are now so few in number and their 
prices so high that they do not come within 
the range of this article. They are objects of 
ambition for the man of considerable capital. 

Capital. A man with a small capital may 
either start a3 a brewer's tenant or as landlord of 
asmallticd house. The novice may be attracted 
by advertisements offering tenancies which can be 
entered upon with a very small inclusive capital, 
say, £150 to £200. But it is necessary to lay 
stress on the fact that it is practically useless to 
lay out money in taking over a house doing the 
very small trade which only can be expected 
for such a sum. A living trade is hardly 
aa a where the takings of the house are 
ess than £100 per month. For capitals of 
from £300 to £500 a man may reckon ypon being 
able to obtain modest tenancies of houses turn- 
ing over, according to locality (town, suburban, 


or country) and class of trade, from £100 to 
£250 per month. These capitals will be made 
up as follows: Deposit with brewers, £75 to 
£125; loose effects, £100 to £150; stock, £50 to 
£100; cash in hand, £40 to £75; legal and 
brokers’, etc., charges and proportion of licence 
duty, compensation fund payment, rent, rates 
and taxes, £35 to £50. This may sometimes be 
reduced a little by arranging with the brewers 
and distillers to take over part of the stock, 
which is bought back as trade requires. The 
lower capitals will apply to the provinces where 
houses are more completely tied than in 
London and other large centres. 

Similar houses on lease from brewers instead of 
on a tenancy agreement will need capitals of 
from £1,500 upwards. Tbey possess the advan- 
tage that they can be sold by the landlord, at 
a profit perhaps, making speculation possible ; 
and also that, in the event of extinction, the 
lessee gets a considerably larger proportion of 
the compensation than the tenant. But the 
responsibilities and amount of possible loss are 
much greater, of course. 

A becrhouse, licensed only for the sale of beer, 
would probably nced a capital of only about 
£150 for a trade of £100 per month. The licence 
duty and working expenses are somewhat less 
than in the cave of the fully-liconsed house, but 
the trade is on a lower grade and the profits and 
possibilities smaller. 

Choosing a House. A good training 
for a landlord of small capital, new to his 
responsibilitics, is afforded by a tenancy — 
under brewers of standing, of course—-in a 
semi-working-class neighbourhood, where most 
of the houses are classed as “ small property,” 
und where there are plenty of people walking 
about. The trade is more easily worked than 
why other town trade. Beer is the article mostly 
sold, for the English working man drinks little 
or no spirits. The day trade in the jug depart- 
ment will also be good. This class of house has 
an advantage over a larger establishment, in 
that it depends mainly upon regular customers, 
who, if well served, will not be drawn by the 
larger house with many lights, which depends 
more and more upon passing custom as 118 size 
increases. Brewers’ rents for these houses are 
very variable, and are usually more than the 
ordinary rental value of the property. They 
ga be anything from £50 to £100. 

‘he man with little capital may also do well 
with the tenancy of a small country inn. The 
prices obtained will be lower, and the profits 
smaller than in town, but the rent will probably 
be nominal (£20 to £40), and there will be the 
advantages of grounds, fruit gardens, poultry 
keeping, and stabling, all of which will contri- 
bute to the income. Grounds and outbuildings 
will enable him to cater for motorist» and 
cyclists; fruit, vegetables, and poultry will 
supply visitors’ meals. In a small country town 
the tenant may let the stabling, if he does not 
wish to work it himself (which entails the 
expense of an extra man), at from £10 to £15 

r annum, to a local jobmaster, who will work 
it in association with him. 
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New houses are very rare in the trade. The 
capital required, and the risks of losing it, aro 
considerable. Justices will grant new Micences 


only for entirely new districts, and even then 
are generally very reluctant to do so. The 
licence is cree’ before building, if the justices 
approve the plans and other details, but the 
licence has to be confirmed when the house is 
ready to be opened, which means that the battlo 
has to be fought over again with the possibility 
of confirmation being refused. If confirmed, it 
is granted for a period of seven years, and at 
the end of this period has to be renewed as a 
new licence, with no right to compensation if 
extinguished. To open anew house of the type 
above indicated would require a capital of from 
£3,000 to £5,000, according to she location— 
country or town. 

The Broker. In the actual choice, tho 
services of a trade broker are indispensable, 
partly because the market is entirely in the 
brokers’ hands, and also because the many legal 
formalities incident to entry to the trade are 
likely to entrap the novice. If reasonable care 
be exercised in the choice of a man, those who 
offer E! Dorados for trifling sums being shunned, 
there will be little cause to regret the small per- 
centage on the amount of the transaction 
absorbed by the broker. Having obtained from 
the broker particulars of houses likely to suit 
his desires and capital, whether in town or 
country, the id Sa landlord should per- 
sonally visit the house offered, and decide the 
choice for himself. He must investigate the 
duration of the lease, the total loan burdens 
on the house, and the reputation which the house 
has with the local authorities, inquiry being 
made of the clerk to the licensing magistrates, 
in order to ascertain whether the Register of 
Licences (which is open to inspection) contains 
any record of transgression by a former holder 
of the licence. These mattcrs are most impor- 
tant, and there is much room for the novice to 
buy dear experience. They should all, therefore, 
be rigorously investigated by his broker, and 
only when he is satisfied should further steps 
be taken. 

Profits. In taking over any business, 
that which ultimately decides the question of 
purchase is the quality and quantity of trade 
done, and in this trade it is paramount. A 
tenant who is tied only for his beer, should make 
not less than from 33 per cent. to 37 or 38 per 
cent. total gros profit on his takings, and from 
30 to 35 per cent. if he be tied for spirits as 
well as beer. These figures do not pretend to 
finality, but indicate what the prospective 
purchaser may reasonably require for the class 
of trade outlined. If, for any reason, the figures 
supplied by the vendor are suspected, the 
receipts for the amounts paid to the brewer 
and distiller will give definite information as to 
the quantity and quality of the business done 
by the house, and the purchaser may reason- 
a occurs their production. 

ans and the Purchase. Although 
starting in business in the licensed trade on 
loans raised by mortgage to brewers and 
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distillers is a feature of the trade, it is highly 
undesirable, as elsewhere, to saddle oneself wi 
the burden of loans from brewers or from 

ivate sources. The man whose house is 
eavily mortgaged, and who is accordingly 
stringently ‘‘ tied,” is fettered in all ways, and 
roper development becomes difficult if not 
impossible. Certainly, the man who takes the 
modest tenancy here referred to should not 
need to borrow. 

A house may be bought “all at” or by 
valuation. The first term means an inclusive 
price for the lease (if any), the fixtures, and all 
utensils appertaining to the business, but ex- 
cluding the stock, which must be valued. The 


inventory of the trade accessories and fixtures - 


should be shown to the representative of the 
brewer to whom the house belongs, to ensure 
that none of the articles catalogued belong to 
him, which, of course, the vendor cannot sell. 
Buying a house by valuation simply means that 
the price is based upon inventories made by the 
representatives of the seller and the buyer of 
everything, including the stock. When the 
tenant or purchaser formally takes over the 
business, the ceremony called the “ change” 
takes place, when the valuations are checked 
and the purchase money is handed over—always 
in cash, never by cheque. 

The Legal Transfer. The transfer 
of a licence is attended with many legal com- 
plexities. Before the ‘‘change’”’ is accomplished 
the incomer’s broker secures for him a “ pro- 
tection order,’”’ to enable him to sell excisable 
liquors until the next meeting of the Special 
Licensing Sessions, of which from four to eight 
are held during the year. Full details of the 
formalities will be supplied by the broker, or 
will be found in such a book as Mr. W. Makins’ 
excellent ‘‘ Licensed Victuallers’ Handbook,” 
wherein will also be found much legal and 
practical information relating to ‘‘ the trade.” 

The Licence and its Renewal. 
In reality, the licensed victualler has two 
licences—the Justices and the Excise. But as 
the issue of the latter is entirely dependent on 
the granting of the former, it is usual to regard 
them together as ‘ the licence.” 

Publicans’ or victuallers’ annual licences in 
the United Kingdom for spirits, beer and 
wine to be consumed on or off the premises are 
of three kinds: (1) the full licence. for the sale 
of excisable liquors during all the hours not 
specified by the Act of 1874; (2) the six-day, 
or early-closing licence, in accepting which the 
liconsee agrees to remain closed during Sunday, 
or to close an hour or more earlier than the 
time stipulated by law ; and (3) a licence which 
combines the features of which are alternative 
in 2. The duty on the second and third licences 
is respectively one-seventh and two-sevenths 
less than that on the first. The choice of the 
licence will be determined by local conditions. 

The duty is based on the rateable value of the 
premises, and varies, for the full licence, from 
£4 10a. for premises rated under £10 to £60 for 
promises at or above £700. For houses whose 
rateable values are between £50 and £100 the 
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duty is £25. The assessment is based on the 
rent payable. 

It has been held that holders of existing 
licences have a primd jece right to renewal, 
and the power of refusal, on other than certain 
well defined grounds connected with the fitness 
of the holder or his premises, is vested in 
Quarter Sessions, on reference from the justices 
and on payment of compensation from the 
trade fund instituted by the 1904 Act. The 
licensed victualler has, therefore, now more 
prospect of continuity in his business than 
formerly ; but if he be only a brewer's tenant 
his share of compensation is rarely, if ever. 
sufficient to cover his losses on the extinction 
of the licence. 

Preserving the Licence. Keeping 
the licence when it is obtained is not an easy 
matter. It may be directly forfeited upon 
conviction for seven particular offences, includ- 
ing felony, keeping a disorderly house, selling 
spirits without a spirit licence, and making inter- 
communication between licensed and unlicensed 
premises. Further, convictions for serving 
drunken persons or children under 14 in open 
vessels, allowing the premises to be used for 
betting, gambling, or allowing customers to be 
on the premises, or billiards to be played, after 
prohibited hours, are entered upon the Register 
of Licences, and regard is had to them by the 
justices when a renewal or transfer is wanted. 

The staff must keep very wide awake to 
prevent betting slips being passed, though it is 
very difficult to detect this. If the loser of a bet 
pays it by paying for drinks it is an offence 
under the Gaming Act. The laws affecting 
the public-house and the preservation of its 
licence are many, and the licensee must be 
thoroughly acquainted with them. The trade 
year-books, or Mr. Makins’ “ Handbook,” give 
full information on all these matters. 

Fittings. Under the 1902 Act all altera- 
tions or additions of a structural] nature have 
to be approved by the justices, and there 
is no appeal from their decision. Plans should 
be submitted before such alterations are carried 
out, or the justices may order the premises to 
be reinstated in their former condition. Struc- 
tural] alterations include shifting a counter or 
a screen, but not the renewal or addition of 
beer engines. The result of the restrictions is 
that alterations are expensive, and rarely carried 
out. When they are, it is a matter for local 
architects and builders, for there are practically 
no firms of public-house fitters. In the case of 
the tenant such expense, where necessary, falls 
upon the brewer. A semicircular bar is the 
most convenient shape where possible, for it 
is more easily supervised, and can be worked 
with a smaller staff than the bar of square or 
three-quarter circle form. 

For the bar-floor mosaic is best, but is ex- 
pensive. A good inlaid linoleum is also hygienic. 
Sawdust absorbs moisture, but a non-absorbent 
floor is cleaner. 

All fittings and utensils will be included in 
the transfer, and it will not be necessary, there- 
fore, to deal with them here m detail; when 


renewal is necessary the catalogues of good 
firms of bar-fittera will show what can be done. 
It may be noted that liberal lighting with 
incandescent gas-lamps is a feature of the 
publican’s show. Electric light is more costly. 


Country Trade. The country publican 
will trade as an innkeeper, which entails the 
compulsory reception of guests. The trade is 
included in the full victualler’s licence. In 
the case of the small house there will be 
little profit derived unless visitors are more 
or less regular. Supplying meals to cyclists, 
motorists, and other road travellers may be 
made very profitable if it can be done in 
quantity. Small trade means much waste. On 
ordinary catering a gross profit of at least 
50 per cent. should be made. As much as 
75 per cent. gross profit may be made on 
teas if they be purveyed in larg> numbers. 
The profit on luncheons 1s more precarious, but 
country produce will help. Outbuildings for 
storage are almost essential to the man who caters 
for cyclists and motorists. In them petrol and 
calcium carbide can be stored and supplied at 
profitable rates. Licences, costing 5s., must be 
obtained from the local authorities in each case. 
Cyclists and motorists are always appreciative 
of good service and catering, and a permanent 
connection may be built up. If the landlord can 
persuade a cyclists’ club to make his house its 
country headquartera it will pay him The same 
remark applies in greater force to Masonic and 
other lodges. 


The Cellar. It is probably not too much 
to nid that profits are made or Jost in the cellar, 
and the importance of method can hardly be over- 
estimated. In a small business it will usually pay 
the publican to be his own cellarer so far as its 
management and arrangement are concerned. 
In any case he should “ break down ”’ spirits him- 
self, and possibly also “ fine’ the ales. ‘“ Break- 
ing down ” 1s a mathematical operation which 
should be conducted strictly with the aid of the 
hydrometer and sliding rule, and according to 
published tables for spirit strength reduction. 
 Fining”’ is the clarification of ales by the 
addition of isinglass or other “ finings.” 

Drinks must be appetising. Wine and _ beer 
must be clear and aerated water sparkling 
Acrated waters are, happily, becoming more and 
more important in ther relation to the pros- 
perity of the licensed victualler. To ensure the 
proper condition of liquors it is necessary to adjust 
carefully the storage conditions for each article. 
Beer in casks and bottles should be kept at a tem- 
perature of about 55° F., port and similar wines at 
60° F., and light wines and spirits at about 40° F 
These temperatures must be carefully maintained, 
which can be done conveniently by means of a set 


of thermometers (such as Hicks’s), indicating the © 


temperatures for the respective articles. 

The cellar must be well ventilated, for bad air 
deteriorates the stock. To keep it sweet it should 
be washed out once or twice a weck, and the 
walls whitewashed annually. (‘are should be 
exercised to avoid spilling beer, for spilt beer 1s 
apt to breed vermin. 
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Burtons and bitters should bo stocked a fort- 
night before sale, so that they may become 
bright by depositing the sediment. 

Racks must be provided for empty bottles. 
Much waste occurs if they are not proserved 
from breakage, for the price of the bottles repre- 
sents the total profit on many bottled articles. 

The gantries, or stillions, on which the casks 
rest, must be solid and substantial, so that the 
beer or spirit may not be shaken up. To pre- 
serve the liquor from the effects of the vibration 
which is often observable in towns, they fre- 
quently reat on sand. 

Ths pipes connecting the cask with the bar 
engine must be kopt scrupulously clean, or the 
best liquors kept under the best conditions will 
be spoilt. The pipes are preferably of fine tin 
in 6-in. sections, connected by special joints of 
pure rubber, and it muat be one of the chiet 
duties of the cellarman to look after them. 
They should be washed out frequently with hot 
soda solution, followed by plentiful flushing with 
fresh water. 


Sidelines and Amusements. Though 
dealt in by all publicans, and therefors not 
strictly sidelines, tobacco, minerals, cider, and 
wines may be briefly referred to hers, ‘tho 
licence for tobacco and snuff dealing 1s always 
taken out with the liquor liceners, and costs 
53. 3d. per annum. The profit will not be more 
than 25 to 30 per cent. gross, and considerab!| 
leas in the case of those provincial houses whic 
are tind to the brewer for tobacco, and the trade 
will not be large. It is quite an easy trade, how- 
ever. On minerals, the gross profits should not 
be less than from 25 to 30 per cent. for bottle 
sales, and 35 to 40 per cent. for pales in 
glasses. ‘The trade is considerable, and is easily 
cultivated. Cider and wines will be very little 
sold in th small house, and even in the larger 
houses the trade is not large. It is chiefly ab- 
sorbed by wine and spirit merchants. 

Amusements in heensed houses are so fre- 
quently the source of trouble with the pohce 
that in many cases publicans have ceased to 
supply them. Automatic pianos distinctly tend 
to cause disorder, and may be removed as public 
nuisances on the complaint of householders. To 
keep a pubhe bilhard table, a special heence is 
necessary, full-licence holders, however, being 
exempt. It has to be apphed for at the annual 
Licensing Sessions, and the conditions which 
apply to liquor licences also apply to it, except 
that it expres on April 8th im each year The 
holder must display a notice to that eftect similar 
to the liquor licence signboard. A good room 
with two tables may bring in as much as £b 
a week, of which 154. to 308 will be absorbed 
by the oxtra staff requir 'd. 


Trade Papers and Societies. The 
trade newspaper is, of course, the ‘‘ Morning 
Advertiser.” Weekly trade journals are “ The 
Licensing World,” published by the Licensed 
Victuallers’ Central Protection Society of Lon- 
don, 35, George Street, Wentminster ; and “ The 
Licensed Victuallers’ Gazette.” published at 81, 
Farringdon Street, London, E.C Both journals 
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publish useful year-books. The Central Protec- 
tion Society also publish pamphlete and booklets 
stating the publican’s side in the many con- 
troversies affecting the trade. This and similar 
protection societies throughout the country look 
after the legal interests of publicans, conducting 
police-court and similar cases for their members. 
The Incorporated Society of Licensed Victuallers, 
in connection with which the ‘ Morning 
Advertiser” was started, and the Licensed 
Victuallers’ Asylum afford relief to distressed 
victuallers, and look after their interests. 


MANICURISTS 

The practice of manicure—probably in almost 
as complete a form as present-day treatment— 
comes to us from a period in the world’s history 
as remote as the time of the Roman Empire. 
The Egyptians also affected some form of it, 
but in a ruder way—little beyond the shaping 
of the nails and staining with the pigments 
peculiar to this race. Such observations as can 
be reliod upon point to the treatment being con- 
fined to shaping the nails in elongated form, 
and staining beyond the light are circle. Pos- 
sibly the cuticle also received attention, together 
with the removal of dirt and debris from under 
the edge of the nail; while the brightening and 
cleaning, and even the bleaching of this portion, 
may have formed a part of the Egyptian process. 

Coming to later French history—say, during 
the Louis period—the art of manicure was well 
understood, and freely patronised. Marie 
Antoinette, with all her mystic aids to beauty, 
did not neglect it. The apartments and secret 
drawers in the boudoir furniture of this epoch, 
together with the peculiar chinaware and 
implements then in vogue, all bear evidence ot 
the employment of this art. 

Manicuriste Abroad. At the present day 
the practice of manicure is probably more 
general in the large cities of the United States 
than anywhere else, though Paris and Berlin, 
and even Vienna, occupy prominent positions in 
this respect. To Paris should fairly be awarded 
the credit for the best work, although here, 
again, New York cannot be omitted from 
recognition. London certainly shows signs of 
advancement, but at present the number of 
practising manicurists in the English metropohs 
is meagre in comparison with the capitals of 
France and the United States. Performers of 
moderate skill and little experience are fairly 
plentiful. Obviously, 1t should be the aim of 
all who practise manicure as a livelihood to 
excel in ability, and there is more scope for 
individuality than may appear at first sight. 

Treatment of the Hand. The shape of 
the finger nails, and their appearance on the 
completion of treatment, vary in different 
countries. In England, the true filbert is 
generally accepted as becoming and proper, 
and very handsome can the hands be made when 
thoroughly treated in this style. The cutiole is 
dressed down to an artistic bevel, the light arc 
accentuated, and the shell pink heightened in 
the centre of the nail, the extremity of the latter 
being imperceptibly bevelled clear of the quick, 
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and showing, of course, the transparency of the 
outer end or edge. In the best style of 
manicure practised in England the polish of the 
nails, although equal in smoothness, lacks in 
brilliancy, and the tinting is much less pro- 
nounced than in the treatment on the Continent 
and in the United States. Probably it would be 
correct to say that in our own country the work 
done with the file and manicure knife is more in 
evidence than is the use of the nippers and 
polishing materials. In France and America, 
the reverse is the case. 

Russians, Viennese, and Germans favour the 
elongated nail, or accentuated point, and also a 
distinct pink polish. Racial distinction may 
have some influence on shape, but certainly the 
two nationalities first-named, and in a some- 
what less degree the Germans, cultivate the 
nail of narrow width, giving quite a pointed 
appearance. The pink tinting and glossy polish 
are also unmistakable. This style of treat- 
ment is affected, too, to some extent, in 
America—a fact which English manicurists 
should not overlook, although, as a general 
tendency, the English filbert is the mode that 
should be practised. 

Operators and Salaries. Manicure is 
largely in the hands of women, but the highest 
exponents are men—chiefly hairdressers—who 
take up this branch and abandon their original 
work. Jt is largely a personal business, few 
assistants being employed for manicure alone. 
Excepting in the best establishments of the West 
End of London, and their equivalents in other 
capitals, the assistants are required to take their 
turn in other departments. 

When manicure is practised by hairdressers’ 
assistants, the commission they receive is usually 
3d. in the shilling, but less in some instances. 
Tho girls are paid 20s., 25s., and 30s. weekly, 
with a commission of about 5 per cent. on the 
takings. There are some establishments which 
confine themselves exclusively to manicure and 
facial massage, and in such cases one or two 
rooms on a floor above the street level usually 
sttffice. 

Equipment. Manicure and facial massage 
(the latter is dealt with in a separate article) 
are nearly always undertaken in conjunction, 
and the same apartment is generally adapted 
for both. The proper equipment of the parlour 
embraces the following: A lavatory basin, 
costing from 45s., with the plumbing in addition, 
according to the circumstances of the apart- 
ment ; a special chair for the patient’s use, often 
made with a reclining back and fitted with cups 
in the arms, so that the hands may be moistened 
in the softening preparations, and otherwise 
prepared for treatment with the manicure 
appliances—such a chair costs from 45s. to 50s. ; 
a stool for the operator, which can be purchased 
for about 2s. 6d.; and usually a portable 
standard lamp, fitted for electricity or gas 
(generally the former), for throwing a good light 
on the fingers, and costing from 7s. 6d. to 21s. 
If the lamp is adapted for electricity, the instal- 
lation of the current may, of course, be a further 
item in the expenditure. 


Ordinary manicure outfits are not costly, 
though some specialists have their own per- 
sonally-selected tool caskets, at an outlay of 
anything up to £5 5s. The charges for treatment 
in the general category of shops are Is., 1s. 6d., 
and 2s., while the best practitioners obtain from 
33. 6d. to 5s. 

Beginners give time—three months or more— 
in return for tuition and experience, or pay £5 
or £10 to be under well-known men. No wages 
are paid in either case. There is a good living 
to be made ultimately by those who really 
acquire proficiency and keep themselves versed 
in the best and latest methods of treatment. 


MASSAGE SPECIALISTS 


The particulars given here should be read 
in conjunction with the article on Manicurists, 
the usual practice being for massage and mani- 
cure to be undertaken as a joint venture. 

Thore two kinds of massege—manuyl and 
mechanica.—the one being done by the hand, 
and the other given by a vibrating machine 
The hand form is probably as old as civilisation, 
but mechanical massage is quite a modern 
acquirement in England, although it has been 
in vogue in America for several years. As a 
general and genuine remedy, there arc many 
operators who claim that there is still no better 
method than the hand treatment. But against 
this there is the fact that the use of mechanical 
appliances is extending and attracting public 
favour. 

Massage Treatment. Opinion is likewise 
divided as to correct procedure. Some experta 
hold that nothing beyond the creams, lotions, or 
oils should be used, while another section favour 
the steaming of the facc in order that the pores 
of the skin may be first opened and the flesh 
rendered supple, and free to absorb the customary 
preparations. In most cases, the latter treatment 
is accomplished by hot towel bindings—that is, 
towels wrung out from quite hot water and 
wrapped round the face. Some operators, how- 
ever, favour direct steaming. This can be done 
with appliances technically termed vaporisers 
(their effect is similar to that of a steam kettle 
on a smaller scale), or by holding the face over 
a vessel containing hot water. 

Charges. Facial massage, as in the case of 
manicure, is usually a department of the hair- 
dresser's establishment, the operator being paid 
a commission for this service in addition to his 
usual wage. The sum varies, but 3d. in the 
shilling is general. Outside a few of the West 
End London houses, assistants are not employed 
for facial message alone. Young ladics as 
masseuses and manicurists are paid from £1 to 
£1 10s. per week and commission (about 5 per 
cent.). 

The charges made for massege treatment 
range from Is. 6d. to 3x. 6d., with 2+ ns the 
average. In good class barbers’ shops, where 
mechanical appliances are in use, gentlemen are 
treated for Is. 6d., and for 1s. if only massage 
by the hand is given. In America, massage is 
far more genera! than in England, and is alwa 
done by barbers. The average charge is Is. 6d., 


SHOPKEEPING 


and 2s. if given by means of the vibrating 
machine. 

The Massage Parlour. When an apart- 
ment is devoted to massage, it usually takes the 
form of an ordinary reception-room, with addi- 
tional fittings as noted in the article on Mani- 
curists. But massage for gentlemen is oftén given 
in the ordinary hair-dressing saloon, and the 
American haircatting chair, as illustrated in the 
article dealing with Hairdressers |page 3297], is 
then used. If mechanical massage is to be given, 
an electrical vibrating machine of the best make 
costs £25, and, of course, a supply of electricity 
must be in readiness for its working. As indi- 
cating what these vibrators are capable of doing, 
it may be stated that they are fitted with levers 
which can be shifted at will, producing vibra- 
tions to suit the operator's requirements, from 
one to seven thousand per minute. A portable 
electrical vibrator can be purchased for £7. 
There are also hand machines at about 30s. cach, 
but these are usually intended for privato uae. 

The conditions which govern the learning of 
the business and gaining an entry into it are 
similar to those described in the artich on 
Manicurists. 


MILLINERS 


The word milliner is derived from Milan, a 
town which at one time gave the law to Europe 
in matters of taste and elegance, and which has 
always been noted for the excellence of its silks 
and velvets, so that, in course of time, one whose 
business it was to shape these materials into the 
different varieties of feminine head-goar came 
to be called a Milaner, or milliner. In former 
years the word appears to have had a masculine 
significance, but in modern times this is one of 
the trades in which women have managed to 
keep the monopoly, and in which they have been, 
on the whole, very successful. There have, of 
course, been a number of cases foredoomed to 
failure from the start. Within the past ten or 
twelve years there has been a great increase in 
the number of milliners’ shops, especially in 
London, and a Jarge percentage of these shops, 
after struggling for existence during a few years, 
have come to an inglorious end in the Bank- 
ruptcy Court. As a rule, the women of this 
country are far behind those of France and 
America in the conduct of commercial onter- 
prise, and the reason for the majority of these 
failures may be found in the fact that many 
who possess some of the qualifications which 
make for success in millinery rush into this 
particular business without having had any 
practical experience, or without having under- 
gone some preliminary training in the elements of 
shopkeeping. The result could hardly be other 
than disastrous 

Training. It is not difficult to obtain a 
thorough training in a comparatively short time, 
and at a rearonable cost, in one of the various 
schools of millinery which are now established 
in London and some of the chief provincia] towns. 
At theso schools the pupils receive instruction in 
the whole art of millinery. They are taught to 
make the wire shapes, to make French flowers, 
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to shape and plait the straw, and to copy with 
absolute accuracy the most elaborately-trimmed 
of Paris models. The course at The Studio 
(School of Drossmaking and Millinery), Artillery 
Mansions, Victoria Street, S.W., lasts for one 
year of three terms. The fees for the course in 
millinery and French flower making are £12, or 
for millinery alone, £6. At the end of that 
period, the pupils sit for the London Higher 
Technical Examinations, and diplomas are 
awarded to successful candidates. Tho examiners 
are drawn from education centres, and from 
different West End firms representing the trade. 
Having passed her examination, the intending 
milliner should spend at least six months in the 
work-room of a good house, and, if possible, 
thould spend a short time in the show-room also, 
in order to obtain some practical knowledge of 
business methods. She should also know how 
and whore to buy all chiffons, silks. and other 
materials, as well as how to take and keep stock ; 
and, if her ordinary school curriculum did not 
include bookkeeping, lessons should be taken in 
that all-important branch of commercial educa- 
tion before she can consider herself ready to 
begin work. 

Capital. With reference to the amount of 
capital which would be required to commence 
business as a milliner, it is not possible to fix any 
definite sum. Various considerations should be 
taken into account, such as the locality chosen 
for the start, the class of business to be done, 
and the character and capability of the individual. 
It may, however, be laid down as a safe rule, 
that no enterprise of this kind should be em- 
barked on unless there is a sufficient sum of 
money in hand to purchase all the stock and 
furniture required, and to pay all working 
expenses for at least one year. The expenses to 
be allowed for would include rent, rates and 
taxes, lighting and heating, wages, and the stock 
for each season, in addition to all personal living 
expenses. Advertising should also be allowed 
for, and unless one had a large connection, a 
considerable sum should be spent in this way. 
A milliner, even more than a dressmaker, finds it 
profitable to keep a regular series of illustrated 
advertisements in two or three of the ladies’ 
papers, and money should also be spent on 
tasteful circulars, printed on good paper, and 
thowing illustrations of each season's hats, 
which should be sent out four times a year. 

Starting in Business. Locality and 
position will probably depend upon the amount 
of capital available. The risk of failure is often 
less in a fashionable seaside resort, or a provincial 
town, than in London, where expenses are 80 
heavy, and where competition is so keen. Too 
much care cannot be given to the artistic fitting 
up and furnishing of the rooms. The fashionable 
London milliner usually trades under a fancy 
name, such as ‘‘ Monica,’’ “ Dolly Varden,” or 
*‘ Lucile.” Her show-rooms are like handsomely 
appointed and luxurious drawing-rooms, with 
the softest of carpets, choice bric-a-brac, and 


Louis Quinze furniture; very little is there to 
show any connection with millinery, except a few 
hats, laid here und there, as if by accident, a few 
more on stands in the corners of the room, and 
deep oak drawers running all round the walls. 
The most private and expensive milliners are 
usually established up one or two flights of stairs, 
or, if on the ground floor, not more than two or 
three models are permitted to be exposed to the 
vulgar gaze, all exclusive designs being jealously 
hidden away under folds of tissue paper in boxes 
or drawers. The suburban milliner, on the 
contrary, pays especial attention to the dressing 
of her window, everything that is new and showy 
being displayed in order to catch the eye of the 
casual passer-by. In both cases, it will he 
necessary to spend a good deal of money 
on carefully selected models, although all 
materials should be stocked in as small quantities 
as possible, as they can be purchased from the 
wholesale houses when required. Unless the West 
End milliner starts with a large connection, she 
will obviously require a substantia) sum for adver- 
tising, as her windows count for little or nothing 
in this respect. In addition to the usual stock- 
in-trade, ready-made blouses, lace, ruffles, 
scarves, etc., and sometimes lingerie and corsets 
are frequently sold by milliners. This is more 
than ever the case since the advent of the motor- 
car. which is said to be ruining the millinery 
trade. Where formerly four or five hats would 
have been sold, nowadays only one, and a few 
cheap motor caps and veils will be considered 
sufficient. 

Practical Hints. Onc experienced assistant, 
costing from 16s. to 21s. a week, with two or three 
improvers at about 6s., will probably be sufficient 
hands to begin with, and when increase of busi- 
ness justifies the engagement of another assin- 
tant, she should, if possible, be a Frenchwoman, 
or, at any rate, she should have spent some time 
in France. In addition to the ordinary fashion 
journal and circular advertising, any plan which 
might suggest itself as likely to bring people to 
the show-room should be tried. In one case, a 
good connection was established in a very short 
time chiefly owing to the fact that afternoon tea 
was served to customers every day. The par- 
ticular premises referred to happened to be 
unusually suitable, and the outlay and trouble 
involved were trifling, while the increase of 
custom was remarkable. 

To make the business an artistic and financial 
success, it is not sufficient to possess only 
quickness of observation and the power to 
imitate and adapt, as well as the talent necessary 
to make a hat. To all this must be added the 
art of the saleswoman. It is all-important to 
remember that the great object, especially of 
the beginner, is not so much to sell a hat as to 
please the customer and bring her back to the 
shop, probably with a friend next time, if the 
first choice be something really suitable and 
becoming. Whether living in town or country, 
frequent trips to Paris should be made. 


Continued 
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MUNICIPAL POSTS INTHE COLONIES ,fivit. 
Openings for Teachers, Nurses, Engineers and Sur- 26 


veyors, and Medical and other Officers in British Colonies 


IMPERIAT BERVICE 
continued from 


By ERNEST A. CARR 


With few exceptions, municipal activities are 

naturally far less developed, in our Colonies 
than in the ordered and close-knit life of the home 
country. But as the townships overseas grow 
in size and wealth, and the need for some sort of 
public contro] becomes increasingly ovident, a 
system of local government grows up apace—- 
based for the most part on English models— 
and affords employment for an official staff. To 
select a few striking instances, such towns as 
Melbourne, Wellington, Cape Town, and Johan- 
nesburg enjoy a municipal syatem of local service 
as fully developed in many respects as that of 
London, and examples are not wanting of 
Colonial corporations with profitable undertak- 
ings in gas, electricity, and similar ‘“ municipal 
trading ”’ ventures. 


Openings for Englishmen. For rcaders 
in this country the greatest interest attaches 
to the practical question, “ What demand 
exists in the Colonies for municipal officers 
from England ’* It must be admitted at once, 
in reply. that the general position in respect of 
municipal employment closely resembles that 
described in our preceding article with reference 
to the Government service. The Colony itself, in 
a word, is usually able to meet its own demands 
for candidates. 

But this rule is not without many exceptions. 
Owing mainly to the local lack of training facili- 
ties, the leading Colonial towns apply from time 
to time to English sources for suitable officers— 
and particularly for such skilled servants as 
school teachers, nurses, medical officers of health 
and sanitary inspectors, and municipal engineers 
and surveyors. 

In such cases the selection of a suitable English 
candidate is usually entrusted by the corpora- 
tion concerned to its agent in London, who 
advertises the vacancy either in an organ of the 
particular calling from which application- are 
sought, or in one of the weekly or monthly 
papers devoted to municipal affairs. Among 
publications of the latter class, that in which 
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SALARIES OF ELEMENTARY TEACHERS IN CERTAIN BRITISH COLONIES 


announcements of Colonial appointments most 
frequently appear is probably the “ Municipal 
Journal,” published at 12, Salisbury Square, 
London, E.C. 

Public School Teaching. The depart- 
ment of public education, which in some corners 
of the Empire is in the hands of the responsible 
Government, but is generally controlled by urban 
or district authorities, affords greater scope for 
candidates from Great Britain than any other 
branch of the Colonial public services. Not that 
teachers from the Mother Country are in general 
request throughout the Colonies. In Canada, for 
example, although British qualifications are 
recognised, the supply of teachera trained within 
the Dominion is, except in the North-Weat 
Territories, ample for the vacancies that arise. 
The same is true of Queensland, New South 
Wales, and South Australia, 

On the other hand, there are several Colonies in 
which a demand for educational volunteers from 
home occasionally arises, New Zealand and West 
Australia being instances in point. And in the 
South African Colonies, in particular, the dearth 
of qualified teachers occasions & constant requert 
for outside applicants. 

Prospective emigrants should remember, how- 
ever, that the lack of local teachers often ariars. 
at least in part, from the scanty remuneration 
offered by Colonial school authorities, and that 
the value of a salary is determined, not by its 
amount, but by its purchasing power. Weatern 
Australia is a case in pomt. On the Goldfields, 
and in other districts of the State. the cost of 
living is notoriously high, yet the average stipend 
of teachers is only £143. 

Salaries of Teachers. Tie following 
tabular statement has been compiled to show 
approximately the range of salaries in those 
Colonies in which a substantial demand for 
British elementary teachers at present exists 
Further details as to the prospects of Colonial 
teaching will be found in the invaluable “ Pro- 
fessional Handbook ” mentioned on page 3550. 


Assistants 














Distriet eS TNemarks 
Mule. Female. | Male. | Female. 
| o£ $ £ £ 

South Africa: | 

Cape Colony .. 250-42) 160 350 + 120-350 80-240 \ 

Transvaal ; 300-500 300-490 150-390 90-300 Demand conaderable, 

Orang River Colony .. , 250-450 150-225 | 150-260 90-200 f 
Western Austraha cz 80-450 70-350 | 80-220 60-200 | Many varancics in certain areas, 
New Zealand.. .. 60-375* 60-221° 100-245 | 80-205 | Openings tor well - qualified 

{ toachers, 

N.-W. Territories (Canada) | 130-280 80-175 = 100-200 ; 85-130 Demand constant. 






ith house allowance of £10 ta £50 
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OVIL SERVICER 


South African Appointments. Vacan- 
cies for science teachers and for instructors in 
special subjects, such as nastics or cookery. 
are occasionally advertised in the English educa- 
tional papers. In such cases a second-class pas- 
sage to the Colony is usually provided gratis, the 
selected applicant, in return, entering into an 
engagement for three or five years’ service. The 
remuneration is fairly liberal ; fully certificated 
women teachers of cookery, hygiene, or physical 
drill receive £130 to £180 a year, and the rates 
for male technical teachers are about double these 
figures. 

In the absence of an agreement of this charac- 
ter, trained teachers in quest of employment in 
Cape Colony are recommended by the Emi- 

ants’ Information Office to arrange, if possible, 

or a friend in the Colony to apply on their behalf 
for any suitable vacancy that is advertised out 
there. They should also address a written appli- 
cation for an engagement to the Secretary, 
Education Office, Cape Town. And if a candidate 
sends a statement of his or her qualifications and 
experience to the Department of Public Educa- 
tion at Cape Town, it will be inserted in the “ Edu- 
cation Gazette ’’—an official organ circulating 
among school managers and principals. British 
qualifications, it should be added, are recognised 
in the Colony. Teachers in the Western Province 
are required to be able to speak both Dutch and 
English. 

In the case of female teachers—and these form 
the majority of the educational staff at the Cape— 
application for employment may usefully be 

essed to the Educational Secretary, South 
African Colonisation Society, 47, Victoria Street, 
‘ London, 8.W. Those who desire to complete 
their training in the Colony as elementary, 


secondary, or kindergarten mistresses can obtain: 


from the same Society particulars of the Training 
College for Women Teachers at Grahamstown, 
which is open under certain conditions to candi- 
dates from home. 

Alike in Cape Colony, the Transvaal, and the 
Orange River Colony, the supply of trained 
teachers is still inadequate to the demand, and 
there are, therefore, good openings for qualified 
candidates. But women teachers, especially if 
uncertificated, should not go out to either Colony 
on the chance of securing an engagement unless 
they have friends with whom they can reside 
while seeking employment. They are recom- 
mended instead to seek the aid of the officials of 
the Emigrants’ Information Office, on whose 
advice they may rely implicitly. 

Teaching Posts Elsewhere. JDegrees 
and training certificates obtained in the United 
Kingdom are accepted in Western Australia, 
where teachers are generally in request. But we 
have already mentioned as the chief cause of this 
demand the low salaries which fail to attract 
qualified officers. In view of the high cost of 
diving, the maximum of £220 for assistant mas- 
ters, and £200 for their feminine colleagues, is 
admittedly inadequate. 

In New Zealand, although the average of 
galaries is scarcely higher, the expenses of livi 
are far less, and there is consequently a g 
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local supply of candidates. But well certificated 
British teachers are in request, and those who 
can await the occurrence of suitable vacancies 
may find excellent openings from time to time 
in the public schools of the islands. 

Full information as to the prespects of employ- 
ment in the Canadian North-West Territories 
may be obtained from the Department of Educa- 
tion at Regina. Masters and mistresses trained 
in England are first admitted on an “ interim ”’ 
certificate, and must teach in the Territories for 
a year before receiving @ full .“‘ professional °’ 
standing. As a teacher’s salary depends on the 
class to which he is admitted, candidates are 
recommended to ascertain from the Education 
Department before going out the standing to 
which their British qualifications would entitle 
them. 

Public Nursing. The official handbook 
for emigrants contains a paragraph on nursing 
in the Colonies which, though not restricted to 
municipal nursing, summarises so justly the 
prospects afforded by that particular service 
that it merits quotation: 

‘There are occasionally openings in the 
Colonies for a few trained hospital nurses. 
There are Homes for providing trained nurses 
in some Colonial towns, but, as a rule, the Colonies 
do not offer any great attraction to nurses ; the 
openings are not very numerous, and the pay is 
small as compared with that of other callings.” 

In nearly all British dependencies of every 
sort nurses who have been trained in the 
hospitals of the Motherland are readily admitted 
to practise, and have at least equal chances with 
locally-trained rivals in competing for appoint- 
ments in the asylums and hospitals of the 
Colony. Such positions, however, are not often 
advertisod in this country, and are generally 
secured by candidates who are on the spot. 

Trained nurses employed in the publie service 
in the New South Wales hospitals receive from 
£65 to £97 a year, without bosrd and lodging, 
or £20 to £60 in addition to those allowances. 
This State possesses an Army Nursing Service 
Reserve, for which nurses are eligible between 
the ages of 21 and 40, provided that they have 
had three years’ training in a civil general 
hospital. In Western Australia the rates of pay 
ere £36 to £90 for nurses, and £50 to £150 for 
matrons, with food and quarters; but the 
highest figures are given only on tho Goldfield ., 
where all the necessaries of life arc dear. 

In the municipal and Government hospitals of 
South Africa the remuneration is also generally 
high. Trained nurses receive from £60 to £95 
a year, and matrons £100 to £180, in some 
instances with free quarters and weshing. 
British hospital nurses in quest of appointments 
under the Rhodesian Administration should 
wpply for terms to the London office, 2, London 
‘Wall Buildings, E.C. Applications for an en- 
gegement should be addressed to the Medical 
Director at Salisbury, Rhodesia, enclosing duly 
certified copies of certificates end testimonials. 

Asylum  Staffe. Nurses in lunatic 
asylums in Australia are paid from £35 to £75 
&® year, with free quarters and rations; and 


matrons generally between £100 and £160, with 
similar emoluments. The rates for asylum 
warders in the Commonwealth vary considerably 
in the several States, the highest pay being in 
Western Australia (£90 to £150, vith quarters 
and rations) and the lowest in Tasmania (£60 to 
£80, with a like allowance). Candidates for 

osts as nurses or warders in Victoria must be 
botwesn 21 and 40 years of age. 

In South Africa the remuneration of asylum 
officers, in addition to full or partial allowances, 
ranges within the following limits: Nurses, £40 
to £75; matrons, £85 to £150; and warders £50 
to £120. Salaries are generally lower in the 
asylums of Cape Colony then in those of the other 
South African territories. 

Although in strictness a private and volun- 
tary movement, this Association has now been 
accorded a semi-official footing, by the action of 
the Colomal Office in employing it as the chief 
source from which nurses are drawn for Govern- 
rhent service in the Crown Colonies. Apart 
from its most useful efforts in the direction of 
private nursing, the Association is thus in the 
position of an agency for State employment, 
end as such should be mentioned in our columns. 
The trained nurses furnished by this organixation 
to the Colonial Government are employed chiefly 
in British West and Centra] Africa, Cevlon, 
Hong Kong, the Malay States, the Straits 
Settlements, and the West Indies. The term 
of service is usually either three or five years. 
Nurses seeking an engagement of this*nature 
should apply to the Hon. Sec. of the Associa- 
tion, Miss Mowbray, at the Imperial Institute, 
London, 8 W. 

Engineering and Surveying Posts. 
The prospects of British engineering experts 
atid their own land is considered in the 
course on Civil Engineering, and it is necessary 
to add but a few words on the municipal 
side of their profession—which is generally 
less remunerative, by the way, than private 
practice. 

Colonial engagements as municipal engineer 
or surveyor are not often available to candidates 
in this country. The exceptions occur when a 
very responsible position has to be filled—such as 
the chief survevorship of a growing city—and 
there 18 a dearth of local candidates of the 
requisite experience. Vacancies of this class are 
announced in the English engineering journals 
as they arise. Minor appointments are usually 
made from among applicants in the Colony 

British qualifications, however, are widely 
recognised, the M Inst.C E., in particular, being 
28 valuable in the Colonies as in this country. 
In Victoria, corporate members of that Institute, 
and those who have passed the examination of 
the Association of Municipal and County 
Engineers are eligible under certain conditions 
for appointment as municipal surveyors, and 4s 
such may undertake the construction of roads 
and bridges for the local authorities. On the 
other hand, the Lands Survey branch of the 
State Service is recruited mainly by surveyors 
trained in the department itself. 


CIVIL. GERVICE 


Apart from professional posts in technical 
colleges, the Colonial municipalities afford but 
few openings for chemists. The most important 
corresponds with the position of publio analyst in 
an English borough. In the Canadian Dominion 
such officers are required to pass an examina- 
tion in chemistry and microscopy. Analysts to 
local authorities in New South Wales must be 
approved by the Board of Health, which in future 
will recognise only the Associateship and Follow- 
ship of the Institute of Chemistry; and the 
Victorian Health Board, which has similar 
powers, is scarcely less exacting. In many other 
parts of the Empire, however, the detection of 
adulterated food supplies has not become a 
pressing matter, and thus the field for local 
government analysts is still very restricted. 

Other Offices. Other vacancies for munici- 
pal officers of various grades in the Colonics are 
announced from time to time in the English Press 
—generally on terms sufficiently high to attract 
fully competent candidates. Thus, for the positions 
of treasurer and assistant treasurer to a leading 
South African corporation, the respective salaries 
of £1,500 and £600 were lately offered. Medical 
men possessing the public health diploma, 
and willing to sign a three page agreement, 
were invited by the agent of a Natal munici- 
pality to apply for the appointment of medical 
officer of health at a salary of £650 a year, 
rising to £750, with a first-class passage out. 
Again, a vacancy as chief of a corporation fire 
brigade in Cape Colony, with a remuneration of 
£600 yearly, and free quarters, was recently 
advertised in this coun It may be added 
that this post was secured by a candidate who, 
as the head of a considerable English fire force, 
had been in receipt of a salary of £130. 

Such instances serve to show that a well- 
qualified and fortunate municipal officer may 
rapidly advance his embition by emigrating. 
But there is ~o Roywl rond to such advancement. 
Suitable vacancies are rare and eagerly contested, 
and there may be long waiting and many 
disappointments to endure ore the aspirant 
ultimately attains success 

A Last Word. In concluding with the 
present article our survey of the Imperial section, 
we complete also that greater subject of the 
Civil Service of which this forms part. As we 
have sought to show, the Civil Service of the 
Empire 18 of unmatched variety and extent, 
affording scope in one or other of its three 
divisions— Municipal, National, and Impe11ial—for 
the most diverse talents and ambitions ; and the 
liberal though not extravagant rewards of cach 
section are available, without let or hindrance, 
to men of the requisite abilities. We may, 
perhaps, be forgiven for emphasising anew, in 
conelusion, the qualities that make for succenrs. 
They are, firstly, a sound training, and lastly, 
strenuous and thorough work. In the (Civil 
Service, as elsewhere, there are some mcompe- 
tents and many mediocrities. But the men who 
succeed—the men who “ run through the ruck ” 
and win the prizes of the Service—are they whose 
keynote is Efficiency. 


Civil Service concluded 
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CHILDREN’S CLOTHING 


Suitable Material for Infant Wear. The Layette. A New 
Hygienic Set. Stitches and Methods of Sewing Employed 














By AZELINE LEWIS 


HE clothing of an infant should be light, warm, much of the first period of its existence on its back. 
and easily put on; tightness of any kind _ it follows that no ribbons or strings should be tied 

and heaviness are unhealthy and unwholesome. here tocause pressure onthespine. Further than 
All hard seams and ridges should be avoided; this, the ideal baby garments should all fasten 
the fewer seams there are in a garment the better, either in front or at the side, never at the 
whilst all armholes should be loosely fitting. back, as no matter how soft the ribbon, how 
Materials for Baby Wear. As to the small the bow or buttons, these must cause 
material, medical opinion is unanimous that pressure and irritate the soft and tender flesh. 


it should be Layette. 
woollen, pre- A layette, 
like a 


ferably all 
through. Dr. 
Gordon 
Stables says : 
“The woollen 
garments 
may be as 
sant as you 
please, but let 
them be wool. 
Wool keeps 
up the 
warmth more 
equally, and, 
if light, it 
does not 
‘plot’ the 
skin. Cotton 
cools down 
100 soon, and, 


scau, varies, 
of course, in 
the number 
and quality 
of its compo- 
nent parts, 
according to 
means and 
circum- 
stances. 
There are, 
however, cer- 
tain things 
which are in- 
dispensable 
to any baby’s 
comfort and 
needs, the 
numbers of 





indeed, it which may be 
may get cold added to with 
while | still 1. THE LAYETTE great advan- 
wet with tage, whilst 


perspiration. The animal heat of the body the cost and fineness of the materials with which 
is carried away too rapidly, and a chill to they are fashioned can bo increased accordingly. 
the delicate frame is the inevitable result.” The following, then, may be taken as a fair list 

Flannels, and woollon mate- —__ ue of the least number of article» 
rials too, are now sree in such required for a layctte : 
beautiful qualities, and of such oe Pe 2 Dp; 
fine makes, that there need be i Woolly veata : hy ee 
no fear of the little one not 4 Long flannels 1 Small soft 
being daintily clad. Cambric 6 Day gowns shawl 
and lace may, of course. be used, 4 Nightgowns 1 Large shaw! 
but such things should only be 4-Petticaats for outings, or 
employed for the over gar- 2 Doz Towels a long cloak 
ments, as frocks, petticoats, 

Bibs, bootees, gloves, veils, 


pinafores, slips, skirts, ete. ; 
nothing stiff or starchy should aro all accossories for which no 
come near the face, neck or list can be given. — For a town 
hands. baby two silk skirts will be 
In baby attire simplicity and found: very useful to slip on 
daintiness should be the essen- over the day gown, when it takes 
tials ; the wee mite wants to its everyday ovting, whilst a 
little silk or cambric teagown 


kick and move its arms freely, e8 
and not become tangled up in a is a very delightful addition to 
baby’s wardrobe, in which he 


mass of meaningless frills. As 
a baby should spend the first . || _________________can be smartened up in a few 
months of its life in sleep and 2. GARMENTS FOR THE “‘NEW BABY” minutes, without changing. 
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Tne ideal shape for this garment is the Aliéne 
which set is referred to later on. 

The Garments. Fig. 1 shows the various 
garments of the usual shape : 

THe Brnper. This consists of a straight 
piece of flannel, Sin. or 6 in. wide and about 27 in. 
long, or more. It should be simply torn off 
and left raw-edged, and then 
there will be no ridge to press 
on the baby’s body (¢). 

Tak Vest. The vestshould 
be of the finest wool, opening 
in front, as it will be easier 
to put on, and there is less risk 
of twisting the little arms (9). 
If the idea cannot be aban- 
doned that baby is not pro- 
perly clothed without the 
shirt, this can come next, but 
is quite unnecessary, and is 
very little used, unless made of fim 
nuns’ veiling. | 

THE AMERICAN Lona FLan- 
NEL. This, as will be seen, has 
the bodice front extended into | 
points, one to be passed through | 
a slit and fastened round the | 
body ()). 
There is 
another 
long flannel 
of some- 
what sim- 
pler shape, 
which has 
the advan- 
tage of 
being 
equally use- 
ful during 
the  short- 
coating and 
later periods by merely shortening the skirt. 
Note that the shoulder-straps fasten over 
in front and are of fairly good width, narrow 
tape being likely to cut and 
hurt the infant (e). 

Tne Perricoat. As to the 
petticoat, there is a slight 
diversity of opinion about it, 
some holding it to be neces- 
sary and others not, but a 
woollen-clad baby’s wardrobe 
would not contain it. It is 
usually made of fine longcloth, 
lawn, cambric, or linen, tucked 
and trimmed according to cir- 
cumstances. IJtshould be only 
very loosely gathered round 
the neck (h). 

THE Day Gown. This may 
be of cambric, fine hair-cord 
muslin, gauze flannel, nun’ 
veiling, or Japanese silk, the 
last being preferred by many, 
as it is soft and washes so well. Trimming and 
materials are, of course, matters of taste (5). 

Tue Nianteown. The nightgown should 
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4, OUTDOOR GARMENTS an 


be of Viyella, gauze flannel, fino white wincey, 
or nun’s-veiling The pattern is the same as 
that for the day gown (f). 

EMPIRE Gown oR Rose. The robe can bo as 
smart as possible, the little bodice being formed 
of strips of insertion and tucking (a). 

TuE HEAD-FLANNEL. This should be a 
sensible square of fine flannel, 
36 in. or 45 in. wide, not tho 
small thing usually made, 
which is always slipping off. 
One corner is rounded off, and 
has a casing run round te form 
a hood, as the sketch shows, 
This should be large enough to 
go over the head comfortably 
(c). Acrochet or knitted shawl 
answers this purpose equally 
well, if not better, provided it 
is of a close make, 80 that the 
tiny fingers are not caught in tho 
meshes. 

A delicate baby requires a Shot- 
land shaw! to be cuddled up in, 
but tho same remark applies to 
this as to the little head shawl 
with regard 
to the 
mako. 

S 1K 
Sxrp SKIRT. 
Fig. 1 (d) 
shows this 
skirt, which 
has been 
already re- 
ferred to. 
With re- 
spect to the 
out-of-door 
attire, a 
woollen 
shawl, of firm, close make. is really better and 
warmer for a baby than the usual long cloak, 
unless this be made with sleeves to protect the 
arms and hands. 

A little knitted hood is worn 
by both boy and girl babies for 
the first few months, but head- 
gear is mentioned later. 


As to the towels, of which 
several dozens can well be 
added to the list. these may be 
of birdseye or other diaper, but 
the best are good-sized squares 
of turkish towelling. which can 
either bo bought ready-made, 
or made from the wide make of 
this materia! sold by the yard. 
It can be left raw-edged, or 
simply overcast loosely with 
soft cotton, as a hem makes a: 
nee which is likely to hurt, 
is not advi.able. 

The next diagrams show the 





revised editions of baby garb, by the aid of which 
he can be dressed in five minutes, or less, without 
any twisting or turning at all. 
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Fig. 2 shows the few and simple garments 
required by the ‘New Baby.” The binder, 
consisting of two strips of flannel {c), the innet 
one longer than the outer ; the little woolly vest 
and the revised long flannel (a). This is cut with 
armholes and sleeves extending to the shoulders, 
obviating the tightness of 
the usual shape, and avoid- | 
ing the objectionable prac- 
tice of bending back the 
infant’s arm, which is neces- 
sary with the round arm 
opening. The same pattern 
will do equally well for the | 
small nightgown, for which | 
the sleeves will be a little 
fuller, and a little orna- 
mentation added. according | 
to taste, either by feather | 
stitching, lace, or em- | 
broidery. | 

The long sleeves make a | 
flanne! vest or barrow coat | 
unnecessary, whilst the skirt | 
portion, being buttoned to 
the bodice, makes a fre- 
quent change possible with- 
out undressing the baby. | 

The httle pilchkin is an | 
addition which mothers and 
nurses will appreciate, its 
object being to prevent the towels slipping 
off. It is made either of flannel or bath towel- 
ling, and is merely a long, narrow strip of 
the material tapering off to a pomt at one 
end, the broad end being secured by a button 
or safety-pin to the back of the long flannel, 
the point being brought up and fastened 
in front, either to the long flannel or the binder. 

Pig. 2(b) shows a 
Princess day or 
night gown, as the 
pattern will do for 
either. It could be 
made of dainty |e 
woollen or cotton jiu, 
goods, as preferred. |i - 
This shape fastens 
over at the left side, 
the back being plain 
and seamless. 

Fig. 2 (d) shows 
another shape of | 
nightdress of most 
delightful sim- | 
plicity. Itcan be cut | 
ali m one piece, or to 
fasten at the side, | 
and for the vaccina- 
tion period will be 
found mvaluable. 

In Fig. 8 we have the ideal baby garments, 
known asthe Alién-, but as they are registered, the 
patterns can only be obtained from the inventor. 

Inthese, as in the others just mentioned, a saad 
can be dressed in from three to five minutes, eac 

rment bemg placed in its proper position, and 
the baby last, when they are fastened as shown, 
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8. TRANSPARENT YOKE 


dae oF pag deeper , without once movi 
the child. The croc hd will be seen, yauon 
down the side of the arm. (a) shows the binder ; 
(b) the set ready for putting on; (c) the night- 
drese ; (d) the ear cap to prevent prominent ears. 
The “ softie” pilch belonging to this set. and 
brought out by the same 
I lady, is the moat comfort- 
1 able thing ever invented for 
a baby’s underwear, and 
aj should be in every baby 
ma) wardrobe. 

| Fig. 4 illustrates some 
| other garments necessary 
a1 to the baby’s comfort: 
1 (e) shows a square kimono ; 
| (d) a circular one; and 
(b) a tea jacket or outdoor 
| coat. The two first should 
| be of woollen material, 
i whilet the last one may be 
more elaborate. 

Fig. 4(a) shows the cloak, 
which, it will be noticed, is 
cut with sleeves, and is of 
j ample fulness. (c) illus- 
trates a hood cut all in one, 
the shaping being done by 
means of darts. This can 
be fastened to the cloak and 
all be put on together. A 
knitted woollen hood or hat, however, is equally 
warm and comfortable. The cloak can be of 
cashmere, Oriental satin, or Bengaline interlined 
with domette; the lower cloak should be lined 
with nuns’ veiling, and the upper ones with silk. 

The Making of the Garments. The 
actual making of baby garments is simple, 
but the workmanship should be of the finest 
and best, whether 
it is done by hand 
or machine. 

For the sleeves of 
flannel garmenta it 
is far better, for ob- 
"| vious reasons, that 
haw they should not be 

| sct into a band, but 

‘| drawn up by ribbon 
‘| run through fancy 
stitches worked 
outside. Fig. & 
shows three ways of 
accomplishing this. 
The third marely 
consists of perpen- 
dicular button- 
holes, and makes a 
littl more work 
than the two upper 
: ones. It is espe- 
cially suited to the head-flannel shown in Fig. 1. 

Insertions should always be transparent, 
whether for bodice, cuffs, or lower part of skirt. 
Fig. 6 shows a pp: arr yoke of cambrie 
insertion and lace, the method of finishing 
off at neck and lower edge. 

Continued 
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Resonance Centnae! trams pige 


By Professor SILVANUS P. THOMPSON 


OSCILLATION, in its mechanical sense, is the 
name given to a repeated to-and-fro move- 
ment like that of a pendulum or a vibrating spring, 
or to the movement of a shuttle in the loom. 
If a pail full of water be set down upon the ground 
with a jerk, the water in it oscillates from side 
to side of the pail, the movement gradually 
subsiding till the water comes to rest. Elec- 
tricity, too, can oscillate, as we shall sec; and 
electricity in oscillation possesses certain pecu- 
liarities which are different from those of elec- 
tricity at rest, or of electricity flowing steadily. 
Mechanical Oscillations. The most 
obvious type of natural oscillations is furnished 
by a pendulum, consisting of a weight hung on 
the end of a thin string which, if drawn on one 
side and released continues to swing with periodic 
regularity. Another simple cxample is that 
of a loaded spring. If we take a long, thin 
strip of steel, such as is used for clock springs, 
or for busk steels, and fix a bit of lead at one 
end of it, and clamp the other end in a vice, 
then if we give it a push on onc side it will 
immediately be set swinging, oscillating from 
side to side until it comes to rest. Some people 
would describe these to-and-fro movements of 
the pendulum or of the spring as vtbratwns ; 
others would describe them as oscillat ons. 
It matters little what name we give to them 
provided we understand why they occur. 
Forces of Restitution. The first thing 
to understand is that oscillations never occur 
unless there are forces that tend to restitu- 
tion, That is to say, there must be present 
forces which tend to bring back the oxscillating 
body, whether pendulum or 
spring, to its initial position. 
Everyone knows that a spring, 
when bent, will fly back, having 
forces of recoil. The more one 
bends it, the greater is the 
force of ita recoil, If one 
bends it to the right it tends 
to fly back toward the left. 
If one bends it to the left, it 
tends to fly back toward the 
right. Let 225 represent a 
piece of stiff steel spring held 
upright in a vice, and 
having a lump of Jead 
screwed tightly to its 
top. When at rest it 
stands upright, with its 
top at A. Suppose 
that we now exert a 
forco sideways tending 
to bend it to B. The amount of force needed 
will depend on the stiffness of the spring and 
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on the amount of the displacement or distance 
from A to B. Suppose the spring were so stiff 
that a force equal to the weight of an ounce, 
when applied at the top, would push at aside 
by 1 in., then to push it aside 2 in., to C, would 
require a force cqual to the weight of two ounces. 
When pushed aside to B the foree tending to 
restitution would be one ounce; when pushed 
aside to C the force tending to restitution would 
be doubled. This is in accordance with the 
simple law of  clasticity, 
that the force tending to 
restitution is proportional 
to the displacement. 

A similar law governs 
the movement ot the pen- 
dulum. Let 226 represent 
a simple ball of lead hung 
by a thread from a hook. 
If one sets it swinging, the 
f ball swings along the arc of 
! a circle; it swings to and 
fro along a curved incline, 
being constrained to keep in 
that path because it is tied 
to the hook as a centre of 
motion. Let its position of rest be called A. 
Then by applving a side-way torce one can 
displace it to B. But if pushed to B and 
released it will not stay at B. It immediately 
moves back avain to A. The torce tending to 
restitution in this case is not elasticity. but 
gravity. The earth pulls it downwards; but 
as it 18 constrained to move along the curved 
path only a certain resolved part (depending 
on the steepness of the incline at B) acts as a 
force urging it back toward A. If we give it 
a displacement twice as great, to C, it experiences 
a force of restitution almost exactly twice as 
great as it did at B, because the steepness of 
the incline at C is almost exactly double the 
steepness of the incline at B. So here again 
we find that the force of restitution at any 
point along its path is (approximately) pro- 
portional to the diggiacerient 

Inertia. But everyone knows that the 
pendulum, when displaced aside from A to B 
or to C and then released, when it returns to 
A does not stop there but swings on heyond tw 
almost an equal distance on the other side, 
and then comes back again. Why should the 
pendulum swing thus’ If the forces of restitu- 
tion are zero at A, why does the pendulum, on 
returning from B, swing on past A? The 
answer is undoubtedly to be found in the 
property called inertia. Every mass, whether 
of lead or any other material, when it has been 
set into motion, tends to go on moving. Every 
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moving mass, as explained on page 290, possesses 
energy of motion, also called kinetic energy. 
When the pendulum bob was pushed aside it 
moved a little up the incline, and in doing this 
work some energy was spent upon it. That 
energy thus given to it, it transforms, as it 
descends the incline, into energy of motion, 
which energy is still in it as it flies through the 
point A ; and it expends this energy by climbing 
up the inclined curve on the other side to an 
equal height. As it comes down again, it again 
gets up speed, which will again, because of its 
inertia, 3arry it up once more to Bor C. And 
so it oscillates backward and forward, the 
energy given to it during the first displacement 
being transformed into kinetic energy as it comes 
down, and retransformed into potential energy 
as it goes up the curve. 

It is similar with the loaded spring. In 
bending the spring, we give it potential energy 
[see page 289], which, during the recoil, is 
transformed into kinetic energy, the power 
of the spring being employed in putting the 
leaden mass into motion; and the inertia of 
the moving mass carries it back past the point 
A, and it flies over to the other side, rctrans- 
forming the energy of motion into the potential 
energy of the bent spring. 

Neceasary Conditions for Oscil- 
lation. We sec, then, that the necessary con- 
ditions for mechanical oscillation are two in 
number: there must be (a) forces tending to 
restitution; and (b) inertia. Further than 
this, a very few experiments will convince us 
that the frequency of the oscillations depends 
on both these things. For, consider the spring 
[225] already described. It has a certain stiffness, 
and it is loaded with a certain mass. If we make 
it stiffer (by shortening it, or by substituting a 
thicker piece of steel of the same length and 
quality), it will recoil more quickly, and the 
frequency of the springs will be increased. If 
we make it weaker (by lengthening it, or by 
substituting a thinner spring of the same length), 
it will oscillate with slower swings. Or, again, 
if, keeping the stiffness unaltered, we load the 
spring with a heavier mass it will swing more 
slowly, and the frequency of the oscillations will 
be raueed: . The oxact rule governing the matter 
is that the square of the frequency is dtrectly pro- 
portional to the stiffness of the spring and inversely 
proportional to the mass. 

Decay of Oscillations. Any vibrating 
spring or pendulum will gradually come to rest, 
the amplitude of the oscillations gradually 
decreasing until the motion dies out. This is 
because of friction. There is friction at the 
point of suspension, if the pendulum rocks about 
& point, or in the cord if it has to bend where 
it is tied up. There is internal friction in the 
bending part of thespring. Also both the pendu- 
lum and the vibrating spring stir up the air in 
their movement, and waste a fraction of their 
energy in fluid friction at each swing, so that at 
each recurrence of movement the amplitude 
of the swing is a little smaller than it was at the 

vious swing; and this waste of energy by 
friction, however slight, will gradually cause 
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the motion to decay and the oscillations to die 
away. The time taken for the amplitude to die 
down. to half of its initial value may be regarded 
as a measure of the rate of decay. If theswinging 
part presents a large surface to the air, it sete 
up much air friction, and the oscillations will 
be quickly damped out. 

Production of Electric Oscilla- 
tions. Now, what is true about mechanical 
oscillations is true—by physical analogy—of 
electric oscillations. In order that electricity 
should oscillate at all, the system must fulfil 
two conditions: There must be (a) electric 
forces tending to restitution ; and (6b) something 
acting as electric inertia. We must inquire 
what these things can be. 

In the last article [page 3579] we saw that 
when a condenser is charged it tends to discharge 
itself. While an electric current is being forced 
into it its potential rises, and the greater 
the charge given to it the more powerfully 
does it react, tending to drive the charge out 
again. In fact, the layer of dielectric in a 
condenser, whether glass, mica, or air, acts 
as if it possessed electric elasticity. The larger 
the area of its coated surface, and the less 
its thickness, the more easily is it charged. 
The thicker the dielectric and the smaller the 
area, the more stiffly does it react. The forces 
of restitution which it offers to the operation of 
charging are inversely proportional to its 
capacity, and directly proportional to the 
charge that is in it, and they are electromotive 
forces, not mechanical forces. 

Further, it was pointed out on page 1362 that 
whenever a current has to flow round a coil or 
spiral so that it does some magnetising there is 
a reaction due to the interlinkage with the 
magnetic lines. This reaction manifests itself 
during the time when the current is growing 
by causing the current to grow more slowly—in 
other words, by producing a lag. It has another 
effect on a current that is dying—namely, that 
it opposes the diminution of the current, and 
keops it flowing even after the electromotive 
force has ceas This reaction, caused by the 
magnetism of the circuit itself, is termed self- 
induction, and it is purely conservative. It 
opposes all change. When the current is growing, 
it opposes growth ; when the current is decreasing, 
it tends to keep it up. The effect, then, of 
the presence of self-induction in a circuit upon 
the flow of the current is exactly analogous tu 
tho presence of inertia in mechanical systems. 
Judging, then, by analogy, we should expect 
electric oscillations to arise in an electric circuit 
if that circuit fulfilled the condition of containing 
(a) @ condenser, and (b) a magnetising coil. In 
other words, there must be in the electric system 
both capacity and self-induction. 

Oscillating Electric Sparks. Suppose 
that we take a condenser, 
consisting, as described in the 
last article, of glass plates, 
between sheets of tin foil, 
and join it up in a circuit 
along with a self-induction 
coil. Fig. 227 represents such 
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a circuit, K being the condenser, and L a self- 
induction coil made of a number of turns 
of insulated copper wire wound on a suitable 
wooden frame as a bobbin. Such a circuit is 
suitable for electric oscillations, and the fre- 
quency of them can be calculated if the capacity 
and self-induction are known. The formula is: 
f= 1+ (2nx J/KL); 

where / is the number of oscillations per second, 
K the capacity in farads, and L the self-induction 
in henrtes. Thus, if the capacity be 10 micro- 
farads (that is, yoq¢oaq Of & farad), and the self- 
induction is 5 henry, the frequency will be 
1,591 oscillations per second. 

But although such a circuit may he adapted 
for electric oscillations, and have in this scnse @ 
frequency of its own, the difficulty will be to 
set up any oscillations in it. For many years it 
was not known how to set up such oscillations. 
What is wanted is some electric operation that 
will correspond to the operation, in the mechani- 
cal analogy of the loaded spring, of producing a 
displacement and then letting 
it go. For this purpose the 
circuit must be provided with 
& gap, as shown in 228. The 
wires at the two sides of the 
gap should be furnished with 
brightly-polished metal balls 

\ set about } in. apart, and 
connections should be made as shown to some 
suitable high voltage source such as an influence 
machine or an induction coil capable of giving 
sparks. Then what happens is this: The current 
running in from the source charges the condenser, 
and gradually raises the difference of potentials 
between the two balls until the air insulation 
hetween them breaks down and a spark occurs 
at the gap. This spark will be noticed to he 
bright and noisy. It really consists of a whole 
series Of sparks oscillating rapidly to and fro. 

Nature of Oscillating Sparks. Half 
a century ago Lord Kelvin predicted from 
mathematical considerations that the dicharge 
of a Leyden jar through a wire coil would be 
oscillatory. Some years later Feddersen proved 
it to be so by observing the spark in a revolving 
mirror, when it was found to consist of a number 
of separate sparks that rushed in rapid succession 
across the gap in alternate directions. The 
necessity of the gap was pointed out in 1875 
by the present writer. The explanation of the 
oscillations is as follows: As the condenser is 
more and more charged, its electric elasticity 
tends to drive the charge back more and more, 
until the moment comes that the insulation 
at the gap breaks down. Then comes a sudden 
surging of electricity out of the positive coating 
of the condenser, rushing along the circuit across 
the gap and into the negative coating of the 
condenser. But because of the self-induction 
of the circuit this rush of electricity goes on after 
the condenser is empty, and in so rushing on 
charges it up the other way. Then comes 
a rush back across the gap in the converse 
direction, and so backwards and forwards. 
The nature of an electric oscillation may be 
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indicated graphically by the diagram 2292, in 
which the horizontal distance represents time, 
and the vertical 
distances the 
charge, positive 
or negative. The 
whole series of 
surgings begins 
with a sudden 
rush, followed by 
the subsequent , 
alternations at a 
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regular fre- 
quency. But 999 
each rush is 


feebler than the preceding one, and they die out, 
just as mechanical vibrations do. If the circuit 
offers a high resistance—as, for example, is the 
case when a wet pack-thread is introduced into it 
—the train of oscillations will be rapidly damped 
out. Also, if the arrangement that acts as con- 
denser has much exposed surface, some of the 
energy of the moving clectricity may escaps as 
electric waves (as will be explained in the next 
article), and then also each train of oscillations 
will consist of but a few members, as 2209. If 
there is no appreciable resistance, and no appre- 
ciable radiation of energy in waves, the oscilla- 
tions may be persistent, cach train consisting of 
some thousands or even hundreds of thousands of 
successive oscillations. Fig. 229¢ shows a more 
persistent train of oscillations than either a or 6. 

Resonance. If two circuits be constructed 
as to capacity and sclf-induction so that they 
have the same natural frequency, they are 
capable of resonating one to the other—that. is, 
if electric oscillations are set up in one of them, 
it can induce oscillations in the other. Sir Oliver 
Lodge has shown some exceedingly beautiful 
experiments on this plan with two circuits, 
which were tuned—that is, brought into syntony 
with one anothur. Let K, and L, [280] represent 


of 





280 
a capacity and a self-induction coil of a circuit 
having o spark-gap at A, connected with wires 
to a suitable charging source such as an influence 


machine. Let the second circuit be arranged 
with capacity K., and self-induction coil L,, and a 
spark gap B. The two must be tuned by alterin 
either K, or 1, until the condition is attain 
that K, x L, - K, x L,. Also, the two sclf- 
induction coils must be put near cach other so that 
they can act inductively (like primary and secon- 
dary of a transformer) on one another. Then, 
whenever a spark is made at A in the one circuit 
a spark will occur also at B in the other circuit. 
But if the timing be spoiled by having L, either 
too great or too small, then there will be no 
sparks at B. Sir Oliver Lodge showed this 
experiment with two Leyden jars and two 
simple semicircular arcs of wire. 
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TRAMWAY CONSTRUCTION 


Bed, Rails, Rail Joints, Cross- 
Tramway Construction Costs 





By R. W. WESTERN 


THE distinction between a tramway and a 

railway is hard to define. The word tram 
first appeared in the engineering world as the 
name given to a sort of waggon used for coals, 
and a tramway was a way for such a waggon. 
Historically, tramways camo first, and tho 
railway is, in fact, a development from the 
tramway. 

The Frat tramways were rails of timber laid 
from various collicries to the nearest wharf 
exactly straight and parallel. As the wood was 
quickly worn by the rough traffic, wooden rails 
were nailed on the top of the others, and 
could be easily detached and renewed as required. 
Then wrought-iron laths were introduced for 
the like purpose, but without much advantage 
to economy on account of the high cost of the 
metal. 


The First Tramway. In 1767, from 


some adventitious circumstances, the price of 
pig iron became very low, and the Coalbrook- 
dale Iron Company, in order to keep their 
furnaces in, thought it would be the best 
means of stocking their pigs to lay them on the 
wooden rails, as this would help to py interest, 

if the price 


by reducing repairs of the rails, an 
of pig iron 

rose, the pigs |; 
could be taken 
up and used 
as cast iron 
This is a good 
illustration of 
how the deve- 








surface of an ordinary road, so that other and 
unadapted vehicles can move freely over it and 
across it. In the United States of America, 
however, the last of these is more commonly 
described asa street ratlway, in many respects o 
preferable term. 

A tramway will generally, therefore, differ from 
& railway mainly in the following respecte— 
lighter loads, slower speeds, more frequent 
service, sharper curves, and steeper gradients. 
All these have modifying effecta upon construc- 
tion. 

Street Railways. The design of these 
must provide that the special rolling stock will 
be confined to the rails, while all other vehicles 
are free to move on and off. An infinity of de- 
vices have been proposed and tried to effect this 
object economically. By process of survival of 
the fittest, the form of rail shown in 73 is now 
most generally used, together with wheels having 
flanges on the inside as described for rolling 
stock of railways. 

Unsettied Ground. In cases where a 
tramway must be laid upon ground which 
cannot be reled upon to sustain the traffic 
permanently, it is best to adopt the sleeper con- 
struction, as 
_ for an ordi- 

' nary railway. 
-- ‘Then, when 
w and as the 
+ settlement 
! 
{ 


proceeds, the 
paving of the 


lopment of the road may be 
construction of ; taken up and 
ways of com- 71. oon OF TRAMW AY SURFACE AND RAIL the level of the 
munication is governed by the relative cost of rails raised by packing more ballast beneath the 


materials. 

With the invention of the steam locomotive, 
which required a road to itself, tramways almost 
disappeared from this country. They were no 
longer wanted for the collieries, and on the 
ordinary roads the public would not have them. 

In America, however, where ordinary vehicular 
traffic was but meagrely developed, tramways 
grew up freely, and underwent many modifica- 
tions and improvements as the use of iron and 
steel increased. They were introduced into 
English cities by an American engineer, Mr. G. F. 
Train, during the ‘sixties, in spite of great 
opposition. 
ible! ia a Tramway » hight now used, 

e word tramway may mean a light, tem 
railroad used by contractors for vans 
purposes; @ permanent railroad of narrow 
gauge within the precincts of a factory or 
colliery; or a railway laid level with the 
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Usual Construction. Under ordinary 
circumstances, the rails are laid upon a bed of 
concrete about 6 in. thick, more or less, as con- 
ditions require [71], The photographic repro- 
duction [72] illustrates a tramway line under 
construction. It must be seen, however, that 
the concrete itself rests on a solid, compacted 
foundation, so that it shall not be subjected 
to irregular cross strains sufficient to cause 
cracks. The concrete may be fortified by 
introducing iron rods into the lower layers 
while it is being putin. Such rods may be } in. 
or § in. in diameter, and laid both longitudinally 
im the direction of the rails and transversely 
to them. In this connection the articles on 
reinforced concrete [pages 1554 and 1643] should 
be consulted. 

This rigid method of construction is very 
suitable to the streets of towns, but, as readers 


of the foregoing will readily appreciate, it is 
nossible only on account of the comparatively 
light loads and slow speeds to which the tram- 
lines are liable. And already in cities where the 
speed and weight of the tramcars are more than 
the average, its disadvantages are becoming 
apparent. It suffers much from the hammering 
effect of the wheels, and immediately any part 
is loosened, the hammering or pounding becomes 
aggravated at that place, rapidly causing destruc- 
tion of the part. The introduction of wood 
between the rails and the concrete is therefore 
desirable where heavy traffic is anticipated in 
order to provide sufficient “give” to absorb 
the shocks. 

The concrete may consist of four parts broken 
stone, two parts sand, and one part cement. 
The chief advantage of concrete beneath a streot 
i3that aunifo. 4 rofile is more easily maintained 
upon the surfac?, which assists drainage and has 
the good appearance which the public demand. 


Laying the Rails. The setting of the 
rails upon the concrete may be done in several 
ways. After 
the concrete is 
set ait will 
ulways be 
found that the 
surface is not 
true enough 
toenable a rail 
to be simply 
placed upon it. 
The concrete 
may therefore 
be Jaid within 
a short dis- 
tance of the 
level of the 
buse of the 
rail and the in- 
termediate 
Kpace—say an 
inch — made 
good by blocks 
or wedges. 
Then, when 
the rai] is in 
position, the 
space may be 
complete! 
filled in wit 
fine concrete. 
In places 
where the con- 
crete is unduly 
high this is not 


always easily Pe eee 
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done, and then 
there remains 
but a thin, imperfect layer of cement, very 
liable to crumble under the traffic. 

Granite chips are sometimes introduced to fill 
the space, or the rails may be placed first in their 
correct positions, and held by temporary supports, 
while the concrete is put in beneath them and 
carried up over the base of the rail, so as to 
include it. To effect this the concrete must be 
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rather wet, and care muat be taken that it is well 
worked in beneath the rail and smoothed off 
before it sets. If wood be used as a cushion 
beneath the rail, the laying of the concrete is 
done in the same way, except that it is seldom 
carried above the level of the bottom of the 
wood, The wood is commonly made 7 in. wide 
and 4 in. deep, and should, of course, be tho- 
roughly creosoted. One of the objections to 
concrete benoath the rails is the time required 
for it to set ; this greatly interferes with rapid 
completion of the work, since it would be its 
destruction to allow traffic to begm until the 
cement had hardened. There is, consequently, 
a great temptation to use very quick-setting 
cementa for this work, whereas the cements that. 
show the greatest durability are slow setting 
cements. 

The gauge in a tramway of this kind is not so 
easily defined as on a railway, on account of 
the wheel flanges running in a groove. To take 
rolling stock as made for a railway of the same 
gauge, the distance from the outside edge of 
one groove to 


the outside 
edge of the 
other should 


be half an inch 
less than the 
railway gauge, 
and the groove 
rather larger 
than it is 
ordinarily per- 
mitted to he 
made for tram- 
ways. She 
gauge Is main- 
tained by tic- 
bars, placed at, 
intervals of 
6 ft. or more 
between — the 
rails. See the 
half section in 
71. 
Rail Jointe. 
The joints of 
the rails are 
even more 
trouble- 
some upon a 
: = tramway than 
ee ae on an ordinary 
railroad, since 
they are 
covered = up 
inacces- 
sible, except at 
the cost of 
taking up the roadway. Sometimes boxes are 
ee alongside to enable them to be got at, 
ut unless the boxes are large enough to enable 
the whole of the joint to be examined, and the 
bara to be removed and replaced, they are not 
of much benefit. 
When a joint becomes Joose, dirt and grit 
work in between the parts and prevent any 
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efficient tightening up, so that the parts must be 
taken out and cleaned before being tightened. 

The rail joints of a tramway may be examined 
by placing on the top of the rail, over the joint, 
a straight 5 ft. long. If a depression of 
as much as y; in. appear at the joint, it must 
be seen to. 

Another system, that does not necessarily 
exclude the above, is to overhaul thoroughly all 
joints at regular intervals—say, once a 
year. 

One advantage of having the rails 
hemmed in on both sides by blocks of 
wood or granite setts, is that the diffi- 
culty of making good joints is not 
complicated by the necessity of allowing 
for the expansion due to temperature. 
Since the track cannot move sideways, 
the only effect of expansion or contrac- 
tion is to produce stresses of ten- 


ee 


by means of a hooked end iron hanging there 
for the purpose. The actual point in the frogs 
and other parts liable to special wear are 
usually composed of specially ened metal, 
and the groove may here be made more shallow, 
so that the wheels roll on their flanges while 
passing the gap, and thus diminish the bump, 
which cannot be entirely avoided. 

Resistance. When the groove of the rail 
becomes choked with dirt and stones, 
the wheel flanges grind upon it, and 
this effect, together with the friction 
on the sides of the flanges, causes the 
resistance to traction on such tram- 
ways to be double that on an ordinary 
line of railway. 

Paving. The paving of the road 
between the tram-lines, and on each 
side of the rails, is a gatter of great 

importance to the proper main- 


sion or compression in the rails C”” mn. > tenance of the way. Wood paving 


themselves, which they are well 
able to sustain. 

Continuous Rails. The rails may there- 
fore be made continuous by welding each one 
on to the next, so that there are really no 
joints at all. The welds may be effected by 
means of cast-iron, by electricity, or by thermit. 
The first requires a miniature blast furnace to 
produce the cast iron, the second a formidable 
electric apparatus, but for the third only a 
few pounds of mixed ferric oxide and finely- 
divided aluminium is wanted. This, on ignition, 
supplies a quantity of superheated molten 
iron, and by means of this a very intimate union 
is effected between the two rails. The chief 
drawback rests in the possibility of failure. 
Bad workmanship on an ordinary joint may be 
rectified without much trouble, but if a weld 
fail, the ends of two rails are ruined. The heat 
involved in a weld is so great that time must be 
allowed, before proceeding too far, for cooling to 
take place, with its accompanyi n Sigiesede arr 
of the rail. This somewhat limite the speed with 
which a tram-line can be laid with welded joints. 

roiet and ene The curves and 
angles being necessa arper upon a street 
suileay than upon an ordin railway, the 
points and crossings cannot be straight; they 
must in all cases be specially constructed to 
the angle and to the degree of curvature to be 
laid out in tho place they are to occupy. This 
special construction takes time, and all , ete., 
that must be specially made, should be ordered 
from the manufacturers as early as possible, 
since the completion of the work is ily . 
delayed until they are delivered and put down. 

ether for facing points or trailing points, 
a single tongue is sufficient, and most commonly 
used. Its use obviates the need of a pointsman, 
except in times of very heavy traffic. 

On less frequented roads, the motorman stops 
just over the point as he comes up to it, and, 
leaning over the dashboard, can alter its position 
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is often insisted upon, and there 
is danyer that the swelling of the 
wood between two rails after prolonged rain 
should destroy the gauge by bending the 
rails or tilting them. en wood paving is 
used, it is therefore necessary to have sub- 
stantial tics, placed closer together than would 
otherwise be necessary. e wood blocks 
will then sometimes arch themselves between 
the rails, causing a hollow beneath, while the 
swelling laste. For facility in making repairs, 
asphalt is to be preferred as a paving material ; 
it is also to be preferred for hygienic reasons, 
giving less access to unwholesome organisms. 
But for durability and economy, hard woods 
give better results than asphalt, and a safer 
footing for the horse traffic. Granite setts aro 
not tolerated in most towns on account of 
the noise made by the traffic over them. 
They form, however, one of the best defences 
to that most troublesome form of wear which 
is occasioned by the tendency of the other 
vehicular traffic to run close to the tram- 
rails. 

The tram rails themselves form a track of 
least resistance, at which the horse traffic seems 
to aim by getting at least one wheel on a tram- 
rail. Even if this be successful, unless the gauge 
of the vehicle is the same as that of the tram- 
line, the other wheel will be just off; and usually 
both wheels are running off and un all the time, 
causing excessive wear to the road in the 
neigh of the rails, which is unduly 
expensive to make good. 

Tramway Coeta. The cost of laying a 
street railway will be approximately £4,500 to 
£5,500 per mile of single line. Of this, the rails 
and fastenings will account for 20 to 22 per 
cent. ; special work in points and crossings, etc., 
9 to 10 per cent. ; ballast, sand, and materials 
for conorete, 13 to 15 per cent. ; paving material, 
29 to 32 per cent. ; labour, 15 or 16 per cent., 
the remainder being miscellaneous. 
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[N the working of timber in the shop, there is 
usually some preliminary marking out neces- 
mary and then the first tool used is the saw, 
including in the term every kind, both machine 
and hand saws. The saw is by far the most 
important of all woodworking tools, and its 
value increases rather than diminishes, notwith- 
standing the great varioty in modern tools. 

Workshop Economy. Careful workmen, 
no matter what class of work they may be 
doing, always try to avoid waste of material. 
In cutting up timber some amount of waste 
is inevitable, but this may be needlessly increased 
by want of forethought in selecting and marking 
out. Small pieces, for instance, should not be 
cut from boards if it be possible to get them 
economically out of other small pieces—the 
odds and ends left over from previous sawing. 
The aim should be to have these scraps left over 
in as few pieces, and as large as possible, so that 
they may be utilised for other purposes. 

In cases where the shrinkage of timber would 
be very objectionable, the marking and sawing 
out of material should be donc as long as possible 
previous to planing or otherwise finishing 
individual pieces to exact dimensions. If pieces 
are finished to dimensions immediately after 
being sawn, and are then allowed to stand 
while other parts are being got out, or even if they 
go into placc immediately, they will shrink or 
become distorted to a greater extent than if 
the freshly-sawn pieces were allowed to stand 
for a few days to shrink and spring as much as 
possible before their final reduction to size. 

Sawa. In well-equipped shops there are 
always band and circular saws, but we do not 
propose to discuss them here. They are dealt 
with in the section on Woodworking Machinery. 
The various saws for use by hand are always 
employed, more or less, in those shops where 
there are machine saws also, because it is often 
inconvenient or impossible to carry the work 
in progress to a machine, and in many cases it 
is not worth while. In the majority of instances, 
also, the first cut to be made is taken acrose a 
board or plank, and as a rule this can be done 
only with a hand saw, or a two-handled cross- 
cut for thick planks and squared timbers, or 
with a circular saw at the end of a swing arm. 
The last-mentioned is used only for cross- 
cutting large pieces of timber, and consequently 
is kept only in shops where very large amounts 
of haterial have to be dealt with, but even 
then the ordinary hand saw is not dispensed 


with entirely. 4 
best 


The tenon, dovetail, panel, bow, and 
saws also have their uses even in the 
machine-equipped shops, notwithstanding that 


the larger saws, such as the two-handled cross- 
cut, the pit saw, the rip, and half-rip, have all 
been reduced in importance by the increasing 
use of machine saws, and by the greater variety 
of sizes in which timber is supplied from the 
mills, thus lessening the amount of heavy sawing 
which the consumer has to do. The two- 
handled cross-cut is still very useful in the same 
way that the hand saw is, except that it is 
employed for a heavic1 class of work ; and most 
carpenters possess a half-rip saw for ripping with 
the grain. The rip and pit saws may be regarded 
as almost obsolete. 

Saw Teeth. Saws vary in general form, 
and in the shape and size of their teeth, accord- 
ing to the kind of work for which they are 
intended. As uw general rule, for large work, 
large types of saws with large teeth are required, 
and for small work the reverse. The teeth angles 
vary according to whether the saw is intended for 
cross-cutting or ripping, or for hard or soft wood. 
Figs. 77, 78, and 79 show the angles of ordinary 
teeth. Saws for ripping [78] have more hook o1 
forward rake than those for cross-cutting. The 
amount of sef, or extent to which the teeth are 
bent slightly to each side alternately, varies, for 
the same reasons, from nothing to a considerable 
amount. Saw blades arc always made as thin 
as possible consistent with strength. This is 
because the Jess material the saw removes the 
more easily ¢ does its work. 

The Hand Saw. § The ordinary hand saw, 
although it is the largest one in common use, 
ix the most necessary to wood workers. It 1s 
intended chiefly for cross-cutting, but is used for 
ripping also, unless a half-rip be available. In 
a shop where there is a machine saw of any kind, 
only small amounts of ripping are ever required 
by hand. The usual length of the hand saw is 
26 in., with five or six teeth to the inch, often 
slightly diminishing in size and consequently in- 
creasing in number towards the point or farther 
end of the saw. The blade also is generally slightly 
thinner here than at the handle, where more 
strength is required, and the back is thinner than 
the portion where the teeth are, so that the 
blade will pass through the cut with as little 
friction as possible. A good saw blade should 
bend casily, and spring back perfectly straight 
again. The bending should be uniform, indicat- 
ing that there are no inequalities in thickness and 
in temper. No twists or lumps should be visible 
when the surface of the b is viewed edge- 
wise. Neither should there be any local slack or 
strained places in the blade. These, if they arc 
bad, will be visible in the want of truth of the 
surface, but they may be detected more readi 
by a peculiar rattling sound which the blade will 
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emit if shaken. The handle should be securely 
attached. If there be the slightest looseness 
between the blade and handle, it will become 
worse in course of time. 

Setting. The set of a saw is the amount 

to which the teeth are bent sideways, as shown 
in 77 and 86. The purpose of this is to make 
them cut a kerf wider than the thickness of the 
blade, so that the latter will follow easily. The 
maximum amount of set is required in saws 
intended for cross-cutting soft wood, especially 
if the wood be not thoroughly dry, and the 
minimum for ripping hard dry wood. There are 
a number of racthods of imparting this set to the 
tecth, and it is necessary to do it periodically, 
though not every time the saw is sharpened. 
The simplest method is by means of a hand- 
set [80], with the saw held either in a vice or in 
the hand. As it is important that the degree 
of set should be uniform, this method cannot 
be recommended unless there is also an attach- 
ment for stopping the set at a certain point. 
Another simple way is by means of a hammer on 
a bevelled or round-edged block [81 and 88]. 
This also requires some amount of skill in order 
to ensure satisfactory results, though it is the 
one commonly adopted by professional saw 
sharpeners. A more exact method is by means 
of a block and punch [82], four different bevels 
being cut across the block, and the saw set on 
the one best adapted for it. Another, suitable 
for small saws, is to punch them on the end of a 
block of hard wood. There are also a number 
of useful appliances sold, such as 85, that ensure 
precise results. Instead of being set, teeth are 
sometimes swaged or compressed by a suitable 
appliance to an increased thickness near their 
points. 
. Sharpening. Saws are sharpened by filing 
the teeth with a three-cornered file [87]. This 
has the same section as the tooth space, and thus 
files the front of one tooth and the back of the 
preceding ono simultaneously. One, two, or 
three strokes of the file may be necessary to 
remove sufficient material to restore the keenness 
to the tooth point. and to make the entire depth 
of the gulleting of the tooth the same as it was 
originally. Thr file is not held at right angles 
with the blade, ‘but is tilted to praduce acute 
instead of square edges to the teeth. It follows 
the set, therefore, altemieGne with each tooth, 
so that all the teeth that lean to one side have 
acute points at their outer faces on that side, 
and all the others alternating have acute points 
on the other side. This may be seen in the end 
view [86], showing the set. These angles must 
also be uniform; and to simplify the work as 
much as possible, all the alternate teeth are done 
with the file leaning one way, and then the saw 
is turned round in the vice and the reverse teeth 
done. This transverse angle is greatest in saws 
with most set. Where there is no set, the edges 
are generally filed square. 

It is necessary also that the points of the teeth 
should all be level. They are made so by topping 
them with a flat file [84] before sharpening. 
Sharpening is always done with the saw held 
teeth upwards in a long-jawed vice, the teeth 
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projecting only slightly above the jaws. Very 
often a pair of wood jaws, or two strips of 
wood the full length of the saw, are clamped 
within any ordinary bench vice, the saw being 
enclosed between them [84 and 87]. 

Lining Out. Work is marked out by 
various devices. For cutting down boards, a 
chalked line is used [88], which is a strained 
cord held by a man and boy at opposite ends, 
or held at one end by a bradawl and pulled by 
a man at the other. Then, being strained up 
vertically at the centre, and allowed to snap 
back on the stuff, the chalk transferred from 
the line to the timber leaves a perfectly straight 
white mark for cutting by. For marking across 
hoards, the try square and lead pencil are used 
[90]. Pencil lines are sometimes marked paralle] 
with an edge by using the rule and forefingers 
as a gauge [91]. 

Sawing. With the exception of the two- 
handled cross-cut [89], al] the saws cut during the 
forward thrusting stroke, and not when being 
drawn back. In starting a cut, little or no 
pressure is applied, but the saw is moved slightly 
backwards and forwards in very short strokes, 
guided by the thumb of the left hand [98], until 
the teeth have fairly entered the stuff. The full 
stroke is not given until the saw is well into its 
cut, and in no danger of slipping out. Then 
the Jeft hand may be removed and used to steady 
the wood [92], or when that is not necessary, it 
may assist the right in working the saw [94]. Tho 
wood is held in the most convenient position for 
sawing, and means must be taken to balance or 
hold each portion so that it will remain in its rela- 
tive position until the saw is completely through. 
Otherwise, the fall of one or both parts before the 
cut is completed will split the remaining portion 
away. Or if, in sawing across a board, the piece 
be supported near the ends, and is being sawn in 
the middle, the severed portion will tend to close 
and pinch the saw. The “cut” should, if 
possible, be strained slightly open, so that the 
saw will work easily, und in working across grain 
the sawing should finish as lightly as it com- 
mences, because even a slight breaking away of 
the fibres at a corner is often seriously detri- 
mental. 

The most convenient position for sawing boards 
is to lay them on stools or trestles [92, 93, and 
94). This raises them to a convenient height and 
leaves room below for the saw to work through 
them. Occasionally, only one saw stool, or a 
box, or any support about 2 ft. or more in 
height, is used, the board lying at an angle, 
with ite farther end on the ground; but two 
supports, at a suitable distance apart, are best. 
Short pieces of wood are often held in the vice 
[95). but this is suitable only for cutting with the 
grain, or sawing out swéeps. A great deal of 
sawing is done on the bench, either against the 
bench hook [96], against the stop, or against dogs 
driven into the bench, but the tenon or other 
small saws are mostly used for this work. 
Fig. 97 shows sawing against a mitre block. 

Sawing Straight. Considerable practice 
is nec before anyone can saw to a line and 
cut squarely through the wood, the latter being 
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more difficult than the former. A straight line 
often proves more difficult to follow than a 
curved one, because in the latter case a narrow 
saw, the course of which can be instantly changed, 
is used, while if a hand saw inclines away from 
the line it can only be brought back gradually. 
A saw may be following a line, and yet be con- 
siderably to one side of it on the other side of 
the material—that is, the saw is not plumb. 
This is an error that a beginner is certain to 
make, and should pay especial attention to when 
sawing thick stuff. The tendency is generally 
to incline the hand! end of the saw toward the 
side on which the person is standing. By giving 
it what seems a contrary slope, it will then 
generally be found to cut squarely, and after a 
little practice the operator’s eye will tell him 
whether it is cutting square, or inclined to 
either side. Until the eye is sufficiently trained 
to do this, tests may be made, if necessary, with 
a square during the progress of a cut. 


Straightening the Saw. If a saw 
is in the habit of running persistently to one 
side of a line it will generally be found to be 
due to a defect in the saw itself; either that 
the blade is twisted slightly, or the teeth have 
more set on one side than on the other. An 
untrue saw blade, or one in which the tension 
is unequal, is corrected by hammer blows ; 
but if it be hammered clsewhere than in just 
the right places it may be made worse and 
bruised with hammer marks as well. Twists 
and Jumps may be removed by laying the blade 
on a flat block of metal or hard wood, and ham- 
mering them down. Slack and tight places in 
the blade require skilful treatment with u 
hammer. The principle is that tight or strained 
places can be slackened by hammering, which 
spreads the metal in those parts and at the 
same time makes adjoining slack places uniform 
in tension with those which were tight. Places 
that are slack will, if the saw be held horizontally, 
fall, or can be easily pressed into a concavity, 
while the tight surrounding part remains level. 

Planes. The three principal planes used 
by woodworkers are the trying, jack, and smooth- 
tng planes. These are always kept on the 
vice end of the hench, with their fore parts 
resting on @ strip of wood which prevents the 
cutting edges from becoming damaged by 
contact with the bench. These planes and 
their uses have already been described in the 
chapter on tools [page 3385]. They are made 
both in wood and metal, the latter being pre- 
ferable, but as they are more expensive they 
have not yet become so popular as wooden 
planes. 

If the surface of a piece of timber has to be 
made merely smooth, regardless of accuracy, 
the smoothing plane is used, sometimes pre- 
ceded by the jack plane when the surface is 
very rough or irregular. If it has to be planed 
truly—that is, with perfectly flat faces, square 
with each other—one face is first roughed 
down with the jack plane and then finished 
with the trying plane. Next, an edge is planed 
straight und square with the true or trying 
face. Then the gauge is brought into use, and 
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the opposite edge gauged and planed parallel 
with the first. The thickness is now marked 
with a gauge, and the second face reduced 
almost to the gauged lines with the jack plane, 
and finished with the trying planc. The ends 
are then planed square with faces and edges. 
In very long pieces of wood, especially in planing 
long edges, a planc a few inches longer than 
the ordinary trying plane, called a jotnter, 
is sometimes used. Two jack planes are also 
often employed, one for roughing down, and 
one sect more finely for preparing for the trying 
plane. 

The Art of Planing. The shavings 
are removed by grasping the handle with the 
right hand [98 and 99], and pushing the plane 
over the surface in as long strokes as the arm 
can conveniently make. At the end of the stroke 
the plane is raised sufficiently to finish the 
shaving, and the plane 1s then drawn back and 
another cut parallel with the first is taken, or 
a step forward is made and a continuous shaving 
taken. In planing a long edge for a glue joint, 
or in other important work with a trying plane, 
the tool is never raised, but. a continuous shaving 
is cut along the entire length, the plane being 
stopped at the end of one stroke and moved 
carefully on again as the operator walks by 
the side of the board. That, of course, is in 
the finishing cuts. At the commencement 
there is always more to be planed from some 
parts than others. In using the jack plane 
either one or both hands are used according 
to circumstances [98]. In using the trying 
plane both hands are employed on the tool, the 
right grasping and pushing the handle, the 
left bearing on the fore part [99]. The smcoth- 
ing plane is always grasped with both hands 
[100]. Sometimes the trving plane is used on a 
shooting board [101]. The wood is then held 
down by the left hand while the plane 1s slid 
on its side by the right. This is for planing 
edges, the altornative being to screw the wood 
in the vice |102]. 

End Grain. End grain is more trouble- 
some to plane than longitudinal work, and 
it is always best, therefore, in squaring ends, 
to saw almost to the line, or to pare with 
a chisel so that the plane may be used only 
for finishing, and not for removing a quan- 
tity of material as it often is when working 
with the grain. Care must be taken also 
not to let the plane split the edge of the 
wood away at the end of a cut, on end 
grain. Th's may be prevented by bevelling 
the corner off with a chisel, so that the plane 
ceases to cut before the extreme weak is is 
reached. With a little care the plane may then 
be used on the end grain without fear of breaking 
the farther edge away, and if it be necessary to 
plane the bevel out to leave a sharp corner, the 
plane must be turned and used in the opposite 
direction, so that the cutting always com- 
mences at the edge and stops before the cutter 
reaches the opposite edge. For squaring ends 
and cutting end grain, a mechanical trimmer is 
always used in preference to a plane, if possible. 
At the ends of planks, where the wood is often 
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cracked and full of dirt, an inch or so is always 
sawn off and thrown away if the end has to be 
planed. Finishing to length is done on the 
same principle as the reduction in other direc- 
tions, one end being first planed square with 
sides and edges, and then the required length 
marked, and a line squared across, and the 
material beyond this line removed. 

Plane Irons. The irons or cutters of these 
three planes are usually what are known as double 
trons, one, the tron proper, being the cutter; and 
the other, called the back iron, being screwed 
to it in order to stiffen it and lessen the risk 
of its tearing up the grain. In jack planes, 
for coarse work, a single iron only is often 
employed, and in planes other than the three 
types we have been considering, 8 single iron is 
the rule. The back iron is screwed to the 
other about 7; in. or 3, in. back from the 
cutting edge and the double iron is then 
inserted and wedged in the same way as 
single one would be [108]. For adjustment, the 
irons, after they are wedged, are tapped forward, 
or on either side, by a hammer, if the edge be 
out of square with the sole, or, if it project too 
much, the plane is given a blow on the fore 

art. This causes both iron and wedge to move 

ack and consequently become loosened slightly, 
so that a tap on the wedge is then necessary to 
tighten it again. Striking the plane on the 
fore part is also the method adopted for getting 
the iron out to sharpen it [104]. The smoothing 
panes being very short, can Lave its wedge 
oosened more readily by a blow on the back 
[105]. The beginner who is not skilful in 
using a hammer should be as careful as possible 
not to bruise the plane in doing this. In the 
trying and jack planes a good plan is to bore a 
hole about { in. diameter and about 1} in. 
from the end of the planes, and, say, 14 in. 
deep, and to insert a hardwood plug with a 
rounding top standing about % in. above the 
surface, and use this plug to hammer on 
The wedges of moulding and rebate planes are 
generally made of a shape that can be knocked 
back directly [108]. The cutters of iron planes 
of the large class are adjusted, and tightened 
and released, by screws, cams, or levers, so that 
hammers are not used on them. 

Sharpening Plane Irons. Plane irons 
are ground and sharpened in the same way 
as chisels, and to the same angles, but one 
important thing in the grinding and sharpening 
of the irons of the jack and smoothing planes 
which can be disregarded in chisels, is to impart 
a slight curve to the edge, so that when projecting 
below the sole of the plane they will cut a shaving 
slightly thicker in the middle than at the sides. 
At the extreme sides, in fact, the shaving must 
taper to nothing, and the corners of the iron 
must not touch the timber, otherwise they would 
leave unsightly ridges. In the trying plane 
iron, however, which is required for accurate 
work, the cutting edge must be as straight as 
possible consistent with the above-mentioned 
requirement. In the smoothing plone slightly 
more rounding is permissible, and in the jack 
plane, especially if used for very cuarse work, 
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a good deal of convexity, often .4, in. or more, 
is given to the edge, because thick shavings 
can then be cut without difficulty. In a jack 
plane used for ordinary work the middle part 
of the cutting edge should project about ,, in. 
below the sole when the corners are still within. 
Fig. 107 shows how the parts of a double iron 
are screwed and unscrewed when taken out for 
sharpening. Fig. 108 shows how an iron is held 
during grinding. In grinding and sharpening, 
the amount of curve present is tested by restin 
the edge vertically on a flat piece of wood an 
holding it up to the light to see exactly to what 
extent the corners are ground back [108]. A eee 
iron curved the opposite way, or hollow, will not 
work at all, as the shavings will corrugate an 
choke the plane mouth. 

Regarding the angles for grinding and sharpen- 
ing, planes for soft wood may have more acute 
cutting edges than those for hard wood. In 
all cases the angle should be as acute as will 
stand usage for a reasonable time without 
resharpening. The angles range from about 
5 to 25 degrees with the sole of the plane, the 
iron itself being set in the plane at an angle of 
about 50 degrees. The ground or bevelled part 
of the cutter in this class of planes, and with 
only one or two unimportant exceptions in all 
planes, is downward |108]. Fig. 110 shows how 
an iron should be held during sharpening on an 
oilstone, and 111 shows how the burr should be 
rubbed from the face. 

Choking of Shavings. This, as already 
mentioned, may be caused by an’ irregularly 
ground iron in which the corners project too 
much. Jt never occurs in coarse Jack planes 
where the cutting edge is very rounding. It 
may also be caused by a very obtusely-ground 
iron, or byan untrue sole, or, in a few instances, 
in new planes, as a result of trying to plane a 
shaving thicker than will pass through the mouth 
easily. If it be due to the last-mentioned cause, 
the defect soon cures itself, because as the mouth 
wears back it widens, and the iron also is gener- 
ally thicker at the end than further back, and 
so becomes thinner at the mouth as it wears. 
The width of the mouth can casily be increased 
with a chisel or file, but 1t should be touched 
only at the narrowest part. For doing fine 
work # narrow mouth is necessary, and when 
in a wood planc the mouth has greatly increased 
in width curough the wearing back of the sole, 
workmn find it advisable to reduce it again 
by inserting a block of hard wood in the sole in 
front of the iron 

Truing a Plane. The soles of all planes 
should be perfectly true. This is especially 
important in the case of the trying plane, 
which has to plane other surfaces true and has 
a large surface of its‘own which will get out of 
truth more readily than a small one. It is 
necessary therefore occasionally to shoot or plane 
it true. This is always done with the iron and 
wedge in place, but the cutting edge, of course, 
kept within the mouth, so that the body of the 
plane is in ita normal state. The simplest 
and most expeditious way is to pass it over 
a fincly-set jointing or planing machine if one 


be available, but if not, it is screwed in the 
vice, sole upwards, and thin shavings are taken 
off in the ordinary way with another tryi 
plane. The surface has to be carefully tes 
with a straightedge and winding strips to 
ascertain whence to remove shavings. Soles 
are hardened and lubricated by the application 
of linseed or other oil which is allowed to soak 
into the wood. New planes are better, also, 
if they are protected from dirt by two or three 
coats of shellac varnish. 

Testing Pianed Surfaces. An ex- 
perienced man sees a great deal with his eye 
that beginners have to find out by testing 
with instruments, and so the former will make 
a surface approximately true before he begins 
to test ita truth. The degree of accuracy, how- 
ever, must always be verified by instruments in 
all cases where accu- . 
racy is of import- 
ance. The chief instru- 
ments used are 
straightedges, winding 
strips and squares [112- 
114]. Straightedges 
are long strips of 
wood with edges per- 
fectly straight, 80 
that they can be 
used for testing other 
pieces. The piece of 
wood being operated 
on may be tested 
with them lengthwise, 
transversely, and 
across corners {112}. 
When the surface is nearly true, the straight- 
edge is generally chalked, and the chalked edge 
is rubbed across the surface at various points, 
leaving marks of chalk on the high places that 
require planing down. For testing a board 
transversely, the edge of a steel bladed square 
is more convenient than a wood straightedge, 
because, being thin. the light can be scen under 
it where there are hollow places in the surface 
(114]. For testing long pieces lengthwise the 
eye alone is often sufficient, especially if the 
piece be so thin that it bends easily ; but if 
not, a straightedge as long as the piece must be 
used. To test whether there is any twist o1 
wind present on the surface, winding strips 
are employed [118], or if the piece of wood is 
of considerable width, a straightedge may be 
tried across the surface diagonally from torner 
to corner [112]. 

Testing with Winding Strips. = In 

ing with these, the eye is really the judge, 
but the strips exaggerate the amount of twist 
80 much t the eye requires no training 
to see it. Winding strips are simply two 
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parallel straightedges which are placed on edge 
across the piece of wood to be tested, as shown 
in 118. The strips, being considerably longer 
than the width of the wood upon which they are 
placed, follow the inclination of the surface at 
each end and extend beyond the edges, so that 
when a glance of the eye is cast along from one 
end over the top edges of the strips, it is easy to 
see whether they are parallel, or whethcr one 
dips one way and the other the opposite way. 
They are then taken off and shavings are planed 
off the high corners of the surface until the strips 
show that the twist in the surface has been 
removed. 

Planing True. In all pieces of wood that 
have to be accurately planed one of tho surfaces 
must first be mado true by tests of this kind. 
Nearly all boards are more or less curved trans- 
versely, and it is best 
when they have to be 
planed to a definite 
thickness to truc the 
hollow side first, be- 
cause if the edges 
are not planed under 
thickness it will then 
be certain that tho 
middle part will hold 
up; and, because, if 
there is much to be 
planed off, it is best 
to take most off the 
rounding side to cause 
to shrink more 
there and counteract 
the tendency to curve. 
When one surface has been planed true the square 
is used on an edge to get it exactly at right 
angles with the truce surface, and a straightedge 
may be used to find when the edge is straight. 
Then gauges (115, 116, and 117] are used to 
mark fines parallel with these planed surfaces, 
and straightedge tests are no Jonger necessary 
except transversely on the opposite surface, the 
plane working to the gauged lines. In all work 
where planing and cutting with chisels are con- 
cerned, lines are, as a rule, gauged or scribed 
and not pencilled, because a pencil line is not 
accurate enough. Pencil lines are preferred 
for sawing by because they can be more oasily 
seen from a distance and because sawing cither 
eh poses rough work, or work that must 

ave further lines marked afterwards for finishing 
to. In many cases finishing lines are scribed, and 
the saw kept well to one side of them. 

Even if dimensions are unimportant, true 
surfaces and accurate angles arc always cssential 
in fitting work together. They make the chicf 
difference between good work and bad, and arc th: 
main difficulty which the beginner must master. 
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THE GUITAR AND ZITHER 


2B How to Hold the Instruments. 
Positions. Scales. How the Finer Effects are Obtained 


Tuning. Fingering. 


By ALGERNON ROSE 


"THE guitar has six strings, the top three being of 

gut, and the lower three of silk overspun 
with silver wire. According to their thickness 
80 is the quality of the sound affected. The 
smallest gauge makes the tone sharp and 
brilliant, and the largest full and round. 
Medium sizes are best. 

The’ pupil should be seated when playing. 
Place the right foot on a fairly high footstool. 
Rest the hollow, or curve, on the treble side of 
the instrument against the right knee. The 
bass side of the guitar should incline backward so 
as to be supported by the chest. Ladies rest the 
guitar in the lap. Spaniards play as often from 
the left knee as the right. When the instrument 
is played standing, to facilitate change of 
position in fingering, extend a ribbon from the 
peg provided for that purpose to 
the head of the guitar and pass 
this over the right shoulder. Place 
the right arm round the big end 
of the instrument, so as te hold it 
without the assistance of the left 
hand | 1]. 

Dispose the right fingers per- 
pendicularly over the strings. The 
first finger should be over the 
third string, the second finger 
over the second, and the third 
over the first. Elevate and curve 
the wrist. Keep the thumb away 
from the other fingers. They 
will thus be more independent 
when striking a chord. The usual 
place for the right hand is midway 
between the bridge and the 
soundhole When playing ver 
softly, strike the strings immed- 
iately over. the hole. The thumb 
negotiates the three silver strings, 
or bass notes, E, A, D. Occasion- 
ally it is used for the third and second strings, G, 
B. To produce the best tone with the thumb, 
twang from left to right, and stop the next 
string. Avoid “ wagging” the hand up and down. 

Place the left thumb under the neck of the 
guitar between the first and second frets. This 
forms a fulcrum for the other fingers. Brin 
these round gracefully on to the fingerboard. 
right and left, above the thumb. Stop the notes 
not with the flat but with the tips of the fingers, 
firmly, close to the frets. Keep each finger down 
until the full value of a note has been sounded. 

It is important for the student to study the 
course on Harmony [page 363], so as to under- 
stand how chords and a ios, appropriate to 
the guitar, should be built up, for all charm in 
playing vanishes if a wrong harmony is employed. 
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1. POSITION OF PLAYER 


Tuning. The accordatura, or tuning, 18 
simple. Tune the thickest string in unison 
with E (one ledger line below bass clef) on 
the piano. Having done this, place the second 
finger on the fifth fret of the string. Sound the 
note with the right hand and tune the next 
silver string, A, in unison with it. Then stop 
with the same finger the fifth fret of the second 
string, and tune the third to the note given. 
This will be D. Put down the finger on the same 
fret of the newly-tuned string. The note 
sounded will be G. Tune its neighbour in 
unison with it. Remember at this point to 
put the second finger on the fourth (not the 
fifth) fret of the fourth string. The result will 
be B, to which note tune the fifth string. Then 
put the second finger on the fifth fret of B. The 
note sounded will be E. Tune 
the sixth string in unison with it. 
If the right hand now strikes the 
strings one after another, they 
will sound in succession E, A, D, 
G, B, and FE, the first four notes 
having fifths between them, the 
fourth and fifth strings sounding 
an interval of a fourth, and the 
fifth and sixth strings another 
interval of a,fifth. This irregu- 
larity in the intervals between the 
strings enables the guitarist to get 
certain effects usually impossible 
on the violin. 

But noted guitarists have not 
been satisfied with this inequality 
in the intervals. To get further 
effects, they have deliberately 
made the six strings disagree still 
more, in the same way that 
Paganini mistuned his violin in 
order to obtain unusual results 
and puzzle his brother fiddlers. 
A scordatura, as it is called, skilfully employed 
by a good guitarist enables him to get new effects. 
The beginner, however, will carefully tune in the 
orthodox fashion. 

The Positions. Put the first finger on the 
first fret of the D string, and the second, third, 
and fourth fingers on the second, third, and 
fourth frets of the G, B, and D strings. The hand 
is now in the first position. It is in the second 
position, or the third, fourth, fifth, and so on to 
the twelfth, when the first finger is over the 
corresponding fret. In guitar music, 1, 2, 3 or 
4 dots to the left of a note, or immediately under 
it, sometimes guide the player to the position 
for his left hand. An O over a note signifies an 
open string, or one which requires no stepping 
by anv finger. 


~~ 


For the chromatic scale, begin on the lowest 
string, E. Keep the fingers off it. Strike with 
the right thumb. Put the first left finger 
down ly on the first fret. Strike the string. 
This gives F, a semitone above. Put the second 
finger on the second fret. The note produced 
will be Ft Put the third finger on the third fret. 
The sound is G. Now place the little fingor as 
firmly as possible on the fourth fret. This will 
give GZ. Do the same thing again with the 
fifth string. The notes A, Ag, B, C, and C § 
will result. Continue on the fourth atring. 
D, Dg, E, F, and FZ will be obtained. Take 
the third string in the same way. Note that 
the little finger is not used with the third string. 
The sounds will be G, Gg, A, and Ag. Proceed 
to the second string. Again use all the four 
fingers. The effect will be B, C, OF D, and Dg. 
Lastly, go without interruption to the first string. 
Use all four fingers of the left hand. The sounds 
played will be E, F, FZ, G, and G ¢. 

Meanwhile, the left hand fingers used should 
be the first and second alternately—not the 
thumb. The left thumb is never employed to 
stop any of the strings. It is kept underneath 
the neck to enable the four fingers above to 
articulate the notes firmly and gracefully. 

It is not advisable to make a pivot of the little 
finger of the right hand, as beginners are apt to 
do, by resting it on the soundboard. ceep 
the little finger up; this allows the right hand 
to become light and lissom. 

Having ascended the scale, go down the 
lee in the same way. The pupil will now 

ave executed the chromatic scale of *t octaves, 
and have learnt the fingermg of each half note. 

The Natural Scale. By omitting all 
the sharps, but keeping to the same fingering. 
proceed to practise the natural scale When 
this becomes ecayy, vary it by using the first 
instead of the second finger, and the second 
instead of the third, so as to get more tone, 
Wherever (as on the fifth, fourth, and third 
strings) the first finger would otherwise play a 
sharp in the chromatic scale. The hand 1s thus 
shifted temporarily to the second position. 

One of the greatest difficulties in guitar playing 
ia usually regarded as the ability to finger all 
the scales and chords correctly in the diflerent 
positions. Professor Prout, in Vol. 1. of his 
“ Orchestra,” emphasises this But the great 
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guitarist Duverhay points out in his ‘“‘ Method ” 
that if the student studies well the natural scale 
of C major, and learns the fingering carefully, he 
can make the same fingering serve for all the 
other scales and chords by transposition. We 
give below the manner of fingering C. [Ex. 1.] 

Remember always in scale playing, whether 
chromatic or diatonic, that whereas four fingers 
may be necessary for all the strings except the 
third, three suffice for the G, or middle string, 
because it is tuned a fourth below B, whilst all 
the others are in intervals of fifths. 

The Shifts. If the first finger is used for 
the second fret, the hand is what is called in the 
second position, or shift. It is in the third, 
fourth, and so on, up to the fifth position, as the 
first finger stops the apposite fret. 

When the student has made acquaintance with 
these different positions, he will proceed to play- 
ing what is known as barré. Place the first 
tinger of the left hand across the neck of the 
guitar, so as to atop more strings than ono at 
a time. Strike the strings. It will be ob- 
served that those which are stopped are raised 
equally in pitch By this simple device many 
passages in guitar music, which would be other- 
wise difticult to execute, are mado casy. 

The effect known as Grand Barré is so-called 
when the first finger is laid across the finger- 
board and the other three disengaged fingers 
are used to stop the strings as required, five 
or six strings being sounded as an arpeggio or 
chord. Little Barré is obtained by laying the 
first finger across merely a few strings, 40 aX to 
stop a chord from the first to the fourth string. 
This plan of simplifying the playing is indicated 
as “2 PLB.” “3 P.B.,” and so on, 

Capotasto. An easy method of ramwsing the 
pitch of the guitar permanently at any given 
fret on to screw over the strings on to the finger- 
hoard an artificial headstop. By this contriv- 
ance the pitch o. all the strings is raised, and the 
clear eflect of tresh open strings retained, This 
temporary nut is called the “ Capotasto” or 
“ Capodastro,”” its use bemg denoted by the 
words “con capotasto sulla 3 P,’ 4 P, or what- 
ever position is required [2] 

The advantage of this will be evident when the 
player is asked to accompany a Kong in a higher 

ey than that given in the music. With the capo- 
tusto he can play with ordinary fingering and 
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desirability, when play- : 
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putting his first finger 9% 00Cy 5. Peg c. Peg- 

down with weight, so as re! eae 

to make it do temporarily what the capotasto 

does—t.e., cause the tones of the strings to re- 

semble as closely as possible those of open notes 

produced by the stress of a natura] top-nut. 

When a note, or group of notes, ascending, is 
gltsséd, pluck the first note with the right hand. 
The fingers of the left hand slide firmly to the suc- 
ceeding note, and cause the sound to ascend as the 
vibration continues. When this “son porté,” or 
* carried sound,” is descending, after striking the 
first note, slide the finger in the opposite direction, 
taking care always to change the fingering 
correctly as each successive fret is reached. 

In the slur the first note is struck by the 
right hand. ‘The fingers of the left hand must 
stop those notes which succeed as strongly as 
possible, and “ pull’ them pizzicato fashion. 

Harmonics. Harmonics are made by placing 
one of the fingers of the left hand very lightly 
over the fret, and playing with the thumb or the 
first finger of the right hand. The best natural 
harmonics are those of the third, fourth, fifth, 
seventh, ninth, and twelfth frets. Although the 
left hand stops the string gently, the right hand 
atrikes forcibly and close to the bridge. Harmonics 
“* & double doigter,” or produced with two fingers, 
are made by stopping a note first in the usual 
way. At the same time, the right thumb touches 
the middle of the string lightly, whilst the first 
right finger strikes the string underneath. This 
produces a sound an octave higher than the 
natural tone of the string stopped. 

A characteristic guitar effect is the J'wtrl. 
In this the thumb forms the centre of an ima- 
ginary circle, and the tips of the other fingers 
twirl round it so that the right hand makes a 
convolution by sweeping all the strings in suc- 
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ee oe Ee Ona or Lata effect in 
playing, €6, is 6 running 
the finger nails of the right hand lightly across 
the strings from right to left. 

The Tambour, or drum effect, is executed b 
raising the right hand a s over the sound- 
board, and dropping the side of the thumb with 
a free action from the wrist across the strings close 
to the bridge. 

Again, for the effect known as Corni, strike 
energetically with the thumb and first finger, but 
with a closer action quite near the bridge. The 
effect is supposed to resemble the sounds of horns. 
“Corni ” is also played by using the tips of the 
nails close to the bridge, or a single horn is imi- 
tated by al] the notes of a phrase being sounded 
by the nail of the first finger on one of the silver 
strings. , 

Son Ktouffé is a sudden damping, or stifling, 
of chords when they are struck. It is done by the 
fingers being replaced immediately on the strings 
after striking them, or the sudden staccato is 
obtained by employing the whole of the right 
hand to damp the sound. This effect is marked ss 

Vibrato is not possible on the open strings. Jt 
is done by making each of the fingers of the left 
hand, after stopping a note, tremble firmly and 
evenly on the string. Practise making this motion 
slowly at first. A player capable of making a good 
vibrato, especially with his weaker fingers, pro- 
duces a better quality of tone than an amateur loss 
accomplished. Although, theoretically, a throb- 
bing sound is opposed to the production of a 
pure and equal tone, it has a peculiar charm on 
the guitar, and good players who are able to 
make the notes pulsate can render entire pas- 
sages unusually expressive. 

The Tremolo. The tremolo is a rapid 
repetition of one or more notes struck alternately 
by the thumb and _ first finger of the right hand, 
the second and first finger, the thumb and second, 
the thumb, second, and first, or by varying the 
order of manipulation in other ways. Practise the 
different methods of fingering for the Tremolo 
systematically. The exercise adds to the supple- 
ness of the right hand. It is as useful as is the 
practice of the vibrato for each of the left fingers. 

Guitar concluded 


FANDANGO FOR GUITAR 





THE ZITHER 

For zither notation two staves are employed. 
One 18 for the melody and the other for the 
accompaniment. Both are usually in tho treble 
clef There are two methods of tuning—the first 
1s that adopted m Vienna, and the second that 
in Germany. We will confine our attention to 
the now general German method 

Tuning. The first string on the fingerboard 
nearest the player 18 of steel It » tuned to A, 
second space treble clef, as is also the second 
string, the object being to get reiterated effec ts 
from two strings in unison’ = Brass _wire 18 used 
tor the third string Thi 1s tuncd to D below 
first hne The fourth string 1s of steel overspun 
with silver wire It 1s tuned to G below becond 
ledger hne = The fifth 1s of brass overspun with 
Copper, tuned to C below fourth ledger line 


Ex 8 


MINUET 


player In playing, both thumbs are used, the 
only fingers unemployed being the fourth on 
both hands Place the thumb and three fingers 
of the left hand on the frets of the fingerboard 
In sounding a note bo careful to incline the left 
fingers to the mght mner side of each fret, other- 
wise the tone will not be good While the left 
fingers form the notes, the 
melody strings are plucked 
by the nght thumb Over | 
this 18 worn a clip of Ger- 
man silver ending in a 
prong, called a zither ring 
The upper portion of this 
prong forms a semicircular 
band of tho thickness of an ordinary ring = The 
chp goes over the base of the thumb-nail, the 
prong bemg underneath, and protruding to 
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Next come the accompaniment strings Of 
these there are 13 The first, second, fourth, 
sixth, seventh, ninth, eleventh, and twelfth are 
of catgut , the third, fifth, eighth, tenth, and 
thirteenth ‘being of silk covered with wire The 
contrasting substances of the strings arc employed 
not merely as a help to the player, but have a 
peculiar effect on the individuality of the zither 
tone Beyond the 13 a companying strings are 
the 13 bass strings These are all of silk, covered 
with wire and of a thicker gauge, so as to 
give the deeper sounds The diagram given 
shows the complete scale. 

Position of the Player. Place the 
sither on a table of barc wood If the table rests 
firmly on the ground it magnifies the sound of 
the instrument The zither thould be put 
obhquely with the fingerboard towards the 
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the left [8] When at rest, the position of 
the mght thumb i for the plectrum to be 
over the middle melody strmg D = Tho first 
right finger should rest on the second wite- 
covered accompaniment string, ( , place the 
second finger on the third wire A, the third 
finger on the third bass string F, and allow the 
fourth finger to remain free It should follow tho 
movement of the thnid, and not be rested on 
the talboard—a bad habit contracted by 
careless players Keep the joints of the fingers 
Ktraight It i the sides of the fingers and not 
the nails that have to come in contact with the 
strings Therefore do not appear to attempt 
to pick up the strings by curving the mght 
fingers On the contrary, endeavour to press 
them [4] Thus, rest the third finger heavily an 
the F string Now, when the finger 141 removed, 
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the act of ite slipping off will cause the string 
to vibrate. The third finger should fall against 
the next string on the left, BD, and impel it 
almobe 
against 
its neigh- 
bour. But 
no sound 
other 
than the 
F will be 
heard. 
Finger 
pressure 
must be 
regulated 
according 
to the 
thickness of the string. For instance, it wil) not 
he necessary to use the same degree of force if 
the second right finger is pressed stiffly against 
the third accompanying wire, A, because that 
wire is of quicker utterance than the F. 

Having made this motion, try to play two 
strings at once with one finger. Rest the first 
finger firmly on the second wire, or fifth accom- 
paniment string from the left C. Now pass it 
quickly from the C to the F, or the catgut string 
on its left, so as to sound both simultaneously. 
In doing 80, the finger motion must finish on the 
third string, B”, the digit resting firmly against 
it. A little thought will cause the pupil to realise 
that the arrangement of the accompanying 
strings admits of common chords and their in- 
versions being played by two instead of three 
fingers. The pressure of one finger when passing 
to an adjacent string should be so rapid that 
the sounds of the two are merged. This would 
not be possible were the accompanying strings 
not tuned in fourths and fifths as they are. 

In using the zither ring, play gently at first. 
Fulness of tone must be acquired evenly and 
gradually. It is casier to develop a forte by the 
slow and sure method than to begin carelessly 
and learn afterwards to play with delicacy. 

Fingering. Fingering in zither music is 
indicated by a + for the thumb, 1 for the first 
finger, 2 and 3 for the second and third, and an 
0 for an open string. 

Before the fingers get accustomed to their 
duties and gradually harden, excessive practice 
will do more harm than good. Progress will 
be more rapid if the pupil practises for half 
an hour on the first day, and adds an extra 
quarter of an hour the second day, and so on up 
to a maximum of two hours, rather than if he 
tinkles upon the instrument during the whole 
of his evening leisure for the first two or three 
nights, and then lay the instrument aside in 
disgust. 

Poaitiona. There are six positions on the 
fingerboard in general use, besides threc others 
more rarely employed. 

For the first position, place the third finger of 
the right hand on the first or second fret, the 
second finger on the third or fourth fret, the first 
finger on the fifth or sixth fret, and the thumb 
on the seventh or eighth fret. 
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4 FINGER POSITION 


For the second position the third finger now 
comes on the third or fourth fret, the second 
finger on the fifth or sixth fret, the first finger on 
the seventh or eighth fret, and the thumb on 
the ninth or tenth fret. 

For the third position, the third finger is placed 
on the fifth or sixth fret, the second finger on the 
seventh or eighth fret, the first finger on the 
ninth or tenth, and the thumb on the eleventh 
or twelfth. 

Continue in the same way, moving every 
finger up one or two frets each time, so as to 
become accustomed to the fourth, fifth, and 
sixth positions. The player should make out 
a diagram, numbering and lettering the notes 
of each position. Get to know them automati- 
cally, so that any note indicated in the music 
may be produced with certainty. The leas 
~ fingers are shifted, the smoother will be the 
eficct. 


Double Notes. In playing double notes, 
hold the left hand obliquely towards the right. 
In the higher part of the scale, thirds are played 
by putting the left thumb on the first A string, 
and the second finger on the second A string. 
Practise sliding the fingers; do not lift them 
when passing from one fret to another. In playing 
sixths, the two A strings are not used together ; 
the lower note required will be found on the 
string next to that which produces the higher 
note. Octaves, like thirds, are always played 
with the thumb and second finger. The easo 
with which a glissando, or sliding over inter- 
vening frets between two notes, is produced is 
one of the greatest charms of the zither. This 
effect, next to the portamento in singing, is indi- 
cated by a slur in the music. In making the 
slide, first put down the thumb deliberately. 
Then turn it over, so that the nail may touch 
the string. Do not hurry. After the ring on the 
right thumb has caused the string to vibrate, 
the sound will ascend or descend naturally 
according to the movement of the left finger, or 
fingers. Two notes linked together in the music 
by a slur must be played on the same string. 
Be careful not to remove the thumb after a 
glissando until the note has sounded its ful 
value, or the charm will be destroyed. 

When an open string is struck with the right 
thumb, and the interval to be slurred up is a 
big one, do not slide the whole length. It is 
better to make the glide only in the higher 
section of an interval in ascouting or the lower 
section in descending. Take care to touch the 
string very lightly at first, and increase the 
pressure gradually. If the interval is a long one, 
the thumb ring must be used a second time to 
mark its conclusion. 


The Shake. The shake is not so easy to 
execute on the zither as on the piano. en 
made aged and rapidly, its charm rewards the 
player for the time spent in practising it. Place 
the second finger on the note indicated in the 
music over which is printed the sign ér~~. Then 

t down the thumb on the next fret, or the next 

t one, as may be necessary for the trill. Press 
the tip of the first finger against the thumb to 


steady the latter. Let the thumb and second 
finger rise and fell alternately. Practise the 
shake slowly at first, evenly, and accelerate the 


Vibrato. "There are so meny charming 
effecta to be obtained out of this instrument that 
its admirers have not yet decided which is the 
most beautiful. But many of them maintain that 
the zenith of the zither’s sublimity is only reached 
through the magnetic wbrato tone of which it is 
capable. Place one of the left fingers on the 
requisite note. Move the finger from left to right, 
backwards and forwards, from the tip. The 
motion must not be made from right to left. 
Avoid jerking the strings. The player who once 
contracts the bad habit of making the strings 
shake, will find it difficult later to cure himself 
of that defect. What is wanted is a sense of 
rapid but gentle pulsation—not a series of 
spasmodic jerks. The qricker the vibrato, 
if done in a smooth manner, the better will it 
sound. By its means the tone of any of the 
melody strings may be prolonged, the continuous 
trembling caused by the motion of the metal 
wire impinging on the metal frets seeming to 
reinforce the sound. 

The sound of the strings is diminished when 
the word “dolce,” or pp, is indicated in the 
music. by advancing the right hand over the 
circular hole in the sounding board. What is 
known as the harp effect 1s thereby obtained 


Bell Notes. What are known as bell notes 
are of two kinds—natural and artificial. To pro- 
duce the former, place the thumb lightly on the 
string above the required fret, exactly over it 
instcad of a little to the right, as for notes which 
have to be stopped firmly. Sound the note with 
the right thumb by the “ring.” Bell notes are 
also called flageolet tones. They are harmonics, 
and sound an octave higher than written. 
Natural bell notes are produced by touching 
lightly the open strings at different points. The 
artificial harmonics are made by stopping certain 
frets and then touching very lightly a higher 
fret with a disengaged finger. 

If the pupil has memorised the names of each 
of the accompaniment and bass strings 80 as to 
associate them instantly with the notes that 
represent them, he will be ready to practise what 
is known as @ running accompaniment. In this, 
each note is articulated separately, beginning 
on. the lowest string. Major chords or arpeggios 
present little difficulty [Ex. 8]. Minor chords are 
easy to produce if the necessary third is sup- 
plied by the melody strings. The right hand then 
plays as if for the major chord, without using the 
second finger. Keep the right hand quiescent 
when playing full chords, Press slightly with the 
fingers. Withdraw them delicately. In staccato 
chords the fingers must he taken off instantly 
after making the sounds. Replace them immo- 
diately on the strings to dump the vibration. 


Zither concluded 


THE FINGERBOARD OF THE ZITHER—sHowING NOTES MADE ON PRESSURE OF FRETS 
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FROM MINE TO MARKET 


Surface Werks, Winding Plant. Mine Ventilation and Lighting. 
Mine Gases. Screening, Washing and Crushing. Ore Roasting 





Mine Tubs,.cr Corves. The system of 
haulage most suitable to the conditions of 
working having been selected, it remains to 
describe the vehicles employed to convey the 
materials from what is known as the working 
face to the bottom of the shaft. For this pur- 

atout iron carriages, or tubs, are employed, 
although wooden ones are still used in some of 
the Gornish mines and in several collieries. 
Numerous devices have been suggested for attach- 
mg the tubs to the rope, where rope haulage is 
employed. These usually take the form of a 
friction clutch, although in such cases the wear 
of the rope is apt to be considerable. The chief 


trouble arises, however, from the fact that the 
roads are apt to be dusty, and great difficulty is 
therefore experienced in keeping the axles and 
bearings free from dust and properly lubricated. 


Winding. 


Methods of winding have neces- 
sarily to be modified by the 
























| ea. various factors to be con- 
| oor, Hidered, such 
‘. as depth of 

Ss shaft, nature 

™~ of matenals, 

etc. In coal- 


mining prac- 
nm tice the tubs 
~ are run into 
the cages previously described, and 
f, drawn to the surface by a rope which 
ae))6winds round the drum of the winding 
Fr =oengine. Atypical shaft, with cages, 
and the road leading from the work- 
ing to the bottom is illustrated in 99. 
Some of the methods of attaching 
the rope to the cage are highly 
ingenious and worthy of being de- 
scribed. The reader willreadily appre- 
ciate the necessity for the capping, 
as it is termed, being performed with 
the utmost care, as, when the miners 
, are being raised or lowered on their 
way from or to their work, their lives 
often depend almost entirely upon 
the security of the capping. When 
wire ropes are used, the method is to 
‘ unfray the strands and to bend them 
back upon themselves. This gives the 
end of the rope a bulging, conical 
shape, and it can then be slipped 
.« into a conical sleeve, or socket. The 
greater the stress on the rope, the 
more firmly is the end drawn into the 
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socket, and this method of attachment has been 
found, generally aLiprraes Y very effective. 

Just as the strength of a chain depends upon 
the strength of its weakest link, so, theoretically, 
the strength of a wire rope depends upon the 
strength of its weakest strand. In practice, how- 
ever, the margin of strength—that is, the reserve 
resistance to breaking stresses over that which 
in practice the rope has habitually to endure— 
is such that it is permissible to have a few 
strands broken, provided the number does not 
exceed the percentage allowable for the par- 
ticular type of rope used. The best ropes are of 
crucible steel wire, wound round a core of best 
manilla hemp, the winding being done in such a 
manner that the more tightly the rope is drawn, 
the more firmly do the strands of which it is 
composed interlock and become’ compacted. 
These ropes require liberal lubrication with 
carefully selected oils, free from acids which 
would cause corrosion and speedily ruin the 
rope. Ropes of this description have been used 
for many years past at Prizbram, where one of 
the shafts has reached the stupendous depth of 
3,642 ft. These ropes have a tensile strength of 
114 to 120 tons per square inch. 

Safety Catches for Cages. When the 
cage has been raised to the pit-mouth it must 
be secured, so that all risk of its falling back 
in the shaft may be avoided. This is effocted at 
many collieries by an automatic device called a 
kep, which practically consists of an iron or steel 
step, pivoted or hinged in such a manner that, 
although it can be hfted up by the passage of the 
rising cage, it cannot yield in the opposite direction 
unless deliberately liberated by a hand lever. 
Once the cage has passed it on the upward 
journey, it forms, therefore, a secure ledge, or 
atep, upon which the cage can be brought to rest 
for the purpose of unloading. 

Needless to say that the number of devices 
which have been put forward for the above pur- 
pose is considerable, but most of them differ 
only in some slight detail from the foregoing, 
the principle of which is almost universally 
adopted. In “ diggings’ of a primitive nature, 
when both the men and the materials are raised 
and lowered by a bucket worked by a windlass, 
the simple expedient of placing a plank across 
the mouth of the shaft, once the bucket swings 
clear, answers the purpose admirably. 

Human ingenuity bas also been abundantly 
displayed in appliances for preventing ‘‘ over- 
winding ’’—an accident of a very serious nature, 
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as, in addition to the gers, we-—~ 
lows of life it may a ae 
entail, the whole of f o, 
the pit- frame may 
be almost irreparably 
damaged. 

Winding Engines. 
A brief description of 
a large steam-engine 
recently exhibited at 
the International Ex- 
hibition at Liége will 
suffice to acquaint the 
reader with the size - 
and power of the 
engines employed at 
the present time. The 


engine In question Is 100. STEAM WINDING ENGINE 


shown in 100. It has 

a drum 24 ft. in diameter, and is capable of raising 
nearly four tons of coal a distance of 1,300 yd. at 
aspeed of 15 yd. to 20 yd. per second. With 
central condensation, and working under favour- 
able circumstances, this engine will give results 
which, it is claimed, are not surpassed by those 
of any electrical installation extant. Of late 
years winding engines driven electrically have 
been adopted at most of the large collieries 
abroad, and are rapidly making progress in this 
country. 

A point of great importance in winding is the 
position of the winding engine in relation to the 
pit-head gear. If too close, the inclination of 
the ropes may be such that the pull on the frame 
is too great, and it may be drawn backwards 
towards the engine. On the other hand, if the 
enginc be too far away, the power is not appliod 
to the best advantage, and serious waste ensues. 
The best authorities claim that the distance of 
the drum from the centre of the shaft should be 
from one, to one and a half times the height of the 
pit-head frame. 


Pits-head Gear. Over the shaft is erected 
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the pit-head gear and frame, which in its esnen- 
tials practically amounts to a tripod, supporting 
at ita apex the pulley over which the winding 
rope passes. Actually, the pit-head is a much 
more complicated device, and serves not only to 
support the pulley, but also to house tipples, 
chutes, and, at times, crushing plant to deal 
with the minerals rnised. In 101 is shown the 
shaft rock house at tho celebrated Tamarack 
copper-mine at Calumet, Michigan, U.S.A. 
he cars have a capacity of about two and a 
half tons, and the rock is dumped into skips and 
raised to the surface, whore there is a com- 
bined head-frame and crusher building in which 
the rock 14 crushed to a size of five or six 
inches. Fig 102 shows a typical pit-heard 
frame at a large colliery, whore the coal 
is raised, and subsequently washed, screened, 
sorted, and run into waggons, which pass 
beneath the chutes with which it is provided. 
Need for Ventilation. = Proper ventila- 
tion is a metter of extreme importance im 
underground workings, particularly in coal 
mines, where the atmosphere is hable to become 


(re dangerously contaminated 
by noxious pases issuing 





from the coal-face and trom 
blower —that 14, wecumu- 
lations of fire-damp, under 
pressure. 

Gases in Mines. The 
principal gases found in 
mines are shown in the 
table on the neat page 
which gives their chemical 
formule, popular names, 
and chief propertics. 

Black damp, or stythe. 
which ss) not enumerated 
in the table, as it is 
not a pure gas, but a 
mixture of gases, War 
formerly believed to con- 
sint of carbon dioxide. 
Recent researches have. 
however, shown it to con- 
tain 85 tu 88 per cent. of 
nitrogen. It resembles 
carbon dioxide in its 
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101. SHAFT ROCK HOUSE AT THE TAMARACK MINE, CALUMET, MICHIGAN 


a and supports neither life nor com- 
tion. Some of these gases are heavy and 



















Chemical Name 


and Formula. Popular Name. | Remarks. 
1 






Very poisonous ; 
explosive. 
Poisonous, but 


non-explosive. 


Carbon mon- | Carbonic oxide, 

oxide, CO. or white damp 

Carbon dioxide,| Carbonic acid, 

COz. or after damp, 
choke damp. 


Methane, CH,. | Marsh gas, car- | Highly inflam- 
buretted hy-| mable. 
drogen, or fire 
damp. 

Sulphuretted —— Highly inflam- 

hydrogen, H.S. mable and 


poisonous, 


Nitrogen, N. Inert. 





tend to collect in the lower workings of the 
mines. Others are lighter than air and collect 
near the roof. As these are generally explosive 
gases, their danger is increased, as they are 
more readily diffused. All the foregoing gases 
occur, more or less, in collieries, but they are 
also met with in metal mines and in non- 
metallic mines other than coal mines. Thus, 
carbon dioxide is common in lead mines in 
Spain, France, and the United States. On 
the other hand, the gas sulphuretted hydrogen 
usually occurs in mimute quantities only, in 
coal mines, where it is formed by the decom- 
position of pyrites in coal. In sulphur mines, 
on the other hand, it is frequently present 
in large quantities, and has been the cause of 
Rerious accidents in Sicily, and during the sink- 
ing of a shaft through the rock-salt beds of 
Strassfurt no Jess than fifteen fatal accident» 
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occurred where persons were asphyxiated by 
sudden outburste of the gas. 
Dangerous Gases. Marsh gas and carbonic 
oxide are, however, the gases chiefly responsible 
for the disastrous explosions which occur from 
time to time, mostly in collieries. At the same 
time, the deaths which occur are usually due 
less to the explosions themselves than to the 
deadly after damp or black damp gases which 
are formed as the result of the explosion, and 
cause death by asphyxiation. Marsh gas has, 
however, been put to useful purposes before 
é now, and, at the 
. Eleonora pit, at 
Dombrau, in Aus- 
tria, a large 
blower of the gas 
has been tapped 
and the gas em- 
ployed to heat 
two steam boilers, 
with an annual 
saving of 600 tons 
of coal. 
While many 
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SHOWING PRINCIPLE or Mendably free 


DAVY SAFETY LAMP from gases, their 
presence in other» 


ib a Standing menace to the miner. At the same 
time, it has been found that mune gases are not, 
by any means, the sole cause of explosions. The 
large amounts of coal dust present in the air of 
colheries also constitute a grave danger, and 
many explosions have been tisaced to this 
source. 

In many collieries, water is sprinkled on the 
coal after it has been loaded into the tubs and 
the ways are carefully watered to help to allay 
the dust. But even this precaution may, in 
turn, constitute a fresh source of danger, as the 
warmth of the workings, combmed with the 
moisture, is believed to create a highly favour- 
able nidus for the propagation of the deadly 
ankylostoma, or miner's worm, the cause of a 
disease which has wrought much havoc in 
collieries in France, Germany and Belgium, but 
which, happily, has made very little progress 
in this country. 

Ventilation in Mines and Collieries. 
The need of efficient ventilation will be obvious 
when it is remembered that, in addition to the 
necessity which existe for removing the dangerous 
gases naturally present in collieries and metal 
mines, the atm is rendered foul by the 
fumes given off by blasting operations and “shot 
firing,” and by the emanations from men and 
pa als working in a confined space for long 

ours. 

In quarries and t workings ventilati 
is, obviously, easily effected, but it is o } 
with workings sitaated at great depths from 
ms surface. 

entilation is usually carried out ene of 
tion, furnace ventilation, and fan ventilation. 
Nataral ventilation depends upon the presence 
of two shafts at least, of different depths, and 
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containing, therefore, columns of air of different 
weights and pressures. Whenever these con- 
ditions are satisfied, the heavier column over- 
balances the Jighter column and a system of 
air circulation is established. Natural ventila- 
tion is, however, subject to some uncertainty 
in operation, and to the great disadvantage 
that circumstances may, at times, lead to a 
total reversal of the direction of circulation, an 
occurrence which may bo fraught with serious 
consequences. In practice, it is rarely depended 
upon alone, but is supplemonted by a system 
of furnace ventilation, by which the air in 
what is called the upceust shaft is heated, 
and thereby rendered permanently lighter, thus 
ensuring 8 constant draught in the same 
direction. This system has, however, been 
almost entirely superseded by fan ventilation. 
Ventilation by Fans. Ventilation by 
fans may be either by exhaustion or by com- 
pression—that is, the fan may be used to with- 
draw the foul air, or to drive in asupply of fresh 
air, In practice, fans are usually placed at the 
top of the up-cast shaft and used tu exhaust the 
air by suction. These fans work on what 15 
known as the centrifugal principle, and as they 
differ but little in essentials from those used 
to secure ventilation in large buildings, it will 
not be needful to do more than to point out that, 
spear they are much larger and morc 
powerful. The chief types used are the 
‘“ Guibal,” “‘ Waddle,” “Schiele,” ‘“ Cappel,” 
“ Walker,” and “ Rateau” fans. The speed at 
which such fans are run varies from 40 revolu- 
lions per minute to 500. They are, at the 
present day, frequently driven by electricity, 
and their diameter often exceeds 30 ft. 
Lighting. The method of lighting mine 
workings is closely associated with the occurrence 
of fiery gases in miner, as, upon their absence 
depends the possibility of working with naked 
lights, while their presence necessitates the use 


of lamps specially designed to prevent the 
Ignition of losive gases. Thus, in many 


parte of the world, and at many of the iron ore 
mines in this country, candles are used. They 
are stuck into a piece of clay which, by its 


Oy COT a ag 
LEG GRE 





SURFACE WORKS, FERREIRA 


* 4%, SE, 
4 Be wd it gh "Sat 
“vows Mon a 
es crs 
éoo4 se 4 
Py : M ‘ ei ” are 
| er 4 
ee Ain i 


+s 
5 
3 


+ aa 
y } 4 ey 


* 
~ he 


ihe . Spas uy a "7 Ba) ue 
s a Fi MY, os . the. ; we c os 
: a oi Ra ame 
A 7 vere 
; : ‘ak a) in ae 
ea rac . rye i gaat i Y 


S ae on 
ar tae ees Cy 


has Sant 9% 





nor swt: atl treated AR ET NN NO LN OR NR RES Petr — een sae mal 


DEEP MINE, TRANSVAAL 


plasticity, can very readily be put down any- 
where convenient, adapting itxelf to the circum- 
stances in a way which no more rigid form of 
holder could possibly do. At other mincs oil 
lamps are freely used. For the most part, 
however, safety lamps have to be employed. 

Theory of Safety Lamps. fore 
an explosive gas can be ignited it, or some part 
of it, must be raised to the requisite temperature, 
as otherwise tho chemical forces upon which 
ignition depends do not come into play. It 
was found by Sir Humphry Davy that, if a 
piece of wire gauze be placed across a flame, 
the unconsumed ga» issuing through = the 
gauze cannot b« ignited by the flame beneath, 
but requires an extraneous source of heat to 
ignite it. The illustration given [103| will make 
this clear. What really happens is that tho 
strands of wire in the wire gauze are such 
excellent heat conductors that they carry off 
the heat of the flame too rapidly for it to be 
imparted to the gas on the other side to raine 
it to a temperature sufficient to iguile it. The 
Davy tafety lamp, the prototype of numerous 
modifications since invented, depends upon this 
tact for its safety. 

Preparation for the Market. While 
the operation of mining ends with the delivery 
of the minerals at the pit or shaft head, 
it as but seldom that such minerals can be 
directly employed in industry. In practice 
they have usually to be subjected to a series of 
operations which, as they are usually carried 
out at a mine or colliery from which the material 
has been won, may legitimately be regarded ws 
the final stages of mining. 

The chief reason for treating the minerals 
in the immediate vicinity of their source of 
extraction is to avoid the expense which would 
be entailed in transporting the dirt and dross 
with which they are almost inevitably associated 
—in other words, to obviate freight and carniag« 
charges upon unremunerative tonnage. Even 
coal, which of all minerals is usually in the con- 
dition most suitable for immediate consumption, 
gencrally requires some degree of preparation 
before consignment to it» destination. 
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105. HEAP ROASTING OF COPPER ORE 


Screening Coal. With coal, the value 
of the marketable product depends largely upon 
size. On reaching the pit mouth it is therefore 
subjected to a series of operations which include 
screening, picking, sorting, and washing. 

Screening is carried out by tipping the coal 
either on to inclined screens, set at an angle of 
about 30°, or into revolving or shaking screens. 
The size of mesh employed depends upon a variety 
of circumstances — for instance, the hardness 
of the coal, its ultimate uses, etc. At most large 
collieries rigging or shaking screens are employed, 
the movement imparted to such screens being 
comparatively gentle and regular so as to avoid 
breaking the coal too much in the process. 

Coal Washing. Small coal intermixed 
with a large proportion of dirt is usually 
washed. In this process advantige is taken 
of the difference in density between the coal end 
its associated impurities. The principle em- 
ployed is agitation with water, whereby the coal, 
being lighter, is carried away, while the heavier 
impurities coilect ut the bottom of the appliances 
used. ‘There are a large number of coal washer» 
on the market,-the best known being the Murton, 
and the Wood and Burnett washers, which have 
movable troughs; the Luhrig, Coppee and 
Robinson washers, which depend upon the action 
of ascending currents of water; the Elliot 
washer, which is provided with movable scrapers 
operating in a fixed trough, and the Baum euler 
whioh is practically a large vat into the water of 
which compressed air is admitted, causing 
considerable agitation of the water and effecting 
& very complcte degree of separation by this 
means. 

Coal washing effects a considerable reduction in 
the ash of the coal treated, and also serves to 
remove a proportion of the associated sulphur 
compounds which are a source of grave incon- 
venience in most of the subsequent uses to which 
the coal may be applied. 

Gold Washing. It will have been seen that 
this process of washing tends to concenfrate 
the material—that is, the finished product is 
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richer in the required 
mineral than it was 
before. This principle 
is applied to an even 
greater extent in 
gold mining, par- 
ticularly in alluvial 
workings where the 
prospector’s pan, 
described on page 
2380, is further de- 
veloped into the 
bat-c, 2 conical vessel 
in which the heavier 
gold collects at the 
bottom, while the 
dirt flows out with 


the water at the 
top. At some gold 
mines, notably = in 


Australia, the con- 
tents of a large pit 
are agitated with 
water by means of a series of revolving blades. 
This principle is also employed at the Kimberley 
diamond mines to separate the mud and clay 
from the gravel with which the diamonds are 
associated. 

Crushing. While it is usually desired to 
keep coal in large lumps, it 1s sometimes crushed 
preparatory to coking in the coke ovens. The 
crushing of minerals finds its most interesting 
exemplifieation, however, at gold mines, where 
the gold is derived from quartz, which requires 
to be reduced to a fine powder preparatory to 
leaching—that is, treating with chemical solu- 
tions which dissolve out the gold, leaving the 
quartz behind. 

On the Rand, the ore mined is a hard, splintery 
rock known as banket, or almond rock, » siliceous 
quartz conglomerate, consisting of bluish-grey 
quartz pebbles embedded in a quartzose matrix. 
This quartz has to be treated in stamp batteries, 
which consist of hammers shod with specially 
hard steel, such as chrome steel, or manganese 
steel. These hammers work vertically by means 
of a tappet, or collar, fixed near the top end of 
the rod to which the shoe is attached. This 
tappet is raised by a revolving lifter, furnished 
with a cam which, on rotating, engages with the 
lower surface of the tappet, raises 1t a few inches, 
and ultimately clears it, allowing it to fall. A 
number of these vertical hammers disposed side 
by side, having their tappets actuated by cams 
projecting from a common shaft which revolves 
continuously, constitute a stamp battery. 
The weight of each stamp—rod, head and shoe, 
and tappet—averages about helf a ton, and the 
number of falls per minute, regulated by the 
hardness of the quartz, averages from 60 to 100 
per minute. 

Stamping is carried on either wet or 
In the latter case the fine dust is liable to 
carried about in all directions, and to become 
deposited on the working portions of the stamps 
with serious results, although the leaching is 
more rapidly effected with dry stamped ore. 
The usual practice in South Africa, New Zealand, 
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America and Australia, is wet-crushing. As its 
name implies, the ore is mixed with water in the 
mortar box, into which the stamp falls. 

Leaching. Leaching is a whereby 
the materials from which it is desired to extract 
some valuable constituent are treated, in a vat, 
with some liquid which dissolves the required 
constituent. us, in alkali manufacture, the 
salt “cake” is leached with water, which dis- 
solves the soda ealts, leaving the associated 
silicious matters, fusl, eto, untouched. In gold 
mining the fine ore from the stamps, which is 
known as tatlings, is leached with a solution 
of cyanide of potassium, which dissolves the 
particles of gold—and silver, when this metal is 
present~—and leaves the quartz slime behind after 
filtering. Fig. 104 shows the surface sions i 
the plant at Ferreira Deep, with the large tailings 
wheel on the right. 

The dissolved gold is subsequently precipitated 
on zinc plates, or zinc turnings, zinc having a 
chemical affinity which causes it to withdraw 
gold from solution and to take ita place. The 
zinc remaining is ultimately driven off by heat, 
ne the gold, in the form of orude bullion, 

ind. 

Roasting Ores; Calcination. Some 
minerals, when delivered at the surface, are 
associated with substances which can be driven 
off by heat. In other cases, the application of heat 
may cause certain chemical reactions to occur 
which have the effect of rendering the mineral 
more readily reducible in the subsequent smelt - 
ing operations to which it is usually subjected. 

The ore may be roasted in heaps, or calcined 
in kilns. Sometimes the heat is derived from 
combustible materials associated with the ore as 
extracted, the combustion of which produces 
sufficient heat to effect the necessary changes in 
the mass. With other ores, fuel must be added 
before combustion can be effected. The best 
example of ores of the first class is afforded hy 
blackband ironstone, which contains enough 
carbonaceous material to burn without any 
added material. In Scotland and in North 
Staffordshire, where this ore occurs, huge heaps 
may be seen roasting in the vicinity of the 
mines. Such ores may lose as much as 50 per 
cent. of their original weight, and the iron they 
contain will be in a more fully oxidised condition. 
Where the addition of fuel is necessary, the 
preparation of the ores is more economically 
carried out in kilns. In the Cleveland district, 
the kiln adopted is that of Gjers, the capacity 
being from 400 to 700 tons at a time, and even 
more. The waste heat from the blast furnaces is 
also employed for the purpose of calcining the 
ores. The ores of many other metals also require 
roasting preparatory to their use, while in the case 
of non-metallic minerals numerous examples 
might be adduced. Thus limestone, or calcium 
carbonate, is roasted in kilns to drive off the 
carbon dioxide, for the production of lime, and in 
cement manufacture. Fig. 105 shows the roast- 
ing of copper ores in heaps at Jerome, Arizona. 

Weathering. In a number of instances 
materials require to be exposed to the action of 
atmospheric agents before they are fit for use. 


Into the eas of weathering several factors 

enter. thus, the mineral heaps become - 

meated with moisture in wet weather, a igri 

the succeeding cold seasons the moisture freezes, 

and by ita expansion induces disintegration of 
masses. 

The diamond-bearing rocks of the Kimberle 
district are weathered on a large scale, the roc 
being — over areas oxtending thousands of 
acres. m time to time the masses are 
ploughed up and fresh portions exposed to tho 
atmosphere, the weathering rendering the 
subsequent operations for the recovery of the 
diamonds much easier and cheaper. Clay also 
requires oareful weathering ce ripening, its 

hysical propertics being greatly improved, and 
ts plasticity increased. Jt may inoidentally be 
mentioned that the existence of clay itself 
depends upon the weathering, during long ages, 
of granite. The silicates of alumina, which enter 
into the composition of one of the chief constitu- 
ents of granite, become separated from the quartz 
and mica with which they are associated, and 
being lighter, are deposited by tho action of 
water in beds. The kaolin of Devonshire, from 
which the best descriptions of china and porce- 
lain arc made, has had its source in the cycle 
of operations included under the term weathering. 


GEOGRAPHICAL DISTRIBUTION 
OF MINERALS 


The following notes as to tho distribution of 
the chief ores and minerals, arranged under 
the headings of the countrics in which they occur, 
may prove of interest. It must be borne in 
mind, however, that the venue is frequently 
changed, and that the country which at ono 
period is “ booming” as, nay a gold country, 
may at almost any perod be displaced by a 
“rush” to some other distnet from which 
prospectors may bring the news of important 
tinds, 

Great Britain and Ireland. Our own 
country owes its predominant commercial pros- 
perity as much to its mimeral wealth as to its 

ographical situation. Celebrated in the carly 

wn of its history as the source of tin ores, its 
coal, iron, copper, lead, zinc and salt mines have 
also contributed to its industrial development, in 
later days. The Welsh steam coal 1s uncxcelled 
for marine purposes. Unfortunately the iron ore 
mines upon which the prosperity of this country 
is largely dependent are approaching exhaustion, 
and the supplies for the ironworks have to bo 
drawn from abroad, notubly from Spain and 
from Sweden, supplemented by ores from the 
European mainland, from Greece, and oven 
from Ruasia. Gold is found in North Wales, 
but in commercially insignificant quantities. 

Other European Countries. France, 
Germany and Russia possess much mineral 
wealth, coal and iron predominating. Southern 
Russia and the hinterland between Europe and 
Asia is rich in petroleum, Baku being the 
centre of the oil industry. Sodium and 

tassium salts are found in Germany and 
Poland, while Austria-Hungary Pdi quick- 


silver, which is also found in Spain. Iron ore 
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is found in Sweden, where it is smelted with 
charcoal, producing iron of great purity and 
excellence. Manganese ores are found in Russia, 
Greece and Turkey, while copper is mined in 
Spain and Portugal, and traces of ancient 
workings for the extraction of copper ores are 
found in Greece. Gold is found in Italy, the chief 
mineral wealth of which is, however, sulphur. 


Asia. The mincral wealth of Asia is not 
fully known. Gold is found in Hindostan and 
elsewhere, while platinum is found in Siberia 
Persia possesses coal and petroleum. (China is 
@ very rich country, and contains ores of nceriy 
all the commercially valuable metals and 
minerals. Japan is rich in coal and_ iron. 
Diamonds, sapphires and rubies are found in 
Hindostan and in Upper Burmah. Petroleum 
is also found in Burmah, and in many of the 
larger islands of the Eastern Archipelago. 


Africa. The gold mines of the Rand are 
justly celebrated ; while the Niger States 
possess valuable deposits of alluvial gold which 
have not, as yet, been fully developed. Namaqua- 
Jand is rich in copper ores, and Natal has abun- 
dant supplies of coal, a mineral in which the 
Transvaal is somewhat deficient. Diamonds 
are found at Kimberley and elsewhere. Algeria 
possesses mines of lead, zinc, antimaqny and 
copper. 

America. (‘anada possesses an abundance 
of valuable minerals, including gold at Klondyke 
and in Nova Scotia and Columbia, silver, in 
the Lake Superior district, iron ores in various 
localities, coal, petroleum, and lastly. but not 
least, nickel, which is found at Sudbury, in 
Ontaria. The mineral wealth of the United 
States is enormous. Tt is the chief iron ore 
producing country in the world, and its output 
of coal, petroleum and natural gas is likewise 
on @ gigantic scale. The United States also 
produces a quantity of copper, lead and quick- 
silver, while gold 1s mimed in Colorado, California, 
Nevada, Utah, Montana and Arizona. Silver 
is found in Colorado, and several ot the other 
Western States, and copper abounds in the Lake 
Superior district. In South America the silver 
mines of Potosi are celebrated, while the nitrate 
beds of Chili ate the most extensive in the world. 
Gold and diamonds are found in Brazil, and 
emeralds in Peru. 

Australia and Oceania. Australia and 
Tasmania are rich in tin ores, while gold 1s 
found scattered throughout Australia, and in 
New Zealand. (‘oal is found in New South 
Wales. In Oceania the island of New Caledonia 
is justly celebrated for its mineral wealth, 
being rich in nickel, molybdenum, and chrome 
ores. 


Ore Handling. Only a passing mention 
can be made of the marvellous advances 
which have taken place in the methods 
of transporting minerals. The most striking 
instences are the aerial ropeways by means 
of which enormous tonnages are cheaply and 
expeditiously conveyed from place to place, 
end the wonderful ore handling appliances in the 
Lake Superior district in America. There the ore 
is handled by gigantic machines, which feed it 
into the ore steamers which ply between the 
mines and the chief ore docks situated on the 
lakes. The capacity of these steamers is very 
great, and the limit would not, even yet, appear 
to have been reached, notwithstanding the fact 
that the Elbert H. Gary, a steamer belonging 
to the famous Steel Corporation, has recently 
broken all records by conveying a cargo of 12,328 
tons of ore from Escanaba to South Chicago. For 
unlonding these cargoes, Hulett automatic 
machines are installed, and one of these, at 
Lorrain, Ohio, recently achieved the wonderful 
task of unloading 681 ton: in an hour. The speed 
and economy of these machines may be gauged 
by the fact that the cost of unloading has been 
reduced to 1 cent. ($d.) per ton. Indeed, the 
records of the Old World are fast being broken 
by those of the New World, and the student of 
mining fixes his eyes on the shores from which the 
Atlantic separates, in name only, the Mother 
Country, and views with admiration and sur- 
prise the striking progress which the adoption of 
scientific methods has enabled to be made in the 
iregter Britain beyond the seas, whose sons are 
the inheritors of the glorious mining traditions of 
the old country in that New Land whose re- 
sources so vastly surpass those of our own. 

Bibliography. Students who wish tu 
pursue the study of mining into greater detail 
than this course has provided will find no lack 
of reliable textbooks on the subject. Messrs. 
Charles Griffin & (o. publish several good 
handbooks, among which we may mention 
‘Prospecting for Minerals,” by S Herbert 
Cox, (5s.); ‘Ore and Stone Mining,” by Sir 
C. le Neve Foster (34s.); ‘‘ Elements of Mining 
and Quarrying,” by the same author (7s. 6d.) ; 
“Coal Mining,” by Herbert William Hughes 
(24s.);  ‘‘Mine Surveying,’ by Bennett H. 
Brough (7s. 6d.); “Getting Gold,” by 
J. (. F. Johnson (3s. 6d.); “Mine Accounts 
and Mine Bookkeeping,” by James Gunson 
Lawn (10s. 6d.); and “The Investigation of 
Mine Air,” by Sir Clement Foster (6s.). Books 
by other publishers include “ British Mining,” 
by R. Hunt (Lockwood. 42s.); ‘ Economic 
Mining,” by C. W. Lock (Spon. 21s.); “Colliery 
Working and Management ” (Lockwood. 15s.) ; 
and ‘‘ Rock Blasting,” hy G. G. André (Spon. 5s.). 


Mining concluded 
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CYCLE 


and Accessories 


By H. J. BUTLER 


[N the cycle factories of Coventry and Birming- 

ham we have instances where the machine 
is built throughout, even including the tyres. 
now that various patents have lapsed ; but 
usually, although completed machines leave the 
works, outside firms are depended on for such 
items as tubing, chains, balls, saddles, etc. 
Another class of factory is that where components 
or parts are made as well as completed frames. 
These are sold to dealers who assemble the 
different fittings together into the complete 
article. This assembling forms a large branch of 
the trade, and will be the form of manufacture 
most likely to interest the reader as being one 
he may himself adopt. 

The Cycle and its Parta. Our 
bicycle of to-day consists of two wheels placed 
one before the other, mounted in a frame of 
steel tubing which carries the means for propul- 
sion, seating, and steering. Three types of frame 
are illustrated —60, a road racing frame ; 61, lady's 
frame; and 62, a tandem frame with rear seat 
for lady. 

The frame consists of the following parts : 

(a) The top tube. The horizontal member 
running from the seat to the steering. 

(b) The head. The short member which 
receives the stem of the front forks. 

(c) The vottom tube, running obliquely from 
the head to the bottom bracket. 

(d) The seat, or down tube, running from the 
bottom bracket to the seat. 

(e) The back forks, or stays, connecting the 
seat with the hind wheel hub. 

({) The chain stays, connecting the bottom 
bracket with the hind wheel hub. 

(9) The front forks, the stem of which turns 
within the head tube (). 

The Frame of Ladies’ Bicycles. 
The difference in dress necessitates a modification 
of the top tube [61]. This member, in the gencr 
ality of machines, runs from the top of the head 
and sweeps downwards to a point just above 
the bottom bracket. Often it is connected by a 
“— to the bottom tube. 

he Frame Lugs. The frame tubes are 
joined together by means of sockct-shaped 
pieces called lugs, the junction being effected 
by brazing and internally strengthened by picces 
called liners. 

The lugs in a standard pattern frame are : 

(a) The top head lug, joining the head and 


top tubes. 
bottom head lug, joining the head and 
bottom tubes. 

(c) The seat lug, joining the top and down 
tubes and provided with means of attaching 
the back forks, and split for adjusting the scat 
pillar which carries the saddle. 


(d) The bottom, or crank bracket, This is 
provided with sockets for taking the down tube, 
bottom tube, and the two chain stays, as well as 
receiving the axle to which the pedals and 
their cranks are fastened. 

(e and /) The two chatn stays and the two back 
forks are generally connected together— sufii- 
ciently beyond the wheel to give a safe clearance 
--by a bridge in each case. 

(g) The back forks ends may be brazed to 
the lower ends of the forks, but in many patterns 
both ends of the back forks are fixed by a bolt 
passing through them. A slot is provided for 
receiving the hind wheel axle. 

(hk) The two front forks are connected by a 
crown which also receives the fork stem. 

In a flush-jointed frame the above lugs are 
placed inside the frame tubes instead of the usual 
practice of placing them outside. A lug usually 
connects the handlebars with the handlebar stem 
and another connects the two portions of the 
seat pillar. 

The Head. The head tube receives within it 
the stem of the front forks, and, again, inside the 
front fork stem we place from above the stem 
of the handle bars. These two stems are held 
tightly together by a chp immediately above 
the top head lug. The clip is provided with a 
bolt and nut, while the fork stem ix split for a 
couple of inches at the back to allow of adjust- 
ment. A nut is also provided to prevent vertical 
play. It is u ual to provide a steering Jock, 
whereby the turning of the front wheel 1s arrested 
This prevents damage when leaving the machine 
against a wall or curb. 

There are numerous shapes of handlebars 
(68| brazed through the lug on top of the 
stem, and they are made to suit every taste. 
From the racing pattern, allowing of a flow 
grasp placed forward, are intermediate patterns 
unti] we arrive at the full upturned Jady's 
pattern which brings the hand» above and behind 
the top of the head tube. 

The Driving Gear. The modern bicycle 
in rear-driven —that is, the motion js transmitted 
through the hind wheel. By pressing down 
alternately on the pedals the cranks are rotated 
with their connecting axle which sets in motion 
the bracket chain wheel and, hkewise, by means 
of the chain, the hub chain wheel. 

The Cranks. ‘The cranks receive at their 
lower ends the axle of the pedals. The latter 
may simply screw into the cranks. Care should 
be taken to sce that u left and right handed 
thread is provided respectively, as although 
the pedals rotate round their own axle in the 
same direction, yet they are on oppo sides of 
the cranks, and the tendency will be, if opposite 
threads are not provided, for one of the peclals 
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to work loose. The inner end of the crank 
is awolled out and pierced to receive the crank 
axle. A common method of fixing is by a 
tapering cotter pin which drives into a simular 
shaped keyway. Both have a flat side to pre- 
vent working loose. The cotter pin is pulled up 
tight by a small nut. 

The Throw of Cranks. The length from 
crank axle centre to pedal axle centre 1» called 
the throw, Usually 7 in. will be found suitable 
for a rider with normal length of leg. Increase ot 
this means greater leverage, but the feet have to 
move through a larger circumference, thereby 
speed is lost. For tall riders using a high gear, 
74 in. is often used, and ladies find comfort 
when the throw is not more than 64 in. 

The Chain and Chain Wheels, The 
power is not merely transmitted from one chain 
wheel to the other, but by the relationship as 
regards the number of teeth on each wheel, 
the number of revolutions of the hind wheel are 
greater than the revolutions of the cranks. If 
there are 16 teeth on the bracket chain wheel 
and 8 on the hub chain wheel, the hind wheel 
will revolve twice as often as the cranks. 

The Gear. The gear of a bicycle is cal- 
culated in inches, and represents the diameter 
of the wheel that would be necessary to ensure 
the same rate of s if the cranks were con- 
nectéd directly to the driving wheel hub. Thus, 
if we have 16 teeth in front and 8 at the back, 
together with a 28 in. wheel, we call the gear 
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“56 in.,’ which is arrived at by dividing the 
number of teeth on the hub chain wheel into the 
number on the bracket chain wheel and multiply- 
ing by the diameter of the driving wheel. By 
multiplying again by 3! we get, approximately, 
the dstance which the machine travels at one 
complete revolution of the cranks. 

The Chain Line. It is absolutely 
necessary that the chain should run over the 
tecth on the cham wheels centrally, without any 
undue friction on either side. This is attained 
by a correct chain line, and is calculated at 
two points [see 64]. 

1. From a line passing transversely through 
the centre of the back hub to a line passing 
through the centre of the chain whee! teeth. 

2. From a line passing transversely through 
the centre of the crank bracket to the centre of 
the chain wheel teeth. 

Both these measurements should be exactly 
the same, thereby ensuring that the two chain 
wheels will revolve exactly in the same line 
in the same way that« the two road wheels 
should do. This chain line varies from 1# in. 
in racers, to 1} in. in roadsters with gear 
cases, 

The Bracket Chain Wheel. The chain 
wheel is usually fixed by screwing it on to the 
inside of the crank boss, and the outer ring carry- 
ing the teeth can be made detachable, so that 
the gear may be increased or decreased by adding 
another ring of teeth. 


The Hub Chain Wheel. This is screwed 
on to. the back hub and rotated with it in the 
patterns of the last few years, but now, owing to 
the almost universal adoption of the free wheel, 
it farms part of the free wheel hub, and by 
means of either roller friction or a paw! the 
hub can rotate while the chain, cranks, etc., are 
at rest. The hub chain wheel should be of a 
sufficient circumference to accommodate not 
fewer than eight teeth. The larger this whcel the 
further from the centre lies the chain, conse- 
quently meaning ter leverage; also, the 
chain is not unduly curved. But we must 
limit the size @f this chain wheel, as the larger 
this wheel is, the larger must our bracket chain 
wheel be in order to obtain the same gear. 


The Chain. The chain may either be a 
series of solid blocks connected to side links 
by means of pins allowing of free movement as 
the links run round the chain wheels, or the 
side links may be connected by pins which pass 
through rotating rollers. The first type of chain 
is known as the block chain, and now finds little 
favour; the second is the much used roller chain, 
in which we have the advantage of rolling over 
sliding friction. The links are formed into an 
endless chain, by means of a bolt and nut which 
takes the place of one of the pins. 


Pitch of Chain. The pitch is measured 
from the centre of one pin to the centre of the 
next --usually it is 4 in. 

Adjustment of the Chain. The cha‘n 
when pew adjusted should show a very 
slight departure from the straight line. A loose 
chain may mount the chain wheel and cause 
disaster. The slot in the back fork ends allows 
of the hind wheel being pulled further away 
from the crank bracket. This is done by turning 
a nut at the end of the slot. Care must be taken 
to perform the operation equally on both fork 
ends, otherwise the alignment of the hind wheel 
may be destroyed. 


Free Wheels. The roller type ‘uf free 
wheel is almost obsolete. When the chain 
ring is turning, a series of rollers are drawn by 
friction against the ring up inclined planes, and 
are jammed between the clutch and the ring, thus 
taking the hub, and consequently the road wheel 
with it. When free wheeling takes placc, the 
rollers are released together with the contact 
between the chain ring and the free-wheel clutch. 

In the ratchet free wheel the chain wheel is 
fitted internally as a ratchet wheel, while pawls 
are connected to the clutch. When the chain ring 
ia revolving the pawis slip past, but when it is 
stopped either the pawis are free to drop by 
themselves, or they are forced home to their 
work by small coiled springs. These are various 
modifications of this main principle which are 
the subject of patents. 


Pedal and Other Brakes. A back- 
pedalling brake is one in which retarding action 
is effected usually within the back hub by means 
of one cone wedging itself into another when pres- 
sure is exerted in the opposite direction to the 
usual pedalling force. Another variety of the same 


of brake is in the form of a rim brake. This 
is brought into play by means of a tension rod 
connected with the crank bracket. Rim brakes 
are the type that have been adopted largely. 
Pressure is applied either by a system of levers 
and connecting rods, or by a Bowden wire, tho 
power being applied by a small lever. 


Variable Gears. Means are somctimes 
provided within the back hub whercby the gear 
may be altered at will. It is advantageous to 
lower the gearing when going up hill, and on a 
good level road one naturally wishes to increase 
the rate of speed. This may be cffected when 
variable gear is fitted by merely pulling a lever 
and yet maintaining the same rate of crank 
rotation, although, of course, more power will 
be necessary for the higher gear. There are two 
and three-speed hubs, and usually on one gear 
(the high) the whole hub runs solid. Tho inter- 
meshing of toothed wheels of varying numbers 
of teeth ensures different rates of speed in the 
fame way as with the chain and its wheels. Theo 
modern gears are also fitted to allow of free 
wheeling. 

The Tubing. The frame is composed 
of weldicss steel tubing [65], which implies that 
it is not merely sheet metal welded to form a pipe, 
but is worked up from the solid. Usually the 
section of the tubing is circular [65 |, and 
varying in gauges according to the strength 
necessary, but the back forks and chain stays 
are usually of D section [65 CJ], while the front 
forks are oval [65D]. Not only does the gauge 
vary, but in the same tube we may find the 
thickness increasing at the end. This is butted 
tubing, and when reinforced at both ends we have 
a double-butted tube [65 A], the type used in the 
best machines. Taper gauge tube [65 B] is often 
the material used in the front forks |66 and 67}, 
the greatest strength being at the crown. Buttod 
tubing obviatex the nevessity for using liners. 


Wheels. The wheels consist of wire spokes 
inserted in metal or somctimes wooden rims, on 
which are placed the pneumatic tyres Equal 
sized wheels allow of interchangeahbility of ae 
which is an advantage, a4 the wear on the back 
tyre is greater. Therefore, after a bicycle has 
run a considerable distance, the tyres may be ex- 
changed. Wheels of 28 in. diameter are usual. 

Spokee. Spokcs are generally tangential 
to the hub, the direct-spoked wheel )eing out of 
date. Spokes may be the same gauge throughout 
or single and double butted. They are made 
stouter at the ends where the strength is necer. 
sary; the centre is lighter, and gives Jess air 
resistance. The spoke is prevented from passing 
through the hub flange by its head, and is 
attached, and its tension is regulated, by the 
thread and nipple and washer at the rim. 

Rime. Steel rims are either hollow or solid, 
and are adapted for the diffcrent brands of tyres. 
A rim joint, when placed exactly opposite the 
tyre valve: can be made to balance it, and such 
a rim can be manufactured without heat. 

Tyres. The pneumatic tyre consists of three 

ions: (a) The inner tube, made of rubber, 
ightly vulcanised and provided with a valve 
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§ Head adjusta 
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17) Axle wnt 


hub in its centre at its 
proper height, and then 
e 


taking t required 
length. 

Spacing the Front 
Spokes. The spokes 


are built into the wheel 
in the following manner. 
For a 32-spoke wheel 
mark two holes in the 
rim, leaving nine apart. 
Thread the ends of four 
spokes, gpd try them,in 
position. Screw up the 
nipples till the hub is 
held. exactly in the 
centre of the rim. Here 
we shall be able to see 
if we have measured 
with precision, for the 
spoke should not project 
beyond the rim; also, 
if threaded for the 
proper length, no threads 
will show beyond the 
nipple. If any altera- 
tion is necessary, we 
shall be able to make 
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top expander cone 


whereby the tyre may be inflated and retain 
the air pumped in—this valve passes through 
the other portions of the tyre and the rim ; (b) 
the fabric on which (c) he outer vuicanised 
cover is mounted. These last two portions are 
solutioned together. Single-tube tyres have no 
distinct inner tube. 

The tread of the outer cover varies from the 
mere strip of the racing tyre to the heavy tread 
of the roadstcr. Tyres may be retained by 
wires or by a beaded edge. 

Building the Wheels. The number of 
spokes in a rear wheel is usually 40, while 32 
suffices for the front whee]. There are mechanical 
contrivances for spacing the spoke holes in a 
rim, or they may be taken off from a spacing 
board or from an old wheel. The holes are then 
drilled, the delicate rim being properly sup- 
ported, and the burr round the holes removed 
with a half-round file. The spokes are cut off 
to correct length. This is found by laying the 
rim on a level surface, and supporting the 


3776 


4) Reversible hawdle bar collar 


space apart as before, 
and so on till the whevl 1s built. 
Spacing the Hind Spokes. The 4( 
spokes for this wheel are first spaced by placing 
two spokes in the hub flange six holes apart, 
one with head inside and the other outside ; the 
spokes are crossed, and reach the rim one hole 
apart. Miss two holes in the hub flenge below 
each of the first spokes, and repeat the operation 
as before. The fifth spoke leaves the hub with 
one hole between it and the next, and runs in 
the same direction as the spoke from which it 
was spaced on the hub, and ata to the rim, 
entering the samc three holes from its fellow. 
Complete the whole of one side first by putting 
10 spokes in one direction. The remaining eight 
spokes running from the same hub flange are 
laced in the opposite direction, and crossed as 
fore mentioned. The other hub flange, with 
its 16 spokes, is similarly treated. 
Wheel Truth. The wheels are trued by 
the careful tightening or slackening of the 
nipples. Not only have we to see that the rim 


is equidistant all 
round its circumfer- 
ence from the centre, 
but that its two faces 
lie in parallel planes. 
To cure a defect in 
circularity the spoke 
at the fault and 
directly opposite is 
pr hans 

rame Building. 
We shall ng that 
on outline drawing of 
the frame has been 
made, preferably on a 
shect of metal, so as 
to test the true rela- 
tionship of the parts 
while hot, and in 
order that we may 
know the exact length 
of the tubes before 
brazing in the lugs. 

The Compo- 
nents. Before con- 
structing the frame 
we shall need, beside 
our lengths of tubing, 
m set of components 
which are as follows : 

1. The front wheel 
bub. 

2. The back wheel 
hub, with chain-wheel. 

3. The crank brac- 
ket, with cranks, axle 
and chain-wheel. 

4. The head tube, 
with its top and 
bottom lugs and ball 
reces; front fork 
crown, lamp bracket, 
etc. 

5. Pair of pedals. 

6. Chain stay 
bridge. 

7. Chain stay ends. 

8. Back fork bridge. 

9. Back fork eyes. 

10. Seat lug. 


These and the other numerous parte of a4 
modern bicycle are illustrated in 69 and 70. We 
have selected the parts of a Rudge-Whitworth 


bicycle as typical. 
Chain Stays. 


Back Forks. 
eyes are then fitted 
brazed. 


The chain stays, with their brazed-in ends are 
tried to the back wheel and spindle to see that 


8 28 


The chain stays are cut to 
length, so that with the short bridge tubes (those 
running from the bridge to the crank bracket) 
and the bridge in position we shall have not less 
than } in. between the tyre and the inside of the 
bridge, the back wheel spindle being at the 
commencement of the slot. The chain stay ends 
are brazed to the chain stays, and the short 
bridge tubes are brazed to the bridge lugs. 

The seat lug, or back fork 
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block 103, Cable brake fulcrum 104. Brake shoe bolt 105. Cable brake snail 106. Brake shoe nut 107. Cable 
brake cover plate acrew 108, Cable snail uipple = 100. Back brake head rod 110, Cublg bruke tubtiler guide 
1ti. Cable bottom tube clip 12. Cable brake cover plate screw 11. Cable brake cover plate 14 Cable brake 
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146. Back forket guide 147. Fork and chain satay clipbolt 148. Mudguard fork «pring 14 Frontimudguard 160 Mack 
brake head tube 15]. Hub iwbricator 142. Mudguard stay spring 154 Front mudguard atay 104. Front forket rod 
155. Btep 156. Front forket for rolling lever brake 157 Back wheel «pindia 158 Hub adjusting cone 1b Back hub 
160. Back hubend 161, Fixed chatu ring washer 162 Hub fixed cone 143. Wheelapindlennt 16) Fiaed wheel 
chain ring 165. Brake yoke 166. Front forket guide 167. Rolling brake lever 164 Dwaifbrake lever 100) Dwarf 
brake lever clip nut 170. Dwarf brake lever clip bolt = 17) Forket guide nut 172) Dwul bake lever cll 

173° Rolling brake lever (stance piece 174, Ralling brake lever ) washer 175. Hub adjusting cone 176) Fiont hub 
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196. Front brake forket and moderator stud 187) Cable brake inoderator apuing box 168. Brake block 187, Rolling 

brake Jever nut 140. Rolling brake lever clip 191 Rolling brake lever fulerum 172 Cable brake modertor stud 


the stay end faces are parallel, and that the stay 
lines correctly each side of the wheel. But only 
the trying should be conducted with the wheel in 
position, as any attempt to adjust any error 
will injure the parte. The necessary alterations 
should be made at the bench, and it is a safe rule 
to remember that a tube must be gripped or a 
blow given by something svfter in nature than 
the part undergoing the operation. Tube clamps 
are therefore constructed of hard wood, and a 
wooden mallet must be used in most cases. 


Fitting up the Frame. Tlie bottom 
head lug has the head and bottom tubes fitted to 
it, and as the bottom tube butts right on to the 
head tube inside the lug, a piece must be hollowed 
out to allow of the two tubes being brought. 
close together. We next place in position the top 
head lug and into it fit the top tube, hollowing 
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to the back forks, and 


ont the latter m the same manner as the bottom 
tube. Knock on the crank bracket, and into it 
the seat tube; lastiy, fit the seat lug in posi- 
tion, hollowing out having been at the 
end of the top tube, where it touches the seat tube 
and the end of the bottom tube to miss the end 
of the seat tube. Therefore both bottom and 
top tubes are hollowed at each end. 

The Use of the Mandrel. If a 
tube be too small for its lug we force the tube 
gradually on to a mandre! held in the vice. The 
tube should be revolved as it is knocked forwards 
in order that the enlargement required may be 
performed equally all round. A_ caulking 
chisel is also used to ensure that the lug shall 
fit absolutely all round its tube. 

Brazing. Being quite sure that the frame 
follows accurately the drawing as regards every 
measurement, and that the various angles formed 
by the tubes with one another are as drawn, we 
may proceed to braze the frame together. 
Brazing is a process effected by means of an 
internal charge of brass or spelter and borax. 
During the heating, brazing pegs are inserted 
at the joints. Parts, such as threads, where it 
is necessary that the brazing mixture should 
not run, are coated with blacklead. Care must 
be taken not to burn or overheat the tube. 
Where the tube has not an outlet, a tiny hole 
must be punched to allow of the escape of 
heated air. Brazing is also effected by steeping 
the specially prepared frame in a vat of molten 
brass. 

Completing the Chain Stays. The 
bridge with its short tubes and the two 
stays with their ends are first fitted and then 
brazed together with the back wheel spindle in 
position to give them their proper relationship, 
after which they are united to the proper lugs 
on the bottom or crank bracket. While brazing 
the stays into the crank bracket we must tic 
the frame from the spindle to the seat lug. 
If the back stays are of the detachable variety, 
it will be convenient to bolt one in position. 

Teating the Chain Line. Clean out 
the crank bracket, and place the cups and 
spindle in position, and fit on the bracket chain 
whee]. Then, place the hind wheel in position 
with its cham wheel, and place a straightedge 
along the faces of each of the chain wheels. 

Building the Front Forks. The 
fork ends may be either slotted or drilled for 
the front wheel spindle ; the former method is 
best, as it prevents springing in the spindle. 
Clean out the slots or holes and braze on the ends. 
Having allowed for the } in. clearance, as in the 
chain stays, for the wheel, braze on the fork 
crown, The fork stem is then brazed to the 
crown. Care should be taken that each fork 
blade is exactly the same length, that the side 
clearance from the rim is the same, and that it 
unites with the stem exactly as marked out on 
the drawing. The side and front view of a com- 
plete pair of front forks is shown in 66 and 87. 

Handiebarsa. The handlebars may be 
fitted to the handiebar stem by a lap joint or a 
jug. The lap joint is merely roand 
the centre of the bar and brazed; but with the 
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lug we have a strong and neat fixing such as 
is used in the frame vee, 

The Seat Pillar. The geat pillar hos 
an alternative fixing, as the handlebars, and we 
must be careful to see that it forms a similar 
rad to that formed by the top and down 
tubes. 

Testing the Frame. Too much atten- 
tion cannot be given to making absolutely sure 
pot the frame is hier = pica gga the 

awing in ev etai overall 
length and siuplse: boing as set out. The wheels 
are correct before mounting in the frame; and 
we must test our work to see that they are 
centrally placed. Another important matter is 
that the centre line of each of the tubes lies in 
the same plane. A straightedge placed on the 
face of the bottom bracket at one end should 
be parallel to the edge of the tube up which it is 
placed, the space between the straightedge and 
tube being tried by a pair of inside callipers. 
After the testing has been completed and the 
frame found correct, it is filed up and cleaned 
with emery. 

Plating and Enamelling. The parts 
usually plated are the handlebars, seat-pillar, 
front fork crown, fork tips, chain wheel, cranks, 
pedala, spokes, wheel rims, and all nuts. Plated 
parts are finished with the polisher’s bob, so 
that except in corners where the bob could not 
reach we need not trouble about much high 
finish 

Enamelled parts must be carefully finished 
with emery, and the better the surface the better 
finish will the enamelier be enabled to produce. 
Being quite sure that the parts are free from 
grease, the tubes are given a coat of enamel, 
either by dipping or by hand. The surplus 
having been removed, the frame is hung up in 
an oven and subjected to a temperature of about 
350° for a couple of hours. This coat is flatted 
with pumice dust and the enamelling and 
heating repeated A third coat gives a better 
finish. 


Assembling the Finished Parts. 
We first proceed to fit up the bottom bracket, 
taking care to protect the freshly-enamelled 
frame. When the cones, balls and axle are 
in position we proceed to fit on the cranks, 
driving up the cotter pins securing them with 
the nut provided for the purpose. The head is 
then fitted up with the balls in their respective 
races, and the handlebar clip, lamp-bracket, 
and lock nut placed in position. wheels 
are then put in, care being taken before final 
adjustment to see that they track. A properly 
fitting chain allows about } in. play of the cranks. 
Then we fix on the m and brake, of 
whatever pattern used, the seat pillar with 
ite saddle, and, lastly, the gear case if used ; 
and if a lady's machine, a dress guard. 

Bearings. One of the most important 
factors in deciding the sweet running of a 
cycle is the design of the bearmgs and their 
lubrication. A bearing is to be found wherever 
movement lage — as the wheel, crank pit 

axles, r many t 
are and have been—ball eatlege.. aon ee 


Bali Bearings. A ball bearing consists 
of a series of steel balls working in a race, which 
is formed between a cone on the one hand and 
an encircling cup on the other. In a plain 
bearing these two surfaces would work directly 
on one another; but in ball bearings we have 
the friction transforred to the small pointe on 
the surface of the balls, and rolling friction 
substituted for sliding friction. 


Types of Bearings. Bearings may be 
classified according to their type or method 
of adjustment. The balls of the bearings 
work between a cone, fixed generally to the 
axle, and a cup screwing into a corresponding 

of the machine. In the crank bracket the 
cone is affixed to the crank axle and revolves 
with it, while the cup is screwed into the shell 
of the bracket and remains stationary. In 
the wheels this is reversed ; the axle and cones 
are fixed and the two cups revolve. 


Adjustment Variations. Bearings are 
either cone or disc adjusting. In a cone 
variety hub the cups wre fixed into the case 
of the hub. One cone 1s attached permanently 
to the hub axle, while that on the other side is 
threaded on so that it is capable of adjustment 
and at the same time allows of the passage of 
the balls to and from the ball race when required. 


Fitting Up aé Ball Bearing. It 
will be readily understood that by sliding 
the axle in the hub and by unscrewing the 
movable cone, the balls may be slipped in. 
In putting the bearing together the side with 
the fixed cone would be inserted first. Then, 
after holding that up to its place and turning 
the wheel over, the other side is found with 
the movable cone projecting out ready for the 
balls, after the insertion of which the cone is 
screwed up into position. 


Disc Adjustment. In the disc adjust- 
ment bearing or cup adjustment, ay it is 
sometimes called, we have a fixed cone on cach 
end of the axle. The cups screw bodily into 
the case of the bearing. 


Width of Bearings. In the cone type 
of bearing the cones are outside the cups, 
while in the disc type the cones are inside. 
It is well to point out that the distance between 
the ball races, and consequently the width 
apart of the bearings, should be as wide as 
possible to resist the one-sided strain that we 
get in the chain-driven bicycle. The disc 
adjusting type gives a slightly greater width 
of bearing, and where it is used in the bottom 
bracket, it is a good plan if the bracket chain 
wheel can be dished inwards towards the centre, 
thus bringing the strain more central—nearer 
the ideal position of the driving chain. 

Accessories. By accessories we include 
such items as the saddle and tool bag, lamp, 
bell or horn, tools such as spanners, oil-can, 
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inflator, luggage carrier, repairing outfit, trouser 
and toe-clips. 

Saddle. There are many forms of saddles, 
and they are made to suit any purse. A good 
saddle should be made from selected leather, be 
adjusted to allow the cyclist to rest on the broad 
part and reach the handlebars and pedals 
without ay suspicion of stretching. It should 
be mounted on springs that with their elasticity 
wil] prevent bouncing on the one hand and a 
hard seat on the other. The peak is merely to 
retain the rider from getting away from his 
proper seating, and is not meant to receive any 
great strain. There are special forms of saddles 
for racing men which give great freedom of action, 
and the most fastidious can choose various 
types of hygienic saddles. Means are provided 
for taking up the slack, should the saddle 
through exposure and heavy usage warrant it, 
and the judicious application of occasional 
dressing will all help to lengthon the life of that 
part of the machine which, with the tyres, gives 
comfort to the cyclist as he rides. 

Lamps. Most cyclists use the oil lamp, but 
acetylene gos gives a far more powerful light. 
Candle lamps are also manufactured. To burn 
well, a lamp should be kept thoroughly clean. 
This is especially the case in a gas lamp. A 
cheap lamp is no economy, for a light is a legal 
necessity at night, 80 we muat pay a fair price 
if we are to expect a lamp that will keep alight 
in the roughest weather and always to be 
depended on. 

The Tricycle. The tricycle is a slower 
and heavier machine but free from side slip. 
The one essential difference, apart from the 
number of wheels, is the presence of the balance 
or differential gear on the hind axle, which allows 
of the outer wheel revolving at a greater speed 
than the inner one, a necessity when rounding 
& curve, 

The Modern Use of the Tricycle. 
The tricycle is now chiefly used as a carrier [68], 
having a box of varying descriptions mounted 
in the frame. The box may be on the front 
axle with the handlebar fixed to the top back 
rai) of the body, or on the hind axle, when the 
steering is usually effected by stirrup handles. 
In a bicycle carrier small boxes are fitted each 
side of the hind wheel. 

Tandems. The tandem frame [62] is con- 
structed practically under the same conditions 
us the bicycle frame, and is arranged for a 
lady either front or behind, or with both seats 
for men. The tubing used is of a heavier 
gauge, and we have another set of chain und 
hack stayr, down and top tubes, to provide as 
well as the extra handicbar and stem, #ecat- 
pillar, bracket, chain wheel and chain. Other 
multiseated types are used for path pacing, but 
are being discontinued owing to the advent of 
the motor bicycie. 


Continued 
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26 A Note on Comparative Literature. American Writers, Ancient and Foreign 


Qoutinued from 
page 3550 


Classics for English Readers, Books that Must, May, and Need Not be Read 





By J. A. HAMMERTON 


WHat is technically known as “ comparative 
literature ”’ is a vitalising factor in inter- 
national goodwill and the fellowship of nations. 
To know only the literature of our own country 
is no small thing, but we must know also some- 
thing of the other literatures, else we are in much 
the same position as the man who has travelled 
throughout these green islands of our race and 
has never set foot on foreign soil. He is the 
least competent person to tell us of his own 
land, lacking as he does all standards of com- 
parison. The reader who knows only his 
national literature is not quite so insular, since 
he has at least spent time in the company 
of writers who, for the most part, reflect a uni- 
versahty of culture ; but it behoves the serious 
atudent to acquire some knowledge of foreign 
literature, preferably in the original, even if 
his linguistic attainments be limited to one 
foreign language—French or German. There 
is, however, an abundance of good translations. 
Thus, many ot the best novels of recent years 
have come to us from France, Germany, Russia, 
and Italy. Some of the soundest criticisms of 
English literature are the work of French writers. 
In the study of comparative literature, the French 
are undeniably in advance of ourselves; and a 
short time ago a most useful treatise on the subject 
was written by M. Frédéric Loli¢e. This has 
been translated by Mr. Douglas Power, M.A., 
and published under the title of “A Short 
History of Comparative Literature from tho 
Earliest Times to the Present Day ” (Hodder & 
Stoughton. 6s.). There can be no doubt, of 
course, that it is best to read a foreign book in 
the language in which it was originally written ; 
but the reader's knowledge of that lauguage 
must be a competent knowledge. Where this is 
lacking, competent translators are the more 
desirable from every point of view. The English 
Bible 18 a translation, so we may well accept 
Homer at second hand. 


AMERICAN LITERATURE 


Although it is true in the main that American 
literature is only a province of English literature, 
we have not dealt with American writers in our pre- 
ceding studies, reserving them for separate notice. 
Apart from the: influences of environment, the 
sources of American literature may be truthfully 
described as English and German. In America, of 
recent years there has been a much greater study 
of the Greek and Roman classics, while Trans- 
atlantic scholarship is rivalling that of England, 
ra hari in regard to the literature of the 

izabethan period. We must now pass in review 
the names of those American authors with whose 
work every English reader should be acquainted. 


3780 


Poetry. In poetry, the outstanding names 
are those of Wim CULLEN BRYANT 
(b. 1794; d. 1878); RatpH Waxtpo Emes- 
son (b. 1803; d. 1882); Henry Waps- 
worRTH LONGFELLOW (b. 1807; d. 1882) ; JonN 
GREENLEAF Wuittier (b. 1807; d. 1892); 
Epe@ar ALLEN Pox (b. 1809; d. 1849); OLIVER 
WeENDELL Hotmss (b. 1809; d. 1804); Watr 
Wuitman (b. 1819; d. 1892); James RUSSELL 
LowE 1 (b. 1819; d. 1891) ; CHartEs GoDFREY 
LELAND (b. 1824; d. 1903); RicHarp HEnry 
STODDARD (b. 1825; d. 1903); Bayvarp TayLor 
(b. 1825; d. 1878); Francis Bret Harte 
(b. 1839; d. 1902); James Wuitooms RILEY 
(b. 1853); and Crncinnatus Hiner MILuUER 
(‘ Joaquin Miller”) (b. 1841). A number of 
these poets are no less, and some are more, 
distinguished as prose writers. 


Prose Fiction. American prose is charac- 
terised by much didacticism ; its earliest ex- 
se bear the impress of Steele and Addison 
and the Puritan divines. In its later phases it 
has, however, lacked neither fancy nor humour, 
the humour being especially racy of the soil. 
Perhaps no name more representative of Ameri- 
can letters could be mentioned than that of 
“Mark Twain,’ SamMuEL LANGHORNE CLEMENS 
(b. 1835), who is essentially a humorist, with 
& vein of seriousness cropping out at times above 
the surface of his humour. The short story 
has been brought nearer to perfection in America 
than it has in England. Taking the writers of 
fiction in chronological order, the following may 

accepted as representative: JamEs FEni- 
MORE CoorER (b. 1789; d. 1851), author of 
“The Last of the Mohicans” and other tales of 
Red Indian life; Natuanizn HawtTHORNE 
(b. 1804; d. 1864), author of “ The Scarlet 
Letter” ; OtiIveR WENDELL HoLMgEs, author of 
‘Elsie Venner”; Epcar ALLEN Por, an 
absolute master of the short story; Hagagizt 
Brrecuer Stowe (b. 1811; d. 1896), author of 
“Uncle Tom’s Cabin”; Francis RICHARD 
StocKTON (b. 1832 ; d. 1902), author of “‘ Rudder 
Grange”’; THomas Baitry Avpricn (b. 1836), 
whose “ Queen of Sheba ”’ is one of the greatest 
of short stories; Wittiam Dean Howe ts (b. 
1837), who shares with Henry James (b. 1843) 
the honour of being at the head of living Ameri- 
can novelists, much as Meredith and Hardy 
are prominent in England; Gzoraz WasHIne- 
TON CaBLE (b. 1844), the author of “Old 
Creole Days ”; Joxt CHANDLER Hagzis (“* Uncle 
Remus ’’) (b. 1848); Francis Marion Craw- 
FORD (b. 1854), who, though born in Italy, and 
devoting his talents to the description of Italian 
life, may be ranked as an Am £ROLD 
GERTRUDE 


erican ; H 
FREDERIO (b. 1856; d. 1898); 


AtnEeRTON ; and Epirh Warton (b. 1862), 
whose “Valley of Decision” and ‘ House of 
Mirth’ are among the best examples of the 
novel, while her tale ‘‘ The Descent of Man”’ 
shows her to be one of the best of short story 
writers now living. 

Criticiem and Philosophy. Of American 
essayists, critics, and philosophers, much might 
be written, especially of BENJAMIN FRANKLIN 
(b. 1706 ; d. 1790) ; Wasnineron Irvine (b. 1783 ; 
d. 1859); RatpH Watpo EmeErson; JAMES 
Russe_u LOWELL ; OLIVER WENDELL HoLMEs ; 
and Henry Davin Tooregau (b. 1817 ; d. 1862). 
Of more recent writers, in addition to W. D. 
Howeits and Henry Jamgs, may be cited 
Epwakp Everett Hae (b. 1822); Tuomas 
Wentwortu Hicarnson (b. 1823); CHARLES 
Exior Norton (b. 1827); Wriut1am JAMES 
Ro.¥Fe (b. 1827); WrLtuiamM WINTER (b. 18386) ; 
HaMILTONWRIUHT MABIE (b. 1846) ; and AGNES 
REPFLIER (b. 1851). 

Science and History. In the world 
of science the name of the Swiss naturalist, 
JEAN Lovis RupoupHe Auassiz (b. 1807; 
d. 1873), may be claimed as American. 
American historians of note include GroraE 
Bancrorr (b. 1800; d. 1891); Joun Loruror 
Mortiey (b. 1814; d. 1877); Wi.i1am Hick- 
LING Prescott (b. 1796 ; d 1859) ; and Grorue 
Ticknor (b. 1791; d. 1871), whose ‘“ History 
of Spanish Literature ”’ is one of the best works 
on that difficult subject. Some acquaintance 
with the works of every writer named is desirable 
in anyone who would be considered ‘‘ well read.” 


ANCIENT CLASSICS 


Greek Literature. An excellent little 
primer on the “ History of Greek Literature ” 
1s that by Sir Richard Jebb (Macmillan. 1s.). 
The study will be the more profitable if it 
is made supplementary to a study of the 
history of Greece, for which purpose we 
would commend W. Smith’s “Student’s Manual 
of Greek History ” (Murray. 7s. 6d.). One 
further point has to be borne in mind, and 
that is the importance of a knowledge of 
mythology. This in itself is a wide subject, 
but some acquaintance with it is a primary 
essential for all who wish to understand the 
language of the classics, modern as well as 
ancient. There is a useful little handbook of 
mythology by Thomas Bullfinch (Routledgo. 1s.). 

The student’s next concern will be with 
particular authors: Homer, the father of the 
cpic; Hesiod, poet of men as Homer was 
poet of the gods; Theocritus, the writer of 
idylls; Pindar, the lyric poct; Machylus, 
Sophocles, Euripides, the writers of tragedics ; 
Aristophanes, the writer of comedies; Plato 
and Aristotle, the philosophers; Xenophon, 
Plutarch, Thucydides, and Herodotus, the 
historians ; Demosthenes, the orator ; Lucian, 
the satirist ; and others. We know of no better 
mtroductions to the study of these masters than 
the “ Ancient Classics for English Readers ” 
(Blackwood. 28 vols., 2s. 6d. each). Of the 
“Tliad ’ and the “ Odyssey” of Homer, Chap- 
man’s versions still maintain a general ex- 
“ellence despite many rivals; and one may 


LITERATURE 


here commend Gladstone's primer on Homer 
(Macmillan. 1s.). For texts and translations of 
the other writers we must refer the student to 
the catalogues of Messrs. Frowde, Clay, Mac- 
millan, and Bell. 

Latin Literature. We know of no better 
introduction to the study of Latin litera- 
ture than the manual by Professor J. W. 
Mackail (Murray. 3s. 6d.). But A. S. Wilkins’s 
little primer (Macmillan. 1s.) and Smith’s 
““Student’s Rome” (Murray. 7%. 6d.) will 
prove mort helpful. To come to particular 
works: the philosophical poetry of Lucretius ; 
the lyrics of Catullus ; the orations of Cicero ; 
the epic strains of Virgil; the odes and satires 
of Horace ; the voluminous verse of Ovid; the 
histories of Caesar, Livy, Tacitus, Sallust and 
Suctonius; tho satires of Porsius, Juvenal, and 
Apuleius; the philosophical writings and plays 
of the younger Beason: the comedies of Plautus ; 
the natural history of the elder Pliny; the 
epistles of the youngor Pliny ; the en of 
Martial; the rhetoric of Quintilian; tho 
writings of Tertullian, the first of the Latin 
Fathers—these, one and all, may well claim 
patient study. Apart from the catalogues of 
the educational publishers already mentioned, 
J. E. B. Mayor’s “ Bibliographic Clue to Latin 
Literature ”’ will be found of material assistance 
to the student, whether the quest be a sound 
text or a competent translation. 


FOREIGN CLASSICS 


Italy. After a good grounding in the 
literature of Greeco and Rome, the student will 
turn naturally to the literature of modern 
Italy, beginning with Dante, whose ‘ Divine 
Comedy,” written at the opening of the four- 
teenth century, links the ancient with the modern 
world, and marks the beginning of what is 
called the Rennissance. As a nuclous of this 
study, Richard Garnett’s “ History of Italian 
Literature’ (Heinemann. 68.) and Lewis 
Einstein’s ‘‘ The Italian Renaissance in England ” 
(Macmillan) could not be improved upon, and 
much help through the tangled mazo of an im- 
portant period of European development will bo 
derived from the abstract of John Addington 
Symonds’s colossal history of ‘The Renaissance 
in Italy,” written by Alfred Pearson (Smith, Elder. 
7#.6d.). One may trace tho line of Itahan literary 
development from Dante through the poctry of 
Petrarch, Ariosto, Guarini, Tasso, Marini, Allfier), 
Monti, Manzoni, Leopardi, Metastasio, Carducc), 
and Rossetti ; the tales and novels of Boccaccio, 
Bandello, Manzoni, Gabriele d’Annunzio, Verga, 
Fogazzaro, and Mathilde Serao ; and the prose 
of Machiavelli, Guicciardini, Castiglione, Ben- 
venuto Cellini, Bruno, Leopardi, Silvio Pellico, 
and Villar1. 

France. French literature is, from ao 
strictly literary standpoint, of the first import- 
ance. One can have no more reliable guide 
in this study than Professor Dowden’s hand- 
book (Heinemann. 6s.) or Professor Saints- 
bury’s “Short History’ of French Literature ” 
(Clarendon Press. 10s. 6d.). Leaving “ tho 
shores of old romance” sacred to such works 
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a8 the “ Chanson de Roeland” and the ‘“‘ Roman 
de la Rose,” we may briefly indicate the vast 
stores of literary wealth in the language of 
our nearest neighbours by mentioning the 
histories of Froissart, De Comines, erry, 
Guizot, Thiers, Michelet, and de Tocqueville ; 
the poetry of Villon, Ronsard, Malherbe, La- 
fontaine, pointer rae ta aoa oe 
Béranger, 0, r usset, Leconte 
Lisle, Booudelaire, Théophile Gautier, Sully 
Prudhomme, and Frangois Coppée ;_ the wit of 
Rabelais, Voltaire, la Rochefoucauld, Chamfort, 
Marot, and Montesquieu; the philosophy of 
Montaigne, Descartes, Beyle (‘‘ Stendhal ”’), 
Rousseau, Condillac and Condorcet ; the plays 
of Corneille, Racine, Moliére, Scarron, Crébillon, 
Beaumarchais, Sardou, Hervieu and Maeterlinck; 
the thoughts of Pascal and Joubert; the 
novels and tales of Marguerite de Valois, Le 
Sage, Voltaire, Hugo, Bourget, Balzac, Boisgobey, 

vost, Dumas, Flaubert, Daudet, Zola, 
Merimée, Maupassant, the brothers De Goncourt, 
Murger, Georges Sand, Eugene Sue, Erckmann- 
Chatrian, Jules Verne, Pierre Loti, René Bazin, 
and “Gyp ”; the letters of Mme. de Sévigné, 
Mme. de Stacl, Mile. de Lespinasse, and De 
Sénancour ; the fables of Perrault and Lafon- 
taine ; the writings of Renan; the sermons of 
Bossuet, Fénelon, and Massillon ; the oratory of 
Mirabeau; the acute critical work of Sainte- 
Beuve, Boileau, Diderot, Taine, Faguet. Jusver- 
and, and Brunetiére. To the reader with a 
knowledge of the French language we would 
commend “ Blackie’s Little French Classics,” 
in which the cream of the literature is reprinted 
and carefully annotated. 

Germany. German literature is another 
vitally important section of European letters. 
It has had a profound effect on both English 
and American beat rh It is relly in abi vera 
poetry, history, philosophy, religion, fiction, 
and works for the young. The English student 
is advised to begin his study of the subject 
with two works by Professor Charles H. Herford 
—‘ Studies in the Literary Relations of Eng- 
land and Germany” (Cambridge University 
Press. 9s.) ; and “‘ A Short History of German 
Literature”? (Heinemann. 6s.). First come 
the tales of the Nibelungs and the songs 
of the Mastersingers, which form such an 
important groundwork for modern German 
music, and especially the music of Richard 
Wagner. Next in importance from a chron- 
ological standpoint come the sermons and 
other compositions in prose and verse of 
Luther, Zwingli, and their fellow reformers. 
From this standpoint may be followed the course 
of German philosophy in the writings of Leibnitz, 
Kant, Fichte, Schelling, Hegel, Herbart, Scho- 
penhauer, Von Hartmann, and Nietzsche ; 
the evolution of try and the drama in the 
works of Kio , Lessing, Wieland, Herder, 
Schiller, Goethe, Birger, Kleist, Korner, Arndt, 
Rickert, Uhland, i Wagner, Kotzebue, 
De la Motte Fouqué, Chamisso, Sudermann, 
Hauptmann ; the ical writings of Rein- 
hard, Schleiermacher, Neander, Strauss, Dollin- 
ger, Ritschl, Wellhausen, and Haeckel ; the his- 
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torical studies of Gervinus, Ranke, Niebuhr, 
Boeookh, and Mommsen; the novels and tales 
of Goethe, Tieck, Novalis, Hoffmann, Jean 
Paul Richter, Auerbach, Gustave Freytag, 
Fritz Reuter, and Gottfried Keller. The philo- 
logical and scientific writings of origin 
are far too numerous even for the barest mention. 

Spain. The literature of Spain is the 
theme of a well-written monograph by 
J. Fitzmaurice (Heinemann. 6s.) 
After consideration of the “Chronicle of the 
Cid,” the oldest epic in a Romance language, 
and the romances of chivalry, such as 
** Amadis de Gaula,” the names that the English 
student can least afford to pass over are those of 
Montemayor, Cervantes, Lope de Vega, Mendoza, 
Herrera, Calderon, Camoens, Gongora, Juan 
Valera, and Palacio Valdés. It is in particular 
with reference to the history of the drama that 
Spanish literature is worthy of study. That 
its influence on English letters has been con- 
siderable may be gleaned from ¥F.. W. Chandler's 
‘““The Picaresque Novel in Spain” and J. G. 
Underhill’s ‘‘ Spanish Literature in the England 
of the Tudors ”’ (Macmillan). 

Russia. Russian literature, as represented 
in the work of Gogol, Poushkin, Oneguin, 
Lermontoff, Dostoievsky, Turgenieff, Tolstoy, 
and Gorky, has exercised considerable influence 
on European literature generally. Charlies E. 
Turner’s “ Russian Literature"’ and ‘‘ Modern 
Russian Novelists” and Waliszewsky’s “ Russian 
Literature ” may be consulted. 

iacamapegaea dag mare is ae 
ing @ great part in ormation o 
sacders literature. The dramas of Henrik 
Ibsen and the novels and plays of Bjérnson 
Bjérnstjerne represent Norway's contribution. 
Denmark can boast the powerful literary 
criticisms of George Brandes; and Holland the 
penetrating novels of Maarten Maartens, 


WHAT TO READ 


Books that Must be Read. The 
student who has companied with us thus far 
is already acquainted with the books which we 
consider must be read by all who desire to have a 
substantial knowledge of English literature. 
Here we purpose offering no more than a few 
concluding hints. 

The obvious reply to the question, “‘ What are 
the books that must be read ?”’ is, ‘‘ The Best 
Books.” But “the best books’ for one are 
not ‘‘ the best books” for another. Remember 
‘the personal equation” of which we spoke at 
page 105. In the voice of many counsellors 
there is wisdom; but this wisdom has to be 
distilled by the person who hopes to profit 
from it. ; 

This is but one of many reasons why we 
consider the liste of “the best books” that have 
been drawn up from time to time by well- 
known men are positively harmful if taken 
as of universal application. At the same time 
it is quite obvious that, as Ruskin once wrote, 
‘a well-trained gentleman should know the 
literature of his own country and half a dozen 
classics thoroughly.” The rest may wait on 


melination, We are at least on firm ground 
in saying that the ane of qe eas educa- 
tional purposes is. likely to of the greatest 
value 1 it is based on a knowledge of Siterary 
history. The course, then, which we advise 
the student to pursue is to acquire a good 
‘ grounding ”’ in foe history, and then to 
study a good handbook to literary history such 
as the Lectures of Frederick Schlegel (a transla- 
tion of which is to be found in ‘‘ Bohn’s Library ”’) 
or the “Short History of Comparative Litera- 
ture,” by Frédéric Loliée, already mentioned. 
Of the other literary histories which he will find 
suggestive, first place may be claimed for 
Taine’s “ History of English Literature ” (trans- 
lated by H. Van Laun, and published by Chatto 
& Windus in four volumes, at 2s. net). 

The books in English that must be read by 
everyone should include the Bible; Chaucer's 
‘* Canterbury Tales ;’’ Spenser’s “ Faéry Queen ;” 
the whole of Shakespeare ; Milton’s ‘ Paradise 
Lost,” “Comus,” and the shorter poems; 
Bunyan’s “ Pilgrim’s Progress ;"’ Swift’s “* Gulli- 
ver’s Travels; Defoe’s ‘ Robinson Crusve ” 
und ‘‘ Moll Flanders ;”” Goldsmith’s “ Vicar of 
Wakefield”? and his two comedies; Sheridan’s 
plays; Byron’s “Childe Harold;” the greater 
part of Scott’s poems, Wordsworth, Keats, 
Burns, Gray, Tennyson, Browning and Swin- 
burne; Lewes’s “ History of Philosophy;” 
Gibbon’s “ Decline and Fall of the Roman 
Empire ;”” Bacon's “New Atlantis,” ‘“ Novum 
Organum,” and “ Essays ;” the Essays of Addison, 
Macaulay, Lamb and Hazlitt; Green’s “ Short 
History of England;” Carlyle’s ‘‘ Past and 
Present ’’ and “The French Revolution ;” Mill’s 
** Political Economy ;”’ Boswell’s “ Life of John- 
son ;”’ the novels of Fielding, Scott, Kingsley, 
Thackeray, Dickens, George Eliot, several of 
Trollope, Meredith and Hardy ; and in foreign 
literature Homer, Plutarch, Virgil, Horace, 
Dante, Rabelais, Cervantes, Moliére, Montaigne, 
Gioethe, Schiller, Voltaire, Hugo and Balzac. 


Books that May be Read. Here 
we pass to less certain ground, but we may 
claim that throughout our studies considerable 
care has been taken to specify, as their names 
have occurred, the works of many great writers 
which might be left entirely to the inclination 
of the general reader, though imperative 
to the student. For instance, we would 
have every “well-read” man know all the 
lest plays of the Elizabethan dramatists, as 
these are to be found in the ‘“ Mermaid Series ;”’ 
but we are far from saying that this is not 
optional to the general reader, though it is 
imperative to the student. So with such 
classics as ‘‘ The Wealth of Nations ” and “ The 
Origin of Species.” The gist of Adam Smith’s 
philosophy and of Darwin's science is absorbed 
in one’s general reading; by which we mean 
that both of these writers have so influenced 
their contemporaries and their successors that 
few intelligent people of the present day are 
ignorant of their teachings, even though they 
may not have read their works. This is no 


excuse for neglecting either ; but the man who 
has not read “ Hamlet” or ‘ Paradise Lost,” 
let us say, has an unfurnished chamber in his 
mind, and this could not with equal force be 
charged against him who had not read “ The 
Wealth of Nations ” or ‘“‘ The Origin of Species.” 
Beyond the minimum of “ Books that must 
be read,” which we have ventured to suggest 
above, the reader may be left to rove at will 
among the treasures of our literature, applyi 
such knowledge as we trust he has acqui 
in these studics. 


Books that Need Not be Read. We 
have indicated above that we do not believe in 
any “ best hundred books.” A hundred books 
that have a universal appeal could not possibly 
be named by the most ingenious and 
omnivorous reader that ever attempted tho 
task. At least forty of Lord Avebury'’s hundred 
might be left unread, and there are not more 
than ten books of Lord Acton’s hundred that any- 
one but a leisured and polyglot monk need 
trouble to open. We have already named many 
books which need not be read, and, what is 
more to the purpose, we have agreed upon certain 
methods of testing a book which should enable 
each of us for himself to decide what not to read. 
Few books are so bad as not to generate one new 
thought in the mind of the reader ; but so long as 
we can turn in a moment to any work which the 
verdict of time has placed among the great books 
of the world, we must not palter with the “un- 
placed” modern writer, unless we have for 
ourselves discovered that he has something to 
tell us for which we are the better, or which 
we want to know. Above all, while we have 
tastes in certain directions, let ua develop 
these. Thus, if we delight in history, do not 
let us waste one moment with Maine's * Ancient 
Law” merely because Lord Acton thought that 
one of the hundred best books. Let us get 
through with Gibbon—a glorious task—although 
Lord Acton found no place for “The Decline 
and Fall” in his amazing list. Finally, in 
history and science no book need be read whoxe 
author is known to be untrustworthy ; in philo- 
sophy none that has not been accepted by the 
mass of thinkers; in religion, none whose author 
has not been noted for sincerity, and who could 
not have said with Whitman: 


** Camerado, this is no book, 
Who touches this touches a man ;’ 


in biography, no book that is not the work of a 
writer noted for his care no Jess than his sym- 

thy and literary grace; in poetry, none that 
has not touched the heart of u gencration, or 
awakened the enthusiasm of the most culturgd ; 
in fiction, nothing that is not in the estimation 
of honest criticism informed with real character, 
fidelity to life, and charm of style, no matter 
how widely it may have been sold or is selling. 
All such excluded, there will still remain a 
sufficient number of great and enduring works 
of literature to occupy the most insatiable 
reader throughout a fairly Jong life ! 


Literature concluded 
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Group 18 
LANGUAGES 


ITALIAN—FRENCH—GERMAN—SPANISH 


98 Stalian by F. de Feo; French by L. A. Sarbé, B.A.; German by P. G. 
Konoéy and Dr. Osten; Spanish by A. de Alberti and H. S. Duncen 





[ITALIAN “orssm By Francesco de Feo | 


PERSONAL PRONOUNS—continued 


Conjfunctive Forma. The forms me, a 
me, te, a te, not, a not, etc., are used when 
emphasis is laid on the pronouns; but when 
the pronoun is of secondary importance in the 
sentence, which is nearly always the case, the 
following forms must be used : 


mt for me, a me, me, to me 

tt ,, ¢e, @ te, thee, to thee 
cig, NOt, & NOt, us, to Us 

vw §=,, YO, @ el, you, to you 

at —Stié«,:«0, @ @@, himself, to himself, etc. 
gu =, a dust, a eso, to him (to it) 
le », @ let, a esaa, to her (to it) 
4oro ,, @ loro, to them 

lo =, _ tut, esso, him (it) 

la  ,, tet, essa, her (it) 

le ,», loro, eset, them 

le  ,, loro, esee, them 


The student should here observe the forms : 
ne (some, any) = of him, of it, from it, etc. 
ci, vt (there) = in it, in them, etc. 

Note. The forms mi, ti, wt, lo, la may be 
written m’, t’, v [, l before any vowel ; ct may 
be written c’ only before e and +. The above 
forms of pronoun are, as a rule, placed before 
the verb, except loro, which is  peniglotd aced 
after it. In compound tenses they precede the 
auxiliary, and in negative sentences they are 

laced between the negative and the verb. 
exceptions to this rule will be given below. 

Examples : 

To ui vedo, I see thee. 

Io tt parlo, I 5 ere to thee. 

V’invsterod, I shall invite you. 

Ve dard, T'will give (to) you. 

Ci mostrarono, they showed (to) us. 

C” é, non c’ é, there is, there is not. 

Ne ho gran riepetto, I have a great respect 
m. 

8. L’ avete comprato ? Have you bought it ? 

®. Ls avete venduts ? Have you sold them ? 

10. Non le abbsamo vedute, We have not seen 
them. 

11. Ho parlato dora, I have spoken to them. 

12. Gk Le paviatc: I have spoken to him. 

Norz. Gi may be used also for loro: Gu 
hanno dalo un buon cotmpio, They have set him 


(er them) a good example. 
Omserve examples (8, 8, 10) 
object 


TE tm 99 bo 
E: 


fo 


that the a with the 

past participle agrees 

alg mre bie is B before the verb. A 
past participle that the object is invari- 
able. Example: Avete spediio le lettere? Si, 
le ho spedtte. 


Exerrcisr XXV. 

1. Li incontreremo. 2. Ci daranno. 3. Gli 
mandarono. 4. Che cosa (what) vi ha detto ? 
5. Che cosa gli avete risposto? 6. Dove sonc 
i fiori che abbiamo raccolti? 7. Li ho messi 
nell’acqua. 8. A (as soon as) lo vedré, gli 

lerd di te. 9. L’ho veduto dalla finestra e 
“ho chiamato ad alta voce due volte, ma non 
mihasentito. 10. La Maria ci disse che sarebbe 
andata in Italia quest’anno. 11. Evei hanno 
comprato un mucchio di Hbri; li hanno letti e 
riletti, ma son sicuro che non ne hanno capito 


niente. 
Exugcise XXXVI. 


1. Quanto (how much) avete pagato codesti 
guanti? 2. Li ho pagati un po’ caro, ma sono 
di una qualita eccellente. 3. Li.avete trovati in 
casa? 4. Lei si, ma non lui. 5. Quando mi 
darete quello che m’avete tante volte promesso ? 
6. Se mi date dei giocattoli io sardé buono. 7. 
Avete pit carta da léttere? Voglio (I wish) 
scrivere al mio libraio che mi mandi i libri che gli 
ho ordinati. 8. Mi dispiace (J am sorry), non 
ne ho piu; vi ho dato tutta la carta che mi 
restava. 9. Non fa niente, gli scriverd pit 


tardi. 
VERBS—continued 
Second Conjugation. Infinitive in gre 
(long) or ¢ére (short). Examples: femére, to 
; crédere, to believe. We shall here give 
the full conjugation of the verb crédere only, 
as @ model for the verbs of the secand con- 
jugation, since the only difference consists in 
the length of the infinitive. This difference, 
however, is very important, and care should 
be taken to distinguish whether the accent falls 
on the penultimate (on the termination) or on 
the antepenudtsmate (on the stem). Those who 
know Latin will notice that some verbs have 
displaced their accent in passing from one 
language imto the other. Example: Latin 
cadére, Italian cadére (to fall). We shall here 
always indicate where the accent falls, 


Credere, to believe 
InpicaTivE Moop 


Present 

I believe, etc. ‘ We believe, ete. 
credo credsamod 
creds oredete 
crede crédouo 

Past Indefinite 
I have believed, etc. We have believed, etc. 
ho creduto abbiamo creduto 
has creduto avete creduto 
ha credulo hanno creduto 


I 

I believed, ote. We Lelieved, ote. 
credevo credevamo 
credevt credevate 
credeva credévano 

First Pluperfect 
I had believed, etc. We had believed, ete. 
avevo creduto avevamo creduto 
avevi creduto avevate creduto 
aveva creduto avévano creduto 

Past Definite 
I believed, ete. We believed, etc. 
credeéi, -etti credemmea 
credeatt credeste 
credé, -ette credérono, -éltero 


Second Pluperfect 


I had believed, etc. 


We had believed, eto. 


ebbs creduto avemmo creduto 
avests creduto aveste creduto 
ebbe creduto ébbero creduto 
Future 
I shall believe, eto. We shall believe, ete. 
credero crederemo 
crederai crederete 
credera crederanno 
Future Perfect 
I shall have believed, Weshall have believed, 
ete, ete. 


avro cred uto 
avrat creduto 
arra creduto 


avremo creduto 
avrete credutu 
avranno creduto 


IMPERATIVE Moop 
Present 


Believe, etc. 


Let us believe, ete. 
crediamo 


cred credete 
creda credano 
SvuBJUNCTIVE Moop 
Present 
That I believe, ete. That we believe, etc. 
creda credtamo 
creda credtate 
creda créedano 
Perfect 
That f have believed, That we have believed, 
etc. etc. 
abbia creduto abbiamo creduto 
abbia creduto abbiate cred uto 
abbia credutn abbiane creduto. 
Imperfect 
If I believed, ete. If we believed, ete. 
credess credéssvmo 
credeass credeate 
credease cred éssero 
Pluperfect 
If I had believed, etc. ‘If we had believed, ete. 
euvesst avéssimo cr 
@vesst credulo aveate creduto 
‘avesse creduto avéssero cr2duto 
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Conprtionat Moop 

Present 
I should believe, ete. We should believe, eto. 
crederet crederemmo 
crederests credereate 
crederebbe crederébbero 

Perfect 
I should have believed, We should have be- 

ete. lieved, etc. 

avret creduto avremmo creduto 


avreste creduto 
avrebbero creduto 


avreats creduto 
avrebbe creduto 
InFInrT1vE Moop 

Present 
crédere, to believe. 


Perfect 
aver creduto, to have believed. 


Gerund 


Present—credendo, believing 
Perfect—avendo creduto, having believed 


Participle 


Present—credente, -t, believing 
Perfect —creduto, -a, -i, -e, believed 


Exercise X XVII. 


1], Riceveremo, 2, Avete bevuto’ 3. fe 
noi perdésximo, 4, Temévano. 6. Non avréb- 
hero creduto. 6, Avreste venduto’ 7. Ven- 
deremmo. 8. Vendemmo. 9. Ha (egli) ricevuto ? 
10. Io non ho ancora ricevuto, ma riceverd. 11. 
Egli @ sempre senza danaro, eppure ne riceve 
sempre. 12. Quanto credete che egli abbia 
ricevuto ultimamente? 13, Ricevette cinquanta 


lire la settimana scorsa, ma ne riceverd 
altrettante domani. 14. Vendemmo il nostro 
giardino e venderemo pure la casa. 15. Non 


posso crédere ch’egli non abbia ricevuto il 
nostro invito. 16. Andiamo, se no perderemo 
il nostro tempo inutilmente, 17. Se non stiamo 
attenti, ho paura che perderemo quello che 
(what) abbiamo gia isla gaat: 18. Le foglie 
incominciano a cadére, 19. Quei valorosi com- 
battérono tutti fino alla morte. , 


Third Conjugation. Infinitive in -zre. 
The verbs of the third conjugation may be 
divided into three classes : 

1. Verbs in which the terminations ure added 
directly to the stem in all tenses, as: vestire, to 
dress; partire, to start. [See page 3210.) 
The verbs belonging to this class are very few. 

2, Verbs which, in the singular and in the 
third person plural of the present of the indica- 
tive, imperative, and subjunctive, insert the 
syllable tac between the stem and the termina- 
tions, as: capire, to understand ; present indica- 
tive, cap-tac-o. 

3. Verbs which can be conjugated either with 
or without the addition of the syllable tsc, as: 
nutrire, to feed; present indicative, nutro and 
mutrisco. 
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Veatire, to dress 
INDICATIVE Moop 


Present 
T dress, ete. We dress, ete. 
westo vestiamo 
veatt vestite 
veste vestono 


Past Indefinite 
I have dressed, ctc. We have dressed, etc. 


ho veatito abbiamo vestito 

hat veatito avete vestito 

ha veatito hanno veatito 
Imperfect 

I dressed, eto. We dressed, etc. 

vestivo vestivamo 

vestit vestivate 

vestiva vestivane 


Firat Pluperfect 
I had dressed, etc We had dressed, ete. 
avevo vestito avevamo vestitu 
avevt vestito avevate vestito 
aveva vestitu avévano veatito 


Past Definite 
I dressed, etc. We dressed, etc. 
vesttt vestiummo 
vestratt veatiste 
vesti vestirono 


Second Pluperfect 
I had dressed, ctc. We had dressed, etc. 
ebbt vestito avemmo vestito 
avests vestito aveste vestttu 
ebbe vestito ébbero vestito 


Future 
I shall dress, etc. We shall dress, ete. 
vestiro vestiremo 
vesttrat veatirete 
vestird vestiranno 
Future Perfect 
T shall have dressed, We shall have dressed, 
ete. etc. 


avremo vestito 
avrete vestito 
avranno vestito 


avro vestito 
avrat vestito 
ara veatito 


IMPERATIVE Moop 


Present 
Dress, etc. Let us dress, etc. 
— vestiamo 
vests vestile 
vesta vestano 
SuBJUNCTIVE Moop 
Present 
That I dress, ete. That we dress, etc. 
vesta vestsamo 
vesta vestiate 
vesta vestano 
Perfect 


That I have dressed, That we have dressed,~ 


etc. ete. 
abbia reatito abbiamo vestito 
abbia vestito abbiate veststo 
abbia vestito abbtano veatito 
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Imperfect 
Tf I dressed, ete. If we dressed, eto. 
veatisat veatissimo 
veatisst veateste 
vestiase vestissero 
Plu perfect 

If I had dressed, etc. If we had dressed, etc. 
avesst vestito avéssimo vestito 
avesst vestito aveste vestito 
avease vestito avéssero vestito 

ConpDITIONAL Moop 

Present 
T should dress, etc. We should dress, ete. 
vesttrer vesttremmo 
vestirests vesttreste 
vestirebbe vestirébbero 
Perfect 
T should have dressed, We _ should have 
ete. dressed, etc. 

avret vestito avremmo vestito 


avreste vestito 
avréebbero vestito 


avreats veatito 
avrebbe veatita 


INFINITIVE Moop 
Present 
vestire, to dress 


Perfect 
aver vestito, to have dressed 


Gerund 


Present—vestendo, dressing 
Perfect—avendo vestito, having dressed 


Participle 
Present—vestente, -t, dressing 
Perfect—veastito, -a, -1, -e, dressed 


ExERcisE XXVIII. 


1. Partiremo. 2. Se fossimo partiti. 3. Non 
aprite. 4. Sentite. 5. Se avéssero seguito. 6. 
Soffrirébbero. 7. Quella povera donna soffri 
tanto quando il figliuolo parti. 8. Se i bottegai 
¢1 servissero male avremmo ragione di andare a 
spéndere altrove. 9. Aprite la finestra, fa troppo 
caldo. 10. Partirei domani se avessi finito 1 
miei affari. 11. Questi fanciulli dérmono troppo. 
12. Appena videro il pericolo fuggirono tutti e lo 
lasciarono solo. 13. Quante volte li abbiamo 
uditi dire che erano stanchi di studiare! 14. 
Venite con me. 15. Fuggite la compagnia dei 
cattivi, e seguite l’esémpio dei buoni. 


Key to Exercisr XXIII. 


1. We have worked more than you. 2. The 
letter has been written by me and not by him. 
3. If you accompany me, I will accompany you. 
4. They always think quité the contrary of what 
they say. 5. They think they are behaving 
well, and instead they are behaving very ill. 
6. We never have anything; they keep all for 
themselves. 7. She is very kind, but not he. 
8. When we have been in need, they have always 
done much for us. 9. Thou thinkest always 
of thyself, and never thinkest of others. 10. 
A gentleman has asked for you. 


anotra wn 
poco verrd con voi. 2. Siete venuto im tempo 
noi ° di wai. 3. Credevamo 
che Sosse iui, non ie. 


lei diverse volte, ma essi non hanno mai risposto 
alle nostre léttere. 6. Chi ha rotto quel vaeo ? 
7. fo no, 4 cascato da sé. 8. A chi avete conne- 
gnate il pacco, a hui oa lei? 9. A nessuno dei due, 


4. Bisogaerebbe 3 are perché-esai non érano in case. 10. Non ao capire 
a far tutto da sé. 5. Abbiamo sorittosialuichea perohd abbia fatto a me una tale proposta. 
Continued 
FRENCH  cutinned from By Louis A. Barbe, B.A. 
VERBS—ocontinued IMPERATIVE 
Finir, to finish finis, finish jaar 
: nis, finis ou 
ee Conjugation. trial Parts: qu'tl fintsse, let him finish 
tnur, finissant, fins, fe fints, je finte. quelle fintase, let her finish 
INDICATIVE Harpe sig finish 
nsasez, finish (ye) 
Smite Tenses Compounn TENans qu’'tls finsesent, lot them (m.) finish 
Present Paat Indefintte qu’elles fintssent, let them (f.) finish 
I finish, am finishing, etc. Thave finished, ete, SuUBJUNCTIVE 
je oes } at or i Present Paat 
u fintes u as fine t I finish, That I 
il, elle finit i, elle a fini Be cee Pe uct 
nous finissons nous avons fins que je fintsse que jase fins 
vous fintssez vous avez fint — que tu finisses gue tu ates fins 
tle, elles finissent ils, elles ont fin quisl, qu'elle finisoe  —-qu’sl, qu'elle ast fini 
Imperfect Plu pergect que nous ates que nous ayons fini 
ae que vous finieatez que vous ayez fint 
I oe used to T had finished, etc. quila, qu'elles finiesent qu’ile, qu’elles asent fins 
je finiseaie Pavais fini Imperfect - Pluperfect 
tu fintesais tu avaie fini That I might finish, That {[ might have 
sl, elle finissatt sl, elle avast fini ete. finished, etc. 


nous avions fint 
vous aviez fint 
tla, elles avaient fini 


nous finissions 
vous finisarez 
tle, elles finsssarent 


Pae Definste Past Anterior 
I finished, eto. I had finished, etc, 
je finis qeus fini 
tu fins tu eus fine 
tl, elle finst tl, elle eut fini 
nous fintmes nous eimes fint. 
vous finstes vous eiites fint 
tls, elles finirent sls, elles eurent fini 

Future Future Anterior 
T shall finish, eto. I shall have finished, 
etc. 

je finiras 7 aurat fin 
tu fimirae tu auras fim 
ul, alle fimira él, elle aura fim 
nous fintrons nous aurons fint 
vous fintrez vous aurez fint 


tla, elles fintront ils, elles auront fins 


ConDITION AL 

Present Past 

I woukl finich, etc. I would have finished, 
ete. 

je fomtraie j awrais fint 
te fintraie tu auraie fim 
tl, edie finsratt sl, elle aurast fini 
nows fnersons nous aurions fim 
vous fintriez vous awriez fint 
tis, elles fineravent dis, elles auratent fint 


que je fintsse 
que tu fintssea 
qu tl, qu'elle fintt 


gue j eusse fins 
que tu eusses fint 
qu’sl, qu'elle edit fins 
que nous fintssions que nous eusarons fint 
que vous finrasiez que vous eusarez fini 
quals, quelles pniasent qu'il, qu’ elles eussent fini 
INFINITIVE 
Prenent 
fintr, to finish 
Past 
avr fini, to have finished 
PARTICIPLE 
Present 
finissant, finishing 
Paat 
fini, -e, finished 
ayant fini, having finished 

Remarks. The negative, the interogative, 
and the negative-interrogative forms bemg the 
same for al] conjugations, it is not necessary 
to repeat them. 

It 15 to be noted that all regular verbs of the 
second conjugation have the additional syllable 
iss in the present participle and in all the parts 
formed from it. 

The verb bénir, to bless, has two forms of the 

ast participle: déni, bénte and bdénit, dénite. 
Khe latter of these is apptied exclusively to 
that which is blessed or consecrated by a 
religious ceremony. 
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The verb fleurir, to blossom and to flourish, 
has two forms of the present participle, and 
of the imperfect indicative, which is formed 
from it: rissant, fleurtssats and florissant, 
seats, The second of these forms is used 
exclusively in the sense of to flourish, mcaning 
to be prosperous. 

The verb hair, to hate, drops the diswresis in 
the three persons singular of the present in- 
dicative: je hats, tu hats, il hast; and in the 
second person singular of the imperative: 
hats. It is the only verb that does not take a 
circumflex accent in the first and second persons 
plural of the past definite and the third singular 
of the imperfect subjunctive: nous havmes, 
vous haites, qu'il hait 


EXERCISE X XVI. 


1. When I was a child I was very bashful 
(honteux); I used to blush (rougir) up to the 
(jusqu’aur) eyes when anyone spoke to me 

2. The earth is never ungrateful (ingrat) ; 
it feeds (nourrtr) with (de) its fruits all those who 
cultivate it. 

3. It is not age, it is grief (le chagrin) that has 
made his hair white (blanchir). 

4. If you do not choose (chotstr) a good spot 
(un endroit) to lay (éablir) the foundation (les 
fondations) of the house, you will be obliged to 
pull it down (démolir). 

5. The shame of that action reflects (réfléchir) 
on all those who have participated (partictper a) 
in it. 

6. Amongst the trees, almond-trees (amandier) 
blossom (the) first, and medlars (néflser) last. 


7. After so many calamities (calamité) it is’ 


astonishing (é/onnant) that this country should 
be (pres. subj.) so flourishing to-day. 

8. The arms which have been blessed by (par) 
the Church are not always blessed by (de) 
heaven on the battlefield. 

9. There are men by (of) whom it is glorious 
to be hated. 

10. We (one) do not always hate those 
whom we render unhappy. 

11. Good books cure (guérir) the diseases 
(la maladte) of the mind (esprit, m ). 

12. A free (ltbre) people (peuple) obeys 
(obétr), but it does not serve (ser). 


Ksy To Exrnciss XXV. 

1. Plus il avangait en Age, plus il avangait 
en sagesse. 

2. maniére dont les Romains pronongaient 
le latin était trés différente de celle dont nous 
le pronongons aujourd’ hui. 

3. Il partagea sa fortune entre ses trois enfants. 

4, Selon un proverbe francais, l’appétit vient 
en mangeant. 

5. Tl appelle sur son bienfaiteur les béné- 
dictions du ciel. 

6. On dit d’un homme qui dissipe sa fortune, 
qu’il jette son argent par la fenétre. 

7. Cette lettre nous annonce une bonne 
nouvelle. 

8. La lecon commence a la page soixante-dix. 

9, Envoyez cette pendule chez lhorloger 
pour qu’il larrange. 

10. Je gagerais volontiers cent francs que ce 
n’est pas lui qui remportera le prix. 

11. En mil six cent soixante, Charles II. 
fut rappelé au tréne. 

12. Ce poisson est trop petit ; rejetez-le dans 
Peau, 

13. Quand les pécheurs seront en pleine mer, 
ils jetteront leurs filets. 

14. Ceux qui emploient mal leur temps sont 
les premiers & se plaindre de sa briéveté. 

15. La lumiére emploie de sept 4 huit minutes 
& nous venir du soleil. 

16. Nous pardonnons souvent & ceux qui 
nous ennuient ; mais nous pardonnons rarement 
& ceux que nous ennuyons. 

17. Nous avons acheté la victoire au prix de 
nos meilleurs soldats. 

18. Ce qu’on achéte en détail est plus cher 
que ce qu’on achéte en gros. 

19. Il a gelé toute la nuit; s'il géle encore 
demain, nous pourrons peut-étre patiner samedi. 

20. Dieu a tiré le ciel et Ja terre du néant; il 
les a créés par sa parole. 

21. Agréez, Monsieur, mes salutations res- 
pectueuses—formule qu’on emploie souvent 
en terminant une lettre. 

22. On est quelquefois obligé de céder aux 
circonstances. 

23. Ce n’est pas lui qui posséde sa fortune, 
c’est sa fortune qui le posséde. 

24. Tout chemin ménea Rome, dit le proverbe. 


Continued 


GERMAN “uur 


VERBS—continued 

LXXVI. Copulative Verbs. The verbs 
fein, werden, bleiben (to remain), heifen (to call, 
name), {deinen (to seem, appear), dinten (to seem, 
appear) form the connecting link between two 
nominatives—that of the subject, and that of the 
complement: Gr (nominative) ift, wird, bleibt, 
fdheint, diinft (mir) ein Betriiger (nominative), he is, 
is getting, remains, seems (to be) a cheat. 

LXXVII. As in the case of the copu- 
Jative verbs several verbs may be connected 
with two acousatives, that of the object and 
that of the noun in apposition with it. Such 
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verbs are: heifen, to call; rithmen, yetjen, to 
praise; fdjelten, to scold; fdimpfen, to abuse; 
taufen, to name; nennent, toname. Man bie ihn 
(accusative) einen Helden (accusative), They called 
him a hcro; er nannte ihn einen Berlaumder, He 
called him a slanderer. iihmen and ypretjen are 
often used with the conjunction alé (in the 
capacity of): Der Direftor riihmte, pried thn (accu- 
sative) alé (conjunction) einen verlaglicben Beamten 
(accusative), The director praised him as a 
reliable employee. When brought into the 

ive voice, the two acousatives are changed 
into nominatives: Gr (nominative) warbde cin 


Held (nominative) geheifen; ex wurde cin Berlanmder 
enannt: er wurbe vom Direftor ale ein verlaglicher 
eamter geriihint. 


LXXVITI. Verbe Governing the 
Accusative and Infinitive: feben, to 
see; boren, to hear; fiihlen, to feel; finden, to 
find ; lehren, to teach ; faffen, to let ; machen, 
to make ; heifer, to command, eto. Sd fab ihn 
(acousative) fallen (infinitive), I saw him fall ; 
Jd Horte das Madden fingen, I heard the girl 
sing ; Sd fiblte mein Hery Flopfer, I felt my 
heart beat; Sch fand ihn gut ansfehen, I found 
him looking well, etc. If the dependent infini- 
tive is a copulative verb, the two obligatory 
nominatives [see LXXVI.] are chan into 
accusatives. us, if laffen stands with the infini- 
tive of the copulative verb fein, the subject of the 
latter and the following noun are changed into the 
accusative: (r [aft den Sufall (accusative) feinen 
VSiibrer (accusative) fein, He lets chance be his guide. 
Sentences with a proper object in the accusative 
(that is to say with transitive verbs) naturally 
have two accusatives—one of the object de- 
pendent on the governing transitive verb, and 
one of the object dependent on the infinitive. 
The sentence: 3d fab, wie der Boge! (subject 
nominative) feine Fligel (object accusative) aug: 
breltete, I saw how the bird spread his wings, 
is changed into: Jd fah den Vogel (accusative) 
fetne Blige! (accusative) ausbreiten (infinitive), 
I saw the bird spread its wings. Xd) horte, wie 
ber Riinfiler ein Lted fang, I heard how the artist 
sang a song; and: Sd) horte den MKiinfiler ein Lied 
fingen, I heard the artist sing a song. 


LXXIX. Displacement of the Verb 
in Independent Sentences. If an inde- 
pendent sentence is introduced by an adverb or 
an adverbial noun, the verb has to precede the 
subject, and has to occupy the same position as 
in the independent question: Sch bin hier (adverb 
of place), and: Hier bin ich. (6 gibt feine Wirfung 
ohne Urfade, There is no effect without cause, 
and: Obne Urfade grbt eo Feine Wirkung 


LXAXX. Verbs with Accusative and 
Genitive. Many verbs with an “object of the 
person” (transitives and reflectives) require a 
complement ‘“‘of matter”’ in the genitive. Ex- 
ample: entheben, to exempt from, to dismiss from ; 
(Sr enthob thn (personal object) feiner BVerpftdtang 
(genitive), He released him from his obligation. 
Verbs requiring such complementary genitives 
are: anflagen, bejdhbuldigen, begidtigen, jeihen, to 
accuse ; iiberfiihren, to convict ; entbinden, entledigen, 
to release from, to deliver; entfleiden, to divest ; 
erinnern, to remind; fret’fprechen, tu acquit; vet 
fidern, to assure, ete.: Die Gefdwerenen fpraden 
ben An’geflagte (accusative) des Verbredyens (geni- 
tive) frei, The jury acquitted the defendant [of 
the crime}; Der An'Hager beiduldigte ihn (accusa- 
tive) der fdyrecflidhen Tat (genitive), The prosecutor 
accused him of the monstrous deed ; Sd) entbhinde 
bid) beines Berfprediens, I release you from your 


promise. 

The following reflective verbs require also the 
genitive of matter with the accusative of = 
person: (fic) einer Sade) annehmen, to mteres 
oneself in . . .; bedienen, to help oneself; bemad- 


LAMGUAGES—OQERRAR 


tigen, to seize; entiinnen, to remember ; freuen, to 
rejoice in; rithwen, to glory in; fdamen, to be 

ed of; etburmen, to take pity on, etc.: 
Sd nahin mid) (accusative) (einer (genitive) an (se- 
parable prefix), I took interest in him; Du be: 
Dienteft bid) meines Ginfluffes, You made use of my 
influence; Der Weind bhemadhtigte fic der Feftung, 
The enemy seized the fortreas; Wie entfinnen une 
deé Fremden, We remember the stranger ; ‘Shr freut 
end) des Lebens, You rejoice in life; fte rihmen ficd 
ihrer Tat, They glory in their deed. 


LXXXI. Interjections. These words 
are outside the syntactic structure of the sen- 
tence, and therefore do not generally govern 
other nouns, though they may require depen- 
dent cases or certain prepositions, such as anf, 
liber (on): ‘Pfui itber (4) did)! Shame on you! 
Sdande auf (4) ibn! Disgrace on him! Depen- 
dent clauses can also be added to interjections: 
Pfui, fchamte dich, das du fo unwabhr bift! Fie! Be 
ashamed to be so untruthful! 


LXXXII. Omission and Displace- 
ment of the Auxiliary Verb. To achieve 
increased vivacity and force, the finite auxiliary 
verb may sometimes be dropped from the end 
of a subordinate clausc: Wir beftiegen, nadydem wir 
bad Hans verlaffen [Hatten], den Wagen, We got into 
the carriage after having left the house; Der 
Midhter fiel thm, bevor er geendet [hatte], ine Wort, 
The judge interrupted him before he had finished. 

1, Omissions of finite auxiliary verbs ocour 
frequently for the sake of euphony, to avoid the 
clashing of forms sounded alike: Der Brief, dev 
geftern frie abgeqangen [tft], ft erft heute Abends 
eutgelangt, The letter which was despatched 
yesterday morning, hays only arrived to-night; 
der Mian, dev es enh gejagt [hat], hat fic) srt enets 
einen Scher, gemacht, The man who told you of 
it has made fun of you. 

2. The displacement of the auxiliary verb 
werdert occurs when the same forms would 
follow each other directly; for instance, in: 
Jc hoffe, bap der jungqe Dlann und das DMtanden ern 
qliliches Baar werden werden, J hope that 
the young man and the girl will become a happy 
couple; one of the two ,,twerben’’ must be dis- 
placed, so that the sentence would read: dd boffe, 
dag der junge Wann und das Madden werden em 
alicliches Baar werden. Sometimes an adverb is 
repeated for similar reasons: Evbald die Frudhte 
reif werden werden, werden wit fie abnehmten, As soon 
as the fruit becomes ripe, we shall gather it, 1 
changed into: Sebald die Kritdhte werdes rety werdet, 
fobald (repeated) werden wir fie abnefyment. 


LXXXIII. Elliptic Sentences. Force, 
vivacity, and conciseness are sometimes brought 
about in German hy the omission of the predi- 
cate, if the meaning of the curtailed sentence is 
not impaired by this proceeding, or if the 
missing words can casily be understood: [ei] 
Willfommen! Be welcome! Woher [fomemt Ihr] 
nes “Weges? Whence do you come? Meine 
Moje [qtot ed or ift} ohne Dornen, There is 
no rose without thorns. This elliptic form 

uently occurs in proverbs and proverbial 
sayingA. 
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LXXXIV. Tenses in Dependent 
Clauses. In German the rules which govern 
the tenses in principal sentences and dependent 
clauses are not very strict. If the principal 
sentence contains a verb in the present, perfect, 
or future, any of the six tenses may at times be. 
employed in the dependent clause. But it is 
safest. to make the tense of the dependent clause 
agree with that of the principal sentence, 
especially if the verb of the dependent clause 
is in the subjunctive mood. 


EXAMINATION PAPER XX. 


1. What are copulative verbs, and which verbs 
belong to this group ? 

2. If the complement used with a copulative 
verb is a substantive, in what case must it 
stand ? 

3. What verbs are used with two accusatives, 
and into which case are these accusatives 
changed, if the sentence is transposed into 
the passive voice ? 

4. Which verbs govern the accusative with the 
infinitive ? 


5. What is the result, if this infinitive is a 
copulative verb ? 

6. How many accusatives are under these 
circumstances used with the transitive verb ? 

7. In what manner are the words displaced if 
an independent sentence is introduced by 
an adverb or an adverbial noun ? 

8. Which verbs require a complementary geni- 
tive with the object of the person ? 

9. Which prepositions are required by certain 
interjections ? 

10. For what reason are the finite verbs some- 
times omitted, and which class of verb can 
thus be dropped ? 

11. When is it necessary to displace an auxiliary 
verb, and which auxiliary verb is subject 
to this displacement ? 

12. What omissions occur in elliptic sentences, 
and when is such a curtailment admissible ? 

13. Is it necessary to make the tense of the 
dependent clause agree with that of the 
principal sentence ? 

14. Under what circumstances is it preferable 
to make them agree ? 


CONVERSATIONAL EXERCISES 
III. In the Street 


Which is my best way to King Street’? 

Straight on to the church, and then the fourth 
turning on the right. 

Thank you very much. 

Would you kindly tell me where the cathedral is ? 

At the end of the next turning on the left. 

How far is it to the Zoologica] Gardens ? 

Scarcely five minutes. 

Oh, it is very far from here. 

Is there any ’bus or tram go! g there ? 

Oh yes, you can get there by ‘bus. 

Which is the High Street, please ? 

The long street opposite the church. 

Would you kindly tell me where there is a 
tobacconist ? 

How do I get to the Rome Hotel, please ? 

Round the corner, and then the second on the right. 

I want to go to the museum; which is the 
shortest way ? 

Could you tell me the time? 

Half-past five. . 

May T trouble you for a light ? 


Mie gehe id) arm beften in die Kinigeftrafe 7 

paisa gue Kirche, unb dann die vierte Strage 
redyte. 

id) danke beftens, or, Beften Dank. 

Kounen Sie mir gefalligh fagen, wo die Kathedrale ift 2 

Nim Gunde der nadften Strafe links. 

Wie weit ift es gum Boolegifden Garten ? 

Raum finf Minuten. 

©, es ift fer weit von hier. 

Gibt c¢6 einen Srellwagen oder eine Pferdebahn dahin ? 

© ja, Sie fonnen mit dem Omaibus hinfontmen. 

Bitte, weldye tft die Hauptfirage ? 

Die lange Strape gegeniiber der Kirdye. 

Kennten Sie mit gitigft fagen, wo hier cin Tabak: 
laben tft ? 

Mie Forme id) gum Hotel Mom, bitte ? 

Um die Se, und dann die gweite Strafe redte. 

ad) wifl nad) dem Mufeum ; welded ift ber Firrzefte 
Weg ? 

Konnten Ste mix faget, wie fpat (wie viel Uhr) es ift? 

Halb feds Ubr. 

Darf id) Sie um Feuer bitten ? 


IV. In the Shop 


Do you keep picture postcards ? 

Here, if you please. 

T want some with the museum, the church, the 
Royal Palace. 

How much is a dozen ? 

One mark twenty pfennigs. 

Here are ten marks. Will you, please, give me 
the change in one-mark pieces ? 

I want a hat. 

Of what kind? A top hat, a felt hat, or one of 
straw ? 

A soft grey felt hat. 

This one is too big for me. 

Here is a smaller one. This one fits well. 

What is the ae ? Nine marks. 

Can you send it to me at the hotel ? 

I’ll put down the address. 
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Habe Sie Aufichtsfarter ? 

Hier, bitte. 

Md) mochte welde mit bem Miufeum, der Kirche, dem 
Konighichen Sdhloffe darauf. 

Mas Foftet bas Dugend ? 

Gine Mark swangzig Pfernnige. 

Hier find gehu Marf. Geben Sie mir, bitte, den Reft 
ia Markitineen. 

Ad) braude cinen Out. , 

Welder Art? Ginen Cylinder, einen Filghut, oder 
cinen aus Stroh ? 

Ginen weiden qranen Filghut. 

Deifer ift mir qu grop. 

Hier ift ein Mletnerer. Dieser fige gut. 

Was fofteter? Neun Marf. 

Rornen Sie ih mix ins Hotel (dicen 2 

Md) will die Mdreffe aufidreiben. 


How much is the umbrella in your shop-windew f 

Which one do you mean ? 

The black one with the silver handle. 

Kighteen marks. 

That is too dear; haven't you gota cheapor one? 

Oh yes, but not of such good silk. 

I should like to change English money for 
German. 

Is it gold or paper ? 

I have some sovereigns and five-pound notes. 

How much of each ? 

Ten pounds in gold and fifteen in notes. 

How many marks do you reckon to the pound? 

Nineteen marks 75 pfennigs. 

Don’t you want some smal] change as well? 

Will you kindly change marks for English 
money ? 

How satel do you reckon a pound sterling ? 

We charge 20 marks for one pound. 

T have 420 marks, that would be £21. 

Can I have £1 in silver ? 

Do you want half-crowns, or shillings also ? 


Continued frem 
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SPANIS 
BEFORE proceeding further with the study 
of the verbs, it may be well to pause for one 
lesson the more thoroughly to comprehend certain 
important points which affect one's knowledge 
of what may be termed the living language of 
Spain; points which have perhaps not been 
sufficiently insisted upon in previous lessons. 
In all languages there is, of course, the literary 
and the commercial use of words, and while a 
student who has had his attention concen- 
trated on one or other of these uses, but not 
equally on both, may truly have acquired a 
good working knowledge of the foreign tonguc, 
he is in danger of lacking the readiness of applica- 
tion which comes from knowing the varying 
values of words and modes of composition. We 
have so far endeavoured chiefly to give in our 
vocabularies and our exercises such examples 
as might be considered of “ literary ’ rather than 
“commercial ” use, holding that the knowledge 
of any language for its own suke should always 
take precedence over its application to the user 
of the market-place. But at thir stage it is well 
that our consideration of Spanish should proceed 
with increasing regard to the work of, say, 
a Spanish merchant's office in one of our great 
cities, or clerical work in one of the Spanish- 
speaking countries of the old or new world. 
This also should be mentioned at this point: 
that in certain of the passages which we have 
transcribed from standard Spanish authors, 
words occasionally, though rarely, occur which 
in more recent years have become somewhat 
archaic, just as in English speech words are con- 
stantly undergoing modification. It should also 
be noted that the Spanish authors of the past, 
though the most entertaining and instructive to 
read, not only make use of certain archaic words, 
but also of phrases, which, while the student 
should be familiar with them, are not to be 





EANGUARED—BPAMEH 


Was foftet ber Regenfchirm in Ihrem Ans'fageferfter ? 


Welder meinen Ste ? 


Den fHwargen mit dem filbernen Griff, 


Adhtrehn Mark. 
Dae ift mir 


teuer; haben Sie nicht einen billigeren ? 


© ja, aber nit ans fo feiner Seide. 
Jd) mochte gerne englifdes Geld gegen deutfched ein: 


wechfeln. 


St e¢ Gold oder Papier ? 


Sch hake einige Sovereigné und Funf Vfund-Noter. 


Mie viel von jeder 


Sorte? 


Behn Bfund mm Gold und fiinfreha in Noten. 
Mit wie viel Mark berechnen Sie das Rfund ? 


Mit 19 Mark 75 Pfennige. 


Branden Sie nidt aud einiges Mlengeld ? 
Wollen Sie mir gefalligh Mark in englt/dhes Geto 


umyedfeln ? 


Mie berechnen Sie das Pfund Sterling ? 

Wir beredinen 2O Mark fir cin Pfund. 

Xd) habe 420 Mark, das witrde alfo LAT auamadert 
Kann ih ein Pfund in SGilber haben ? 

Minfahen Sre Halbe Kronen oder andy Sadrllinge 7 


Continued 


reproduced by him in writing the language. 


By Amalia de Alberti G6 H. S. Duncan 
He 


must avoid such forms as 
Destas for de estas 
Dellos ,, de ellos, ete. 
All such cases, so far as our readings in this 
course are affected, are covered by the words 
and phrases in the following brief vocabulary : 


Vocabulary 
The grandfather 
The grandmother 
A share 
The farmer 
Sea water 
The flag 
A trunk 
The library 
The country 
A desk 
A surgeon 
A merchant 
Inasmuch as 
Destination 
To contend 
An endorsement 
A sculptor 
The stars 
To exaggerate 
Field flowers 
A picklock 
A gipsy 
A guarantee 
A throat 
A sentry-box 
The gamekeeper 
Until 


Heliotrope 
A man of knowledge 
Incredible 


A shawl 


Vocabulario 
El abuelo 
La abuela 
Una accion 
KB) agricultor 
Agua de mar 
La bandera 
Un bail 
Lae bibhoteca 
El campo 
Una carpeta 
Un cirujano 
Un comerciante 
Como quiera que 
Destino 
Disputar 
Un endoso 
Un escultor 
Las estrellas 
Exagerar 
Flores silvestres 
Unu ganzde 
Un gituno 
Una garantia 
Una garganta 
Una garita 
FE) guarda 
Hasta 
Heliotropo 
Un hombre instruido 
Increible 
Un mantén 
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A doctor Un médico 

Foreign country Pais extranjero 
Picturesque Pintoresco 

A porthole Una portilla de luz 

The cousin El primo Ges erm) 
The sunset La puesta del so 

The hand-bag El saco de mano 

A joint-stock company Una sociedad en com- 
A slash Un tajo [andita 
The grocer El especiero 

Draper's shop Tienda 6 almacen de 
The uncle El tio [tejidos 
The aunt La tia 

Wholesale La venta al por mayor 


Fraszes SvELTAS 
Contémos nuestro 
dinero 
Ir 4 la confiteria para 


MISCELLANEOUS PHRASES 
Let us count our money 


To go to the confec- 


tioner’s to eat pastry, comer pasteles, 
take ices, and drink tomar helados, y 
lemonade beber limonada 

We were fortunate to Fuimos  afortunados 

obtain a private audi- en obtener una au- 

ence of the Pope aia privada del 
apa 

Tam gladtocomehome Me alegro de volver 4 
casa 


The bookkeeper is mak- El tenedor de libros 
ing up the accounts esté haciendo las 
fortheend ofthe year cuentas de fin de afio 


Este caballero tiene 


This gentleman has a 
una carta de crédito 


letter of credit upon 
our house contra nuestra casa 


Importance of Accents. Insignificant 
as these may appear to a beginner they are 
really of vital importance, as the omission or 
misuse of them may entirely alter the tense 
or person of a verb, confuse verbs with substan- 
tives, and one substantive with another. 

Exampurs. Yo amo, I love; é amd, he 
loved; el amo, the master or owner 

Yo hablé, I spoke ; hable Vd, speak you ; que 
yo hable (subj.), that I may speak (imp ); or, let 
me speak. 

El Papa, the Pope ; el papd, the father. 

These examples might be multiplied indefin- 
itely ; but they will suffice to demonstrate the 
importance of thoroughly mastering the use 
and position of the accent. 

Article, Gender and Number. For 
the present purpose these three may be con- 
sidered together in their relation to one 
another. Special care must be taken to make 
the articles and adjectives agree in gender and 
number with the substantives and pronouns to 
which they relate. Verbs must also agree with 
ai as Fda ooh number, _ rape in 
gender, where the past participle is employe 
nena ha The rules already given should 
be carefully studied. 

Exampies. El Emperador Nerén fué cruel- 
ésimo, The Emperor Nero was most cruel. 

Eea m es amabilisima, That girl is 
most amiable. 

‘Tengo una hermosa biblioteca y algunos libros 
eapléndidos, I have a beautiful library and 
some splendid books. 
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Ki mar esté placido, The sea is calm. 

Las seoras estén sentadas en el salon, The 
ladies are seated in the drawing-room, 

La moral de las nactones difiere, The morals 
of — differ. es 

& casas que tengo compr mo me gustan, 
The houses which I have bought do not please me. 

It might be noted here that a number of words 
change their meaning entirely according to the 
gender of the article employed. 

EXxamp.es. El capital (capital, money) ; 
la capital ay soe of a country) ; el corte (cut) ; 
la corte (the Court); el érden (order, sequence) ; 
la érden (order, command, mandate); el papa, 
the father ; la papa, the potato. 

Dates, Days, Months. The first of a 
month is variously called el primero del mes, 
el primer dta or el dia primero. 

Note that the final o in primero and tercero is 
dropped when used before a masculine noun. 

he days are written with a small letter and, 
like the dates of the month, are preceded by 
the article el. The months are spelt with ao 
capital: El domingo, el 11 de Septiembre, el 
mes de Agosto. 

Euphony. This is also a very important 
point in speaking and writing Spanish elegantly, 
but fortunately the rulc is easily acquired. 

Before words beginning with ¢ or the un- 
aspirated h followed by 1, be careful to use é 
for “and” instead of the usual y (er-griegu) 
Similarly, before words beginning with o it is 
usual to use % for “or” thus: 

Ese hombre es cobarde é ingrato, That man is 
cowardly and ungrateful. 

Los caballeros ¢ hidalgos, 
noblemen. 

Salvo error % omision, Errors and omissions 
excepted. 

Feminine words beginning with a on which 
the stress falls take the masculine article: 

El alma, the soul; el agua, the water; el 
ama, the mistress. 

Errata. We take this opportunity of 
printing the following important corrections of 
a series of errors which unfortunately we were 
unable to correct in all the copies containing 
page 2917. 

PERSONAL Pronouns (Accusative) 
Le quiero, 1 like him 
La quiero, I like her 
Les qutero, I like them 
Las qutero, I like them (f.) 
PERSONAL Pronouns (Dative) 
Le hablé, I spoke to him or her 
Le di, I gave him, or to him or her 
Le compré, I bought him, or for him or her 
Le quité, I took from him, or her 
Les envié, I sent them, or to them, or to you 
Le hablé a él, I spoke to him 
Le hablé é ella, 1 spoke to her 
Me dijo algo, lo cual no escuché, He said some- 
oe to me to which I did not listen [page 
3207] 

Hemos matado al ladron, We have killed the 

thief [page 3350] 


Gentlemen and 
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RENAISSANCE painting, like architecture and 
sculpture, was in Florence, and its 
cradle is the Brancacci Chapel in 8. Maria Novella, 
with the frescoes of Masaccio, which have been 
the source from which many succeeding genera- 
tions of artists drew their inspiration. It was 
the tendency of the Renaissance to give ite due 
to the human body, to deliver it from the 
tyranny ofthe spirit, and Masaccio (4.D. 1401 to 
1428) was the first of the painters to represont 
the nude living and in all its beauty and strength, 
as in the ‘“ Expulsion” and the “ Baptism.” He 
also departed from the generally prevailing 
practice of arranging the figures of his com- 
positions in one row, in the manner of the 
ancient relief, or of placing them one above the 
other in diminishing size. His figures occupy 
their right places in the receding planes of 
the landscape and live in the surrounding 
atmosphere. They are full of dignity and 
expression, whilst the folds of their draperies 
have the amplitude of the best classic models. 
Altogether, his work marks an immense step 
forward in the direction first indicated by Giotto. 
Filippo Lippi. His artistic heritage was 
divided among many of his followers, chief 
among whom is Fra Filippo Lippi, the worldly 
friar, whose love of life and beauty found 
expression in many exquisite easel pictures 
and in the fine frescoes at Prato and Spoleto 
Cathedra!s. The emotions expressed by him 
are not purely spiritual, like those of Fra 
Angelico, but intensely human A healthy, robust 
type of peasantry served for his models ; and 
his sense of beauty and loveliness and pleasure 
im the joys of the world is reflected by the gay 
splendour of his palette. Domenico Veneziano, 
who is credited with the introduction of oil- 
painting in Italy, was, above all, a master of 
technique, a naturalistic painter whose chief 
toncern was the pictorial rendering of move- 
ment and expression. Paolo Uccello was a 
scientist, chiefly absorbed in the investigation 
of the laws of perspective, and an excellent 
inter of horses, dogs, birds, and other animals 
is colour was frequently quite arbitrary, and 
used almost in the manner of the medieval 
illuminators. The National Gallery possesses 
an interesting battle picture from his brush, 
illustrating how the field of painting had widened 
since its liberation from the exclusive rule of 
the Church. 

Representationa of Contemporary 
L.ife. Under the cloak of scriptural illustration, 
Benozzo Gozzoli (4.D. 1420 to 1498), a follower 
of Fra Angelico, dealt in his extensive series of 
frescoes in the Pisan Campo Santo with general 
scenes of contemporary life, in which the customs, 
costumes, and types bf his day ere recorded with 


vivacious charm and great truth to Nature. 
[See page 725.] His frescoes at the Riccardo 
Palace represent a scene of gorgeous pageantry 
of fifteenth century Florence. Among those who 
were strongly influonced by Masaccio, the 
sculptors Verrocchio and Pollajuolo take a high 
lace in the art of their time, though only 
ew of their pictures have come down to us. 
The Art of Botticelli. Tho Renaissance 
leaning towards classic learning found its 
supreme expression in Fra Filippo’s pupil, 
Sandro Botticelli, one of the most personal 
and fascinating of the world’s great masters. 
His strongth lay in the marvellously expressive 
use of decorative line, the like of which can 
only be found in the art of Japan. He used 
colour not so much to doceive the eyo into beliof 
of the plastic reality of things as to strengthen 
the effect of the line. The rhythmic movement 


" of the human figure in dance, the fluttering of 


drapery or of flowing locks in the wind, cannot 
be expressed more happily than in his ‘‘ Allegory 
of Spring ” [71] and “ Venus Rising from the Sea.” 
For his compositions he was more concerned 
with producing a beautiful decorative pattern 
than with making the figures live in their 
surroundings, which are frequently quite con- 
ventional. Botticelli was profoundly stecped 
in the ‘‘ New Learning ” of the period, and his 
netures often show a curious blending of the 
Pagan and the Christian spirit. Ha ‘‘ Madonna” 
[page 869] and his * Venus” present very much 
the same type o. face—molancholy, tamid, pure, 
scarcely beautiful, but intensely fuseinating. 

Filippino Lippi. Botticelli became in 
his turn the master of the latter’s son, Filippino 
Lippi (a.p. 1457 to 1504), who combined many 
of his master’s qualities with a sense of dainty 
beauty in expression and rich colour. In his 
earliest important work, the completion of the 
frescoes begun by Masaccio in 8. Maria Novella, 
he tried with remarkablo success to adapt 
himeelf to the manner of his great preoursor ; 
but in his later frescocs in the Strozzi Chapel 
he introduced such a florid mass ot “ Renais- 
sanee ’’ detail, classic architectural motives with 
a tendency to over-decoration, Roman armour 
and trophies and instruments, that one is apt 
to overlook the really remarkable expressiveness 
in the varied gestures and movement of the 
figures. His most charming qualities appear 
quite unadulterated in such easel pictures es 
his “St. Bernhard,” in the Badia in Florence (72), 
and the “ Madonna with SS. Jeromeand Dominic,” 
at the Nationa] Gallery. 

Pietro della Francesca (a D. 1415 to 1495), of 
Borgo 8. Sepolero, in Tuscany, stands between 
the Florentine and the Umbrian schools. The 
transp-rent golden tone in which his landscape 
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and figures are bathed in the earliest approach 
to the modern conception of painting open-air 
sunlight. He, too, was a master of perspective 
and foreshortening, and was endowed with a 
rare sense of pure uty. One of his finest 
works, the “‘ Baptism of Christ,” is to be seen 
at the National Gallery. His pupil, Luca 
Signorelli, of Cortona, the author of a great 
series of frescoes at Orvieto Cathedral, may 
perhaps best be described as a painter of human 
limbs and of muscular activity. He delighted 
in illustrating scenes in which he could intro- 
duce seething, passionate crowds of unclothed 
humanity in every possible stage of violent 
raovement ; but he was not a painter of the 
“nude ” in the modern sense—that is, an artist 
who will paint the figure for its beauty of form 
and surface texture. For that his drawing was 
too hard, his colour too dry; and the charm 
of the female form escaped his perception. 
The Umbrian School. Umbrian paint- 
ing was an offshoot of the Sienese school, 
modified by Florentine teaching. It never 
attained artistic independence, and was always 
more or less tied to the illustrative tendency. 
Umbriana were more concerned with 
tenderness of sentiment and intensity of religious 
expression than with form and line and move- 
ment for their own sake. A long succession of 
minor artista, who need not here be enumerated, 
culminates in Pietro Perugino, the most typical, 
as he was the most accomplished master of the 
school, His scriptural pictures-—and he painted 
few, if any, others—are 1, serene, de- 
tached from this world [78]. He painted the life 
of the soul and not of the body ; and the lovely 
Umbrian landscapes in which his figures are 
set, landscapes that open up the whole depth 
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of space, range after range of billowing hills 
under a limpid blue sky, only enhance the effect 
of pure spirituality. As a master of space 
composition he was only surpassed by his great 
pupil Raphael. 

To the same schoo! belongs Pinturicchio, one 
of the most productive fresco painters of the 
fifteenth century. The decoration of the Borgia 
apartments at the Vatican in Rome, and of the 
library of Siena Cathedral, are his chief works— 
masterly space compositions which, however, 
in their excessive love of splendour, of sump- 
tuous gold, ultramarine and red, overstep the 
natural limitations of decorative wall paintings. 

Influence of the Paduan School. 
Meanwhile, the Renaissance movement had 
made equal progress in Northern Italy. In 
Padua, Squarcione, # painter who had travelled 
in Greece and brought back with him a fine 
collection of antique sculptures, was the 
founder of a school based on the study of these 
antiques. His great pupil Mantegna (a.p. 143] 
to 1506) was entirely imbued with the classic 
spirit, and treated his paintings in a noble, 
sculpturesque style which has much in common 
with relief work. His ‘Triumph of Cesar,” 
how at Hampton Court Palace, shows the 
extent of his classical and antiquarian knowledge 
and his masterly draughtsmanship, though 
his frescoes in the Gonzaga Palace at Mantua, 
which have for their subject scenes of contem- 

rary life, show even better the power of his 
seb The Paduan school exercised con- 
siderable influence over Milanese and Venetian 
art in the fifteenth century. particularly over 
area ah co and the Vivarini in 

enice, tho enetian inti was soon 
directed into other a 


The Splendour of Venice. The power- 
tul mercantile Republic of Venice was never 
the soil for humanism that Florence had been. 
Accustomed to gorgeous pageants, pomp and 
ceremony, and luxurious life, and living in an 
atmosphere that cannot but develop a keen 
sense of heautiful mellow colour, these wealthy 
traders required an art that should be neither 
academic nor didactic, an art that should not 
reflect classic knowledge or stimulate thought, 
but an art that should reflect the splendour of 
their daily surroundings and appeal direct to 
the senses through the musical quality of 
colour. In Florentine painting colour had 
always been subordinate to line; the Venetians 
were the first school of real colourista—painters 
who thought in colour, not in line ; who studied 
the colour appearance of Nature, and rendered 
the truc appearance of things in pigment—true 
painters, in fact, in the modern sense of the word. 
The introduction of oil-paintimg by Antonello 
da Messina was of inestimable advantage to 
the achievement of this new ideal in painting. 

The Bellinis. The brothers Giovanni and 
Gentile Bellini show already the germ of the 
Venetian tendencies which were to culminate 
in Titian and Tintoretto. Gentile revelled 


in historical processional pictures of Venotian 
life, a type of work in which Vittore Carpaccio 
Giovanni Bellini’s 


whieved the greatest fame. 
paintings have w noble, 
classic dignity of style, 
an almost monumental 
character. He strove for 
the typical rather than 
the individual. His 
colour is rich and har- 
monious, though not as 
acnsuous as that of the 
later masters.  ‘T'wo 
other masters of the 
earlior Venetian school 
must here be mentioned 
—Carlo Crivelli, a pupil 
of the elder Vivarini, 
and strongly influenced 
by Mantegna ; and Cima 
da Conegliano, whose 
altar-pieces are full of 
character and glowing 
colour, Crivelli, whose 
love of carefully executed 
detail rivals the early 
Flemish masters, is mag- 
nificently represented at 
the National Gallery. 
Towards the end of 
the fifteenth century 
there was scarcely a city 
in Italy that was not 
a centre of some im- 
portent school, and 
could not boast of some 
masters of more than 
local reputation. When 
the sixteenth century 
dawned, painting, though 
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for the decoration of architecture, had to a great 
extent become an end in itself, independent ot 
the other arts. 

Lionardo and Raphael. Leaving Venice 
and returning to Florence and Central Italy, 
we come to the man who inauguratod tho greatest 
period in Italian art—the period when supreme 
technical mastery went hand in hand with ideal 
beauty and classic perfection. This man was 
Lionardo da Vinci, that universal genius who 
could master and achieve greatness in every 
phase of intellectual and artistic activity. 
Raphael was an eclectic who, gifted by nature 
with a rare capacity for assimilating all that was 
most admirable in the art of those that had gone 
bofore him, consciously combined these qualities 
in works that have for centuries been held up as 
the acme of perfection, and have, through aca- 
demic teaching which encourages the cold, soulless 
imitation of all that is purely formal, exorcised 
a deterrent influence on the evolution of art. 
Lionardo, too, had assimilated the accumulated 
experience of two centuries of painting, but 
with him this process was unconscious, and 
though tho perfection of his work sounds ao 
unique personal note, there was nothing his 
brush could not express—cmotion or serenity, 
charactor or pure beauty, strength or tender- 
ness. He was a master of line and of colour, of 
movement and expression. Volumes have been 
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written about the deep significance of every Sarto, who nag heya 
ee ” fresco, in Milan,now painter,” approached the Venetians in his con- 
a complete wreck, which scarcely re- ception of colour. Perfect in drawing, 
fects o dim shadow of ite former gon ee cing silcipe gp Mion 
glory. And the mysterious grace, ac power Of expres- 
matic smile of ‘ Meena sion and depth of feeling. In 
Lisa” has become the stock Northern Italy, Correggio, 
tase of a pace of whose chief works are to be 
yf seen in Parma, is the most 
typical master of the late 
issance. An artist 
of great nervous sensi- 
bility, he had little con- 
cern with nobility of form 
and carefully - measured 
rhythm of line. His art 
is intensely emotional ; 
the expression of hi 
‘‘Madonna,” as of his 
‘‘ Magdalen” and his “Io,” 
is almost ecstatic in its 
intensity of delight or 
grief. His real medium 
18 light and shade rather 
than colour and line, and 
he almost rivals Rem- 
brandt in his rendcring 

of chiaroscuro. 

Raphael marks tho 
turning-point of Itahan 
art—Venice always  ex- 
cepted—which after his 
death degenerates into 
eclectic mannerism on the 
one hand and _ crude 
naturalism on the other. 
Of Raphael’ i Sa Giulio 
Romano and Perino del 
Vaga continued for a while 
his tradition, but towards 
the end of the century 
Bologna took the lead. 












the Sforza in Mi 
Lionardo becam 


head of an important 
school, from which issued 
such masters a8 Luini, 
Beltraffio, Gaudenzio Fer- 
rari, and the Sienese 
sma Sodoma. Lionardo 
imself produced but few 
finished works, and forms 
in this respect a marked 
contrast to his great 
rival Michelangelo, whose 
work is truly titanic in 
character and in extent. 
His ceiling of the Sistine 
Chapel alone would be no 
inconsiderable result [74] 
of a life’s work. We have 
already dealt with the 
master’s sculpture. In 
painting he shows the 
same powerful grasp of 
the human form, the 
same passionately height- 
ened vitality, the same 
grandeur of design. But 
he was not a colourist 
in the sense of the 
Venetians, or of Lionardo. 
His genius was more 
sculptural than pictorial. 


Mansell 


His strong personality 3. THE VIRGIN ADORING, BY PERUGINO he. Caracci and Guido 
attracted many followers, a (National Gallery, London) Reni and  Sassoferrato 


of whom Sebastiano del and other eclectics are, 
Piombo achieved great fame, and even however, scarcely worthy of a place in a short 
Raphael at one period fell under his a survey of the world’s art, except to typify the 

“The Perfect : shallow depth to which 
Painter.” Of the eae painting had sunk after 
other Florentines of its glorious efflorescence 
the period, Fra Bar- at the beginnmg of the 
tolommeo and Andrea century. The natural- 


: ists flourished especially 
del rehes Lae in Naples, where Ribora 
widest fame. ‘ painted numerous scenes 


of torture and other 
horrors with bold use 
of contrasts of light and 
shade. 


a follower of Savon- 
arola’s, all 
eoriiliness in his art, 
and painted in his carly 


period many serious and 
pati Pocsral airy of Giorgione. In 
and har- Venice the sixteenth cen- 
bara Alot mel- tury is inaugurated 
low perl though later glorious masters— 
in life he attempted Giorgione, Palma, 


and 
Titian. Of the first of 
but without much sig- 74. PURTION OF THE CREATION OF MAN, BY can be identified with 
nificance. Andrea del MICHELANGELO (Sistine Chapel, Vatican, Rome) certainty, but they 
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suffice to secure him a position among the elect. 
He knew how to express the emotion of the 


figures in the sur- 
roundi land- 
scape; he was the 
first, in fact, that 
did not paint the 
background merely 
to fill in a pleasing 
manner the space 
between and be- 
hind the figures, but 
made the figures 
live in their sur- 
roundings. He was 
un idealist whose 
art was the fruit 
of his imagination. 

Palma. Palma, 
who owed much 
to Giorgione’s ox- 
ample, was intoxi- 
cated with the 
sensuous beauty of 
Venice and of her 


daughters, and revolled in painting the Juxurious 
charm of their rounded forms and golden hair (75 |. 

Titian. Titian stands for the highest achieve- 
ment of Venetian art. He was, perhaps, the 
greatest colourist the world has ever seen, and 
could do justice to every - 


task by which a painter 
may be confronted. That 
he could eapress in terms 


of colour the most exalted 


emotions of the human 


sou] is proved by such {| 


works as his ‘‘ Assump- 
tion,” at the Venice 
Academy [see page 181]. 
In space composition he 
rivalled the greatest 
Tuscans. The sumptuous 
glow of his colour 1s 
only rivaled by the 
rhythm of his linear 
composition, and in por- 
traiture he ranks with 
Velasquez and Rem- 
brandt. 

Tintoretto and 
Paolo Veronese. 
While in the later part 
of the sixteenth century 
the rest of Italy was 
given over to uninspired 
eclecticism,  Tintoretto 
and Paolo Veronese 
worthily upheld the 
great tradition of Vene- 
tian painting. The 
former, who had chosen 
the motto, “The de- 


sign of Michelangelo, the colour of Titian,” 
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who devoted himself with preference to decora- . 
tive tasks on a monumental scale. His principal 
works were oxe- 
cuted for — the 
Doge's Palace and 
the Scuola di San 
Rocco, in Venice. 
Paolo Veronese, 
one of tho greatest 
masters of com- 
position and sa 
sumptuous colour- 
ist, was above all 
the painter of 
Venetian —_ festive 
life. His subjocts, 
true enough, aro 
chosen from Scrip- 
ture, but the scones 
are invariably clad 
in the gorgeous cas- 
tume of sixteenth 
Jamm century Venice, 
which they bring 
. vividly betore our 
eyes. He loved the beautiful surface appearance 
of things, and did not trouble much about their 
inner meaning. [Sco Plate facing 3793.) 
Canaletto. Tintoretto and Veronose are 
followed by many florid imitators, but the end 


75. THREE SISTERS, BY PALMA VECCHILO 
(Diesden Gallery) 


_¢ produced a new “genie,” 
$ 


of which the elder Cana- 
letto is the chief repro- 
rentative. Ho was a 
purely objective painter 
of the architectural 
features of this flonting 
city of palaces, which he 
recorded with great love 
of detail, without losmg 
wight of the effect of 
massed light and shade. 
Francesco) Guardi chose 
similar motifs for his 
pictures, but — treated 
them in a less topo- 
graphical sprit His brush 
mw more liquid and broul, 
his tone silvery and 
creamy, hit atmosphere 
trucr than Cunalotto’s. 
Tiepolo. The last of 
the mastera of Venice 
was Thepolo (1696-1770), 
who catered for — the 
craving of his tyme for 
florid splendour —a great” 
colounmt, who modelled 
himself. on his greater 
precursors of the — #x- 
teenth  contury, but 
totally lacking in ideas 
He devoted himself chiefly 


0 “Tabet eis y ofthe seventeenth century 





76. MONNA LISA, BY LIONABDO DA VINCI 
(The Louvre, Paris) 


and expressiveness. 


was endowed with a fecund imagination. was to decorative paintings for ceilings and walls, 


@ complete master of the human form, and 
of all effects of light, and a gigantic worker, 


and died in Spain, whither he had heen 
summoned as painter to the Court of Madrid. 
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9 Pure Air is Essential to Health. Sources of Impurity in the Atmosphere. 
Rain, Sunshine, and Wind as Purifiers. Poisonous Air in our Homes 
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By Dr. A. T. SCHOFIELD 


[ NORGANIC particles form the third class of 
impurities in air and imelude jead, arsenic, 
zinc, copper, brass, sand, chalk, phosphate of 
lime, clay, coal, rast, dust of glass, and in 
special trades dust from saw grinders, cutters, 
miners, potters, watchmakers and paint workers. 
The Evil of Dust. Dust is a great evil as 


wel as a nuisance. It has lately increased greatly 
in our country roads owimg to motor traffic, and 


has become such a nes that it 
must certainly be lessened, part! improved 
structure of vehicles, and part a more 


dustless construction of roads. In towns it has 
changed in character with the introduction of 
wood pavements, the ground-up fibres of which 
make an irritating dust when dry, and a most 
tenacious mud whien wet. 

Dust is of three principal varieties—nutritious, 
harmless and hurtful. Amongst nutritious dusts 
are those of bakeries, bone mills, and wood 
turneries. It 1s said that wood dust actually 
fattens. Amongst dusts that are, on the 
whole, harmless, we are glad to reckon coal. 
Were this not so, life in cities would be very 
fatal. Anyone who has seen the appearance 
after death of a lLondoner’a lungs and a 
countryman’s cannot but be struck with the 
great difference. The Londoner’s lungs are of 
@ greenish black, and are full of grit every- 
where, apparently choked with it, and yet the 
man lives and dies without his respiration 
suffering; but those of the countryman are a 
fresh pink, and quite clean. The reason coal 
dust does not injure and tear the lungs is 
because the corners of the little particles are 
not sharp, but rounded. London air is not, 
therefore, primarily unhealthy on account of 
the coal dust it contains, but on account of the 
organic poisons with which it is laden. 

Many Kinds of Dust. Hurtful dusts are 
of several classes—vegetable, mineral, chemical 
and animal. There are in the first place those 
that are vegetable trri‘ints, which are of no great 
account unless constantly breathed for a pro- 
longed period. Such is the dust from wool, hair, 
silk, cotton, flax, hemp and jute mills. 

We then get mineral trritanéa, such as dust from 
*etone, glass and sand, and aleo from metais— 
steel, iron, and tin dusts, which are very irri- 
tating. The A spear) danger of knife : 
dust is that the trade is conducted in draughty 
buildings, predisposing to colds and chills, and 
the dust itself constantly inhaled is a mixture of 
stone grit and steel dust. These irritating dusts 
are liable to set up some form of consumption. 

It is found that coal-miners have least 
og, welll diseases, thus showing that coal dust 
is harmless; while tin-mmers are the worst 
sufferers from lung diseases, which are four times 
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a8 numerous among them as among coal-miners. 
Next, we get potters and file makers and 
catters, three times as numerous; and then 
quarrymen and wool and cotton factory hands, 
twice as numerous. There are, besides, poison- 
ous chemical dusts, such as bleaching powder, 
bichromate of potesh, white lead, phosphorus, 
and arsenical wall-pa Besides phthisis, 
lead dust produces colic; the dust of copper 
and brass, etc., ague, and that of 
orus causes diseases of the jawbone. 

Lastly, and most pernicious of all, there are 
all sorts of septio animal dusts from hospitals 
and diseased persons, from manure works, from 
hides, and from all decomposing animal refuse 
Some of the worst of these are the numerous 
dried particles of expectoration from diseased 
people, and it is in consequence of this that 
vigorous efforts are being put forth to make 
expectoration in public places an offence. 

The immediate vicinity of graveyards, brick- 
fields, and infectious hospitals has sometimes a 
bad effect on health by causing impurities in the 
air; also the proximity of chemical works and 
offensive trades. 

Breathing as a Source of Impurity. 
We will now look briefly at the leading sources 
of these impurities, which are respiration, 
combustion, stagnation, trades, towns, marshes 
and invalids. 

Of all these sources, respiration—or, rather, 
expiration—is the chief. In exptration each 
person, if at rest, gives out about ‘6 cubic feet 
0 per hour, or 16 cubic ft. of CO, per 
day. if the person be at work, much more CO,, 
is given out, a8 the amount rises in proportion 
to the amount of work done. In work 
it will rise to as much as 1°5 cubic ft. per hour. 
The expired air, being also laden with moisture, 
saturates the air with water vapour. 

But, besides this, the expired breath is laden 
with effete animal refuse, and it is this, with. 
CO,, that makes it so pernicious. We have, 
therefore, three changes in it produced b 
respiration—it becomes laden with CQ,, wit 
bein and ara refuse. . 

t is compu that 2,000 peo in one 
hour produce carbonic acid oak : containing 
1 cwt. of pure carbon and about 17 gallons 
of water. The animal matter given off is so 
: that, if this breath be condensed on 


poisonous 
_the wall of a close room in the form of drops of 


water, one single drop of the fluid will poison 
a rabbit. 

The skin of the body also expires, or perspires, 
and from this source also a vast mass of 
impurities enters tho air. 

arious Causes of Impure Air. Com- 
bustion is another cause of impurity. The 


cams of gas, lights, and coal fires produces 
carbonic acid and other gases. But we must 
note that carbonic acid gas produced in this 
way is very different from that produced by 
expiration, for it is free from all poisonous 
organic particles. 

tagnant air has a diminution of oxygen and 
an increase of CQ., and in fogs a great deal of 
solid matter is suspended. 

Trades give off innumerable particles and 
poisonous gases, and need not be enumerated. 

Towns are another soarce of impurities on 
account of the crowded life and the indoor 
existence. In a room there are ten times as 
many bacteria in the air as there are in town 
air; and in town air there are ten times as 
many bacteria as there are in country air. 

In addition there is houschold dust of every 
sort, and street dust laden with particles of 
manure. 

Poisonous exhalations emanate from marshes, 
which are also the birth-place of insects that 
cause malaria. 

Invalids are ever giving off exhalations of a 
y eames poisonous nature, while in all infectious 

iscases the air is laden with contagious particlos. 

The Health Value of Rain. Agents 
which cleanse the air from these defilements are 
rain, ventilation (external and internal), preven- 
tion of smoke, plants, sunshine and wind. 

Rain is a great purifier of air; how great, 
but few realise. Perhaps one of the best 
ways to prove this is to go out with a white 
waistcoat on a dry day and on a wet day. 
If rain be prevented from falling on the waistcoat, 
it will keep quite clean on a wet day Another 
test is the difference in the taste of the air after 
rain, for air breathed through the mouth has 
a decided taste. If we examine rain-water, we 
thal! find it filled with impurities which it has 
washed down from the uir. 

In the best systems of ventilation of churches 
and other large buildings, one of the processes 
is to wash all the air that is admitted by imita- 
tion rain (water running down o fine string 
screen), thus ensuring its purity. It is therefore 
fortunate for us in one way that this is such a 
rainy climate, for there is no doubt that from 
this cause town air is much purer than it would 
otherwise be. 

A combination of rain and electricity, as wa 
thunderstorm, not only purifies the air, but 
refreshes it by storing it with ozone. The air in 
towns, therefore, is at its best and purest after 
such a cleansing storm. 

Afr in Towns. External ventilation con- 
sists in the ventilation of towns by the abolition 
of courts, cul-de-sacs and narrow strects. To 
wecure the best air in a town, it should have 
plenty of parks, and streets 36 ft. wide, with 
footpaths 24 ft., making at Icast 60 ft. between 
the houses, but no back-to-back houses 
and no places without o through draught. 
We must remember that the air when it first 
reaches a town is country air. It is a curious 
fact that in so many of our towns the west end 
is the fashionable quarter, and on investigation 
it is found that this is connected with the question 
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of external ventilation, for in towns where tho 
west end is the fashionable suburb the prevailing 
wind comes from the west. It is evident, there- 
fore, that those who dwell in this locality get the 
purest air, for they get it just fresh from the 
country, whereas those in the east only get it 
when it has passed over the whole city. Internal 
ventilation, or ventilation proper, is the other 
aspect of the subject. 

The prevention and consumption of smoke 
are both of great importance, and not only make 
a town cleaner and brighter, but, through moro 
perfect combustion and decreased use of raw 
coal, prevent many deleterious products, especially 
sulphur fumes, from entering the air. It is com- 
paratively an easy matter to prevent smoke in 
factories ; the difficulty is to do away with it in 
private houses. The remedy will probably come 
from the supply of electricity at so cheap a rate 
that heating will be largely done by its means. ' 

Nature’s Purifying Agents. Plants, of 
course, ebsorb CO,, and give out oxygen, so that, 
theoretically, sufficient plants to absorb the CO, 
given out by a man should keep the air perfectly 
pure. Anyhow, there is no doubt that trees in 
the parks and in tho streets of a city are of great 
use, and assist in purifying the air. 

Tho sun is a mighty purifier. Not only by its 
heat and its light, but by the chomical action 
of its actinic rays, it rapidly burns up and destroys 
the germs that swarm in the air. It doos another 
thing. It makes the dirt visible, and a person who 
walks through a sunbeam, where the air, thick 
with dust of all kinds, can be plainly seen, din- 
tinctly hesitates before he breathes such a thick 
and nasty compound. 

The last) purifier of which we have to speak 
is wind, We must, however, point out that 
it is also a great introducer of impurities as 
wel] as a remover of them by assisting venti- 
lation. When all the road-sweepings are blown 
vp in clouds, .nd all the dust whirls round in 
eddies, the wind is scarcely acting as a purifier. 
The steady breezes, which, without so much as 
raising the dust, cause the air to move rapidly. 
do much good. Air frequently by thin aid 
travels 10 to 14 nulee an hour Tf you stand 
in Oxford Street, with such a west wind blowing, 
the air you breathe is hardly town air at all, for 
it was over Wimbledon and) Barnes Commons 
a few minutes before, and the town air is 
quickly blown out to be purified in the country. 
Wind, therefore, is of the greatest: value, for 
nothing can be worse than stagnant air. 

Air Indoors. Some ideu will bave been 
formed by now how far we arv from breathing 
pure air out-of-doors, in towns, at any rate; but 
all this is u« nothing compared to the quality 
of the air indoors, on which we have not yet 
touched. 

Vhere is one country in the world in a high 
state of civilisation where the question of venti- 
lation is of no importance, and that is Japan. 
Here, owing to the paper walls of the houses 
and rooms, and their extraordinary mobility, 
the air indoors and out-of-doors is more easily 
kept alike than anywhere else ; and it is quite 
poasible that in our intimate associations with 
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Ja we may find some ‘principles that could 
bs adopted with advan even here. 


Of course, our great difficulty in land is 
not only the solidity of our peat oer the 


inclemency and changeablenese of our climate, 
m which nearly every attempt at ventilation 
causes a horrid draught. 

Ventilation is, of course, the science of effectual 
changing the air indoors without draught, and it is 
a science of the greatest importance to the health 
and well-being of this country. 

Out-of-doors the air is generally in more or Jess 
rapid movement, and thus, even in the heart of 
London, fresh breezes from the country, travel- 
ling at from 10 to 15 miles an hour, frequently 
come from the fields and flowers, and the air is 
being continually changed. The largest crowd 
cannot make the air close, and it is only when it 
is allowed to stagnate that it becomes injurious. 
Hence the danger of courts and alleys which 
have only one entrance, the building of which 
is now wisely forbidden. No; the evil really lies 
in the extraordinary folly we display in our 
dwellings, where, as a rule, with overy arrange- 
ment for comfort and even luxury, none is 
definitely made indoors for securing pure air 
for the breath of life. 

Poisonous Cottages in Fine Air. 
It is certainly startling to find what numbers of 
people are thus poisoned in the finest air in the 
world. In the country, and in Scotland especially, 
the death rate from consumption is very high 
amongst the women in proportion to the men ; 
and this is undoubtedly due to the indoor life 
of the former as compared with the latter, for 
any greater contrast between the air of a High- 
land moor and that of a Highland cottage it 
would be hard to conceive. It is for a similar 
reason that so many people derive small 
benefit from their seaside change. They spend 
half their time—their nights, at any rate—in 
such small, stufty, over-crowded and poisonous 
rooms, with windows that do not open at the 
top, that the good of the fresh breezes of the day 
is quite undone. 

n the Hebrides, consumption is almost 
unknown, for the cabins there, built of unhewn 
stones, allow an abundance of fresh air to enter, 
while a great square hole, 18 in. in diameter, in 
the roof, carries off all the foul air. On a large 
estate on the mainland, where this primitive 
state of things was with the best intentions done 
away with, and the rough shanties were replaced 
with neat cottages, whose walls and roofs were 
hermetically sealed with plaster and whitewash, 
and whose windows and doors werc close-fitting, 
the mortality speedily increased, in spite of the 
greater comfort thus afforded. 

Air in Hospitals. Yeas ago, in the 
Franco-Prussian War, numbers of the wounded 
soldiers were placed in draughty barns, the 
hospitals being over-crowded. Cold and com- 
fcatleen as these barns were, those who were in 
them got well more quickly than those who were 
in hospital, simply because they had more fresh 
air; and similar experiences have repeated! 
ocourred in other wars. If cannot be too mu 
insisted on that close air is as poison to the sick. 
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with equal ease; but as to the breath of life, 
we are compelled by an inexorable law of Nature 
to draw in whatever air we ha to be standing 
in, about 17 times every minute of our lives, 
day and night, without ceasing, or about 
9,000,000 times every year, whether it be pure 
or poisonous. What an amazing importance, 
then, attaches to this one question of ventilation ! 


Gradual Poisoning by Vitiated Air. 
Another fact also shows the vital import- 
ance of thoroughly understanding this subject. 
The poison of carbonic acid gas is like those 
poisons (arsenic, etc.) selected by scientific 
murderers for their victims, in that it is insidious 
and gradual in its action. By constant habit, 
greater and greater quantities of it can be taken, 
profoundly injuring the whole system, though 
not absolutely destroying life. There are man 
rooms in which we live, and especially in whic 
we sleep, which get in such a state that a person 
introduced into them from the open air is nearly 
stifled. 

The reader will soon demonstrate this if, some 
morning, he will get up and dress and go straight 
out-of-doors for a few minutes, shutting up the 
unventilated bed-room, and then return and shut 
himself up in it and try to breathe. 

It must never, however, be imagined that 
because we can get accustomed to poison, # 
does us no injury. The contrary is the case, 
and chronic slow poisoning is the worst. 

The constant breathing of impure air produces 
blood-poisoning of the most profound descrip- 
tion, known as anemia. In this terrible disease, 
all colour goes from the face, and even from the 
lips and gums; the breath is short, the blood 
itself watery, and the whole system a prey to 

diseases. 


other passing di 


The Vital Need of Our Lives. It can- 
not be too widely known that we owe our lives 
to the power the fresh air has of entering a room 
and the foul air of leaving it If a man 
enters a large dining-room and seals up door, 
window and chimney, he can exist one hour 
on the air it contams and no longer; then he 
will die. His life does not depend on the size of 
the room, but on its ventilation, and this people 
so often forget. 

Ventilation, then, 1s the process of intro- 
ducing into our rooms pure air for inspiration 
and getting rid of the impure air of expiration 
freely and without draughts. 

One very great difficylty exists with regard 
to all ventilation, and especially amongst that 
class whose health is really their wealth and 
capital, those who earn their daily bread by 
hard work in towns. We must remember that 
fresh air is cold, and that impure air, as it is 
breathed out of our lungs, is warm, nearly blood 
heat, or 98°, and it is this fact which constitutes 
the fundamental difficulty in ventilation. 


The oo Commission of 1885 on the Housing 
of the ee ee recognises this, 
and says: “ }t must never be forgotten that 
the human body hes a desire and a need for 
warmth, and that fresh air, which is so neceusa 
to the health of a well-nurtured body, chilis the 
half-starved, ill-clad frames of men and women 
whose homes have been described.” 

Fresh Air Costs Money! The simple 
truth is this. The poor find out that by 
far the cheapest way of warming a room 
is by their own breath, and they therefore stuff 
up every crack and crevice, close door and 
window, and crowd closely together, rigorously 
keeping out that on which their very life depends 
—pure air. And were it not for the chimneys 
in most rooms, deaths directly from this cause 
would be far more common than they are. Even 
at sea, some of the foulest air in the world is to 
be found in the seamen’s cabins in the forecastle, 
which are warmed by the same poisonous means, 
The difference between pure warm air and foul 
warm air cannot be too strongly insisted on, and 
the fatal effects of living or sleeping in close 
rooms, warmed by the heat of one’s own puison- 
ous breath, too plainly pointed out. It is a 
matter of pounds, shillings, and pence, and the 
pity is that those who need this pure air most 
are those who have least of these three things to 
spare. If theroom isto bekept fresh and pure, more 
coals must be burnt, or more clothes worn, or both. 

It is curious, seeing the enormous importance 
of this subject, that it has not yet been found 
possibie to apply to the dwellings of the poor 
any simple way of warming the fresh air as it 
enters a room. Some of the rich who can afford 
it adopt a Galton grate, which does this by 
admitting the fresh air at its sides ; but we still 
think that in the vast blocks of model dwellings 
rising all over London some way might be 
found of economically laying on warm fresh air 
to a flat from a central furnace. 

In schools a wholesome horror of rebreathed 
air should be vigorously inculcated, and _ its 
deadly effect shown by experiment, so that 
when the children grow up, nothing will tempt 
them to live in close rooms and breathe foul 
air. Carbonic acid gas, produced by the various 
functions of life in our bodies, 
and breathed out with every 
breath, is a powerful brain and 
nerve poison. Ita effects are in- 
tensified when combined with 
the germs in expired air. 

Effecta of Poisoned Air. 
Itis this, too, and not always the 
sermon, that makes people so 
sleepy in churches and chapels. 
It is this, and not the lesson, 
that makes children so listless 
and fidgety in ill-ventilated 
schools. It is this, and not hard work, that 
makes people so dull and heavy when they 
‘wake in the morning. It is this, and not mere 
temper, that makes the wife or the work-girl who 
has been working in a close room all day so 
irritable. The need for ventilation 1s 50 pressing, 
as we have shown, that efforts will never cease to 
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come nearer and nearer to an ideal. That ideal 
is to make indoor air in the country as pure 
as outdoor air. 

It must be remembered that that is tho problem 
—since the foulest outdoor air is purer than the 
best indoor; and the evil of cities is not the air of 
their streets, but the indoor lives of their inhabi- 
tants. Now, the air out-of-doors contains ‘04 per 
cent. of CO,, and it has long been found that. to 
attain this standard of purity indoors is practically 
impossible. By common consent, therefore, the 
standard of pure indoor air has been made to 
differ from outdoor; for the former has been 
raised to ‘06 per cent. CO., while the latter is 
‘04 per cent. CO,. Perfect ventilation may there- 
fore be defined roughly as the scienve of Lenina 
indoor air below ‘06 per cent. CO, without causing 
a perceptible draught. 

If indoor air on the average had to be kept 
actually as pure as outdoor air, about 100,000 
cubic ft. per hour should be supplied, which means 
a movement of 17 ft. per second; but in this 
climate any movement of the air of over 6 ft. 
pe second produces a draught, and the air must 
ye changed without draught, which shows the 
necessity of the compromise. 


An Analyais of London Air. Out- 
door air in the New Cut has 4 parts CO, in 
10,000. 


The following are specimens of indoor sir : 
Ventilated and fresh 6 parts CO, in 10,000 


Rather close a. ar 2 
Close .. ow. lw. lw. 210, - 
Vory close 2... 6. SB, 4 
Close bed-room .. oo... 157 ,, i 
Foul by smell 2.006. 17. is 
Pit of crowded theatre 20 ,, ‘3 
Box of crowded theatre 30, SG 
Crowded school-room.. 37 ,, is 


The Metropolitan Railway in some parts has 
15 parts CO. in 10,000. 

These results are produced in various ways, 
of which a rough outline has been previously 
given, but it may be considered a little further 
here. 

The following are the amounts of CO, given 
off and air used per hour by — 
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Now, the maximum addition to outdoor air for 
pure indoor air is ‘2 CO, per 1,000 ft. If aman 
ives out ‘6 CO, per hour, and only ‘2 CO.,, can 
put into each 1,000 ft., it is evident that he 
must have 3,000 cubic ft. outdoor air per hour 
suppued to him to put it in. This is the founda- 
tion-stone of all ventilation. 
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Combustion is the next impurity to consider. 
Two gas burners produce 6'0 cubic ft. CO, per 
hour, or as much as 10 men. If, therefore, a 
man were shut closely up in a small room he 
could live one hour in the dark; with a candle 
three-quarters of an hour; with a lamp half an 
hour; and with two good gas lights five 
minutes! But the CO, from gas is so pure, as 
compared with that from human beings, that in 
this case each cubic foot of CO, requires only 
90 cubic ft. of air to dilute it per hour. 

A Test for Pure Air. Every cubic foot 
of gas burnt produces half a cubic foot CO, and 
requires 450 cubic ft. of air to dilute, besides 
fresh air needed for respirating impurities. A 
simple test for pure indoor air is to fill two 
bottles (half-pint) with water and empty them 
in the room you wish to test, so that the air of 
the room takes the place of the water. Then 
to one bottle add one tablespoonful of limewater, 
cork the bottle, and shake 1t well. If the lime- 
water remains clear the air is pure, and the CO, in 
it 18 very much under ‘06 per cent. If it becomes 
milky it is impure, the air containing over 
06 per cent. CQ,. 

To the second bottle full of air add two 
tablespoonfuls of Condy’s Fluid and shake it. If 
the colour remains, the air 18 pure; if it dis- 
appears or changes to dirty brown, there is 
excess of organic impurity in the air. 

Cattle require three times as much air as men ; 
a@ pig the same. The sick require at least a 
quarter more than the healthy. 

Let us look, now, at the ideal and the actual 
allowance of cubic space of air. 

The Air Space We Need. Pure indvor 
air at 61° contains not more than ‘06 per 
cent. per 1,000 cubic ft. of CO, and 75 per 
cent. of its capacity of water vapour. To 
maintain this, theoretically, requires a supply 
of 3,000 cubic ft. of fresh air per hour per 
human being. It is found, morcover, that, 
as air can only be changed in this climate 
three times an hour without draughts, 1,000 
cubic ft. of air space is required to admit 
of the circulation of 3,000 cubic ft. per hour. 
It is very seldom, however, that 1,000 cubic 
ft. is allowed. A man himself takes up 3 cubic 
ft.; a bed, 10. 

A common allowance of air space in certain 
buildings is as follows: factories, 400 cubic 
ft.; lodging houses, 240 cubic ft. ; public schools 
and barracks, 600 cubic ft.; hospitals, 1,200 
cubic ft.; some London schools, 130 cubic ft. ; 
some Edinburgh schools, 100 cubic ft.; prisons, 
860 cubic ft. ; infectious hospitals, 2,000 cubic ft. 


It has been found in schools that with 230 
cubic ft. per head there was ‘14 per cent. CO,, 
being an excess of ‘08 per cent. (with two venti- 
lators open); with 200 cubic ft. per head there 
was ‘32 per cent. CO., being an excess of ‘26 per 
cent.; with 100 cubic ft. per head there was 
‘37 per cent. CO,, being an excess of °31 per 
cent. (with one smal] ventilator) 

This state of things is being improved every 
year as the principles of good ventilation are 
more and more widely practised. 

Small rooms actually get much more impure 
than larger ones, even when air is changed at 
the same rate, owing to the little diffusion. and 
the clinging of the organic matter to the walls. 

Change of Airin Rooma. The rapidity 
of the change of air in a room practically 
depends mainly on the difference between the 
inside and outside: temperatures. The mere 
existence of an opening does not make air move. 
Itis when a room is hot and the atmosphere cold 
that air is drawn in in such quantities. Hence, 
a small aperture in winter Jets in as much air 
as a larger one in summer. Indecd. there are 
days when, with all the doors and windows open, 
the air does not move, and any purification is 
by diffusion, and not by currents of air. 

Air comes direct through walls. It was 
found that a closed room, containing 3,000 
cubic ft., had its entire air changed in one hour 
when the inside temperature was 65° and the 
outside 32°. Air should not move more than 
5 ft. a second in this climate if there is to be no 
draught. The opening to admit fresh air for 
each person is thus 24 sq. in., and is worked 
out in thn way. 

Twenty-four square inches is one-sixth of a 
square foot of 144 in., and if the air moves at 
5 ft. per second, five-sixths of a square foot 
enters this aperture per second; or per hour 
(60 x 60), 3,000 fq. ft., which is just the 
amount required by one person. Practically, 
therefore, sceing 24 in. is a space 6 in. by 4 in., 
a window 4 ft. wide—z.e., 6 x 8 in.—open 4in., 
gives entrance to enough fresh air to supply 
cight people ina room. Of course, this is with- 
out lights. Theoretically, therefore, at night 
when the lights are on, the operation should be 
Increased ; practically, it is decreased ; hence, 
the air in a room is nearly always much fouler at 
night than in the day. 

We are now in a position to consider intelli- 
gently the question of natural ventilation ; 
by this we mean the natural movements of 
air as distinguished from artificial vontilation, 
by which the air is extracted or pumped in. 


Continucd 
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Scorpions and Spiders 

Arachnids (including scorpions, spiders, mites, 
etc ), though sometimes a wood confounded 
with insecta, dbffer from thom m a number 
of ways, some of which are sufficicntly obvious 
The head and thorax are always f together, 
and the former does not bear slender feelers 
(entennce) ; there are four pairs of walking legs; 
wings are never present , and the young, when 
hatched, resemble the adult m form 

Scorpions. Scorpions (486 and 487] are 
characteristic of the hotter parts of the globe, 
but some of the smaller species hive in South 
Europe Here, as in Arachnids generally, the 
rings or segments which make up the head and 
thorax are so imtimately fused togethe: that 
their boundaries cannot be seen The s giments 
of the abdomen, however, aie very clearly 
demarcated [488], and it 18 characteristy of 
scorpions that this region should consist of 4 
broad basal part 
followed by a nar- 
row ‘tail,’ at the 
end of whith a 
sharp curved sting 
1s situated 

The food consists 
chiefly of insects 
and spiders, as well 
a3 of other small 
creatures These 
are seized by means 
of the first two 
pairs of append- 
ages, situated in 
front of the walk- 
ing-legs ‘The first 
(chelscere) are short 
and termmate in 
sharp nippers, while 
ihe eh larger 
second appendagcs 
(pedspalps) bear large pincers resembling those 
of a crab: Having seized a victim, the scorpion 
raises the narrow tail over the back and brings 
the sting into operation Near thc sharp tip of 
this two httle poison bags open, and thei secre- 
tion being injected into the wound immedaately 
proves fatal The prey 1s not chewed and 
swallowed, but its juces are extracted, the 
stomach of the scorpion being a sort of suction 
pump and its mouth exceedingly minute 


Midnight Marauders. Scorpions lurk 
under stones and m other dark places, and 
are nocturnal m ther habits In colour they 
are mostly dull—or even black, harmonming 
with their surroundmgs, and thus securng & 
measure of protection as well as beimg made 





486 SCORPION (UPPER SIDE) 


Abdonien 
Pedipaip 
Sting 
,h Contral eves 


a VWead and thorax b 
ec Chelicerae 
e Walking Icgs 
g Hront cves 


mconspicuous to their prey There are two eyes 
on the top of the head, in the middle, and two 
groups of somewhat simpler ones on either aide, 
ut the front corners of the same region These, 
however, do not seem to be particularly efficient. 
On the under side of the body, just behind the 
last walking logs, aro two curious comb-shaped 
structures representing a modified pair of hmbs, 
and probably serving as organs of touch [487a] 
A scorpion does not breathe, luke an insect, 
by means of an tubes, but by four pairs of lung- 
books, the slits opening into which aro casily 
seen on the under side of the broad region of 
the abdomen |487b] A large number of delicate 
plates, resembling the leaves of a book, project 
into each of them, and hence the name lung- 
book It is m thes that the blood 18 punfied 
Spidera, These familar animals differ 
from scorpions in several respects, as a glance at 
495 will clearly rhow The abdomen, imstcad 
of bemg elongated 
and clearly divided 
Into rings, i B 
rounded mass in 
whih the bound- 
anies between these 
aro not visible 
The jaws do not 
terminate m= pin 
cera, but, in the first 
pair (chelecerar), the 
end yoint can be 


bent down — for 
grasping ea 
like the blade of a 


pocket knite [488] 
The second jaws 
werve as fcelais 
There are from six 
to eight simple eyes 
upon the top of 
the head 

Spiders are fully as rapacious as scorpions, 
and hike them they suck the juices of ther 
victims, which are killed or paralysed by the 
sceretion of poison glands that open upon the 
first jaws, and thus compensate for the absence of 
a tail sting The colours and markings, o4 in 
scorpions, make these crcoatures inconspicuous, 
serving the same double purpose  Isreathing 
8 effected either by four lung books, or, more 
commonly, by two of these organs together 
with air tubes resembling those of msects 


Websepiders. The most familar spulers 
construct webs of vanous kinds to serve as 
snares for ther mscct prey, a device whiuh 
fully compensates for the absence of wings 
Taking the common garden epider (Hpewa 
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diadema) as a type, we shall find that the silk- 
glands open on six little teat-like projections, 
the spinnerets, situated on the under side of 
the abdomen near its 

hinder end [489]. The / 

ends of these are 
studded with about 600 
minuto tubes, some 
larger then the rest. 
The fluid which cxudes 
from each of those at 
once hardens into a 
thread of almost incon- 
ceivable tenuity Every 
line of the web is ex- 
ceedingly complex, for 
it consists of some 600 
strands; woven 
together. Hard- 


ening takes is 
place much 

more quickly 7/7; 
than if it were tN 
\ 


in one piece, 
and it is also ™ 





very muc h SPINNERETS 
stronger than it l OF GARDEN 
would otherwise : aged 7 
—~— @ On 
be. And yet middle, and 


it is 80 exceed- i Darina : hind eptnneret 
ingly . delicate a End joint of left, Foal silk tubes 
that it 18 very turneddown 6 Mud of a middle spin. 
much finer than of right, turned up neret /. Threads 
the most deli- e Poison gland (much enlarged) 
cate human hair. 

Making the Web. , 
The web of the garden 
Spider, noted for ts 
great beauty and regu- 
larity, 18 vertically dis- 
posed in a hedge or some 
other convenient plare, 
often in the neighbour- 
hood of water, where 
flies and gnats abound 
The web is made by the / 
female. To begin with, 

a roughly four-sided 
quadrangular frame 1s 
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frame, where the other end is made fast. Ascend. 
ing to the middle (O) of this vertical thread, she 
attaches a new one and, ascending to the top 
of the frame, pulls it tight and fixes it at a 
suitable distance from the vertical one (F). 
There are now three completed radial threads, 
two of which are the upper and lower halves of 
the vertical line. The radial part of the web is 
completed in similar fashion. 

The numerous radiating threads which have 
now been made are next united by a spiral one 
(the first spiral), the formation of which takes 
place from within outwards. This first spiral 
is then gradually removed and replaced by a 
second spiral, which is of sticky character, and 
serves to entangle the prey. It starts on the 
outside of the web, but does not reach the centre, 
where a piece of 
the first spire 1s 
allowed to re- 
main. It is here 
[496] that the 
ingenious weaver 
commonly _ sta- 
tions herself and 
patiently awaits 
the expected 
hooty. In some 
cases, however, 
she lurks in the 
vicinity of the 
web, and the vi- 
brations of a 
special “* signal 
line” enable her to tell when a victim has fallen 
into the toils. It must be added that the 
exigencies of the case usually mvolve more or 
less departure from the type described, especially 
in the outer part of 
the web | 498]. 

The Legs of the 
Spider. The four 
Jegs of a spider do not 
all play the same part 
in the making of a 
web The two first 
pairs are concerned 
with maintaining the 
proper distances be- 


joe 
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490 BEGINNING OF A GARDEN 
SPIDER'S WEB 


a,b, ¢,d. Krame e Vertical thrcad 
1, gh, k. Radial threads o Centie 


constructed, the uppcr q Climbing claws 402. WEB OF HOUSE SPIDER (REDUCED) tween the threads as 


side being made first 6 Walking claw 
[400]. Fixing the be- e. Toothed bristle 
ginning of this thread (A) to a support, the 
spider crawls horizontally to a convenient 
istance, spinning as she goes, pulls it taut, 
and then attaches its 
other end. The other 
three sides of the frame 
(B, C, D) are con- 


feshion. 
The second or radial 
part of the web, ar- 
sag tie iret poco nget 408. A WATER MITE 
ceives attention. Climbing to the middle of the 
upper side of the frame the spider fixes to this a 
thread (E) and drops down to the lower side of the 
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a Snare 0. Lurking chamber 
ce Back door 


404. WATER SPIDER 
a. Nest 0b. Kags 
ce. Spider with air-bubble 


they are spun, while 
the last two pairs have 
s to do with weaving the 
same, holding them 
F clear till attachment 
aM, ise points are reached, and 
WAN then secumng their 
fixation. When we 
further remember that 
the spider climbs over 
her web with ease and 
tis and without 
oing it the least dam- 
age, we shall not be 
surprised to find that 
her feet are of peculiar construction. Each of 
them [401] bears a couple of comb-shaped climb- 
ing claws, extremely smooth so as to obviate 


d Sand grains 








entanglement with the web. During the 
sien on earth or vegetation these are rotected by 


a strong curved “ walking claw.” The toothed 
base of the latter helps in weaving, as does also a 
curious toothed bristle which is present. . 
Cobwebs. The webs of the common house 
spider (Tegenaria domestica), woven in some 
convenient corner [402], consist 
of a horizontal net, the actual 
snare, and @ covered lair at 
the back of this, where the 
cwner can wait unseen. The 
lair is provided with a back 
door or emergency exit. Grains 
of sand and similar substances 
are sometimes employed to 
weight down the web and keep 
it in proper position. 
Gossamer. The floating 
lines of silk which drift through 
the air in spring and early 
autumn are often believed to 
be the work of a special kind 
of “ gossamer spider.” This, 
however, is not the case. They 
are spun by young spiders of 
various species to serve as means 
of dispersal. Tho little aeronaut 
commences operations by stand- 
ing on some firm object, facing 
the wind, and spinning mooring- 
strands. The end of the abdomen is then 
turned ri and a thread woven which streams 
out in the wind. When sufficiently long to 
support the weight of the spider the moorings 
are cut and the little creature is wafted away. 
Water Spiders. Among the inhabitante 
of ponds and ditches in this country is to be found 
the water spider 
(Argyroncta uqua- 
ttca), which hunts 
down small crus- 
taceans but does 
not construct a 
web. For the pro- 
tection of the eggs 
a thimble-shaped 
nest is woven [494], 
moored by threads 
to stems or leaves, 
and smeared exter- 
nally with liquid 
silk to make it 
watertight. The 
nest is filled with 
air b t down 
from the surface of 
the pond in succes- 
sive bubbles adher- 
ing to the hairy 
body of the spider. 
unter Spiders. A_ great many 
species construct no webs, but use their 
silk merely for lining their dwellings—which 
are commonly underground—or the construction 
of protective investments for the eggs. Such 
forms simply stalk their prey, seizing the 
victims when near enough by « sudden spring. 





wt 
Feats eat: 
495. BIRD-SPIDER (REDUCED) 


~ 466. WEB OF GARDEN SPIDER (REDUCED) 
(Photographs by Prof. B. H. Bentley) 
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One such type is the tarantula-spider (Lyoosa 
tarantula), which was onco sia poasdl to le 
virulently poisonous. Violent and prolonged 
exercise was prescribed as the only means of 
cure, and the dance known as a “ tarantella”’ 
seems to have been invented to promote this. 
The clever trap-door spiders aro widely 
distributed hunting spiders, 
noted for the neat way in which 
their underground dwellings are 
constructed. A cylindrical bur- 
row is dug out and lined with 
silk tapestry, mtruders being 
excluded by means of a circular 
door. This is made of particles 
of carth cemented together 
with silk, and provided with 
a strong hinge of the same 


material. A combined home, 

lurking-place, and nest is 

thus provided. 
Bird-spiders. Some of 


the tropical species are of gigan- 
tic size compared with our 
native forms. Well known 
among them is the bird-spider 
(Mygale avicularia) of South 
“| America, the hairy body of 
which is littl: short of threo 
inches in length [495]. Its 
prey consists of insecta, other 
spiders, frogs, lizards, and even small birds. 
Courtship and Mating. The male 
spider is relatively small and weak, while the 
female 14 apt to be savage, xo much so that 
incautious advances on the healt of a lover 
are not infrequently fatal to him. The body 
of the deceased furnishes light refreshment. 
In many spocies the 
male in beautifully 
coloured, and exh- 
bits his charms to 
best advantage in 
the course of a weird 
sort of dance. 
Mites and 
Ticks. These are 
mostly of — very 
small size, and all 
three regions of the 
hody are — furnod 
together into an 
ovoid mass, Mites 
are terrestrial or 
aquatic (488). Of 
the former — the 
cheere-mite (Tyro- 
gly phua astro) is the 
most familiar. 
Many are parasitic, 
some damaging cul- 
tivated planta, such as gooscberries and currants, 
others giving rise to certain diseases of animals, 
particularly itch and mange. Ticks are some- 
what larger forms, which suck the blood of various 
mammals, and even attack human beings. They 
ierce the skin by means of their sharp pro- 
oasis and only Jet go when gorged with food. 
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GILL BEARERS 
These remarkable creatures 
live in shallow water on the western shores 


Ki ng-crabs. 


of the North Atlantic 
and Pacific, feeding 
chiefly upon marine 
worms ey are the 
last survivors of a 
waning group, and in 
some iespects resemble 
arachnids, though they 
breathe by means of 
gills and are also allied 
tothe crustaceans The 
front part of the body 
(head and thorax) 138 
covered with a strong 
semi-circular shield 
[498], on the upper side 
of which the eyes are 
situated. This 
region bears s1x 
pairs of limbs, 
c or responding 
to the chelicerze, 
pedipalps, and 
walking-legs of 
® scorpion or 
spider, Their 
bases surround 
the elongated 
mouth, and are 
roughened to 
serve aS Jaws 
The last pair 
aio used for 
digging 

The rings 
making up the 
abdomen are 
also fused to- 
ge ae pio 
tecto & 
shield above: O eniicas 
and bearing 4 
tail-spine 
which serves to mght the 
animal if accidentally turn- 
ed on its back. There are 
plate-like abdomunal limba, 
on the upper surfaces of 
which delicate folds play 


eA 


the part of gills. 
Eurypterids and | 
Trilobitea. These are | 


\wo anoient groups of | 


animals, long since extinct, 
but resembling the king- 
crabs in sofhe respects 
Many of the body rings 


were distinct. Some ofthe | 


Eurypterids [505] were as 

much as 6 ft. long—for 

details see GEoLoay. 
Trilobites [497], which 


came into existence long before the Eurypterids, 
wore mostly of small size, the largest species not 
exceeding a length of 1 ft There were delicate 
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e Tailspine d@ Digging leg 
ominal limbs 





497 TRILOBITES 


II has head shield missing III is rolled up 


499. CRAYFISH 


a Head B Thorax ¢ Ab 
domen d@ [felson e Small 
feeler ff. Large feeler 


6b Abdomen 


g Side piece of tail fin 





501. HERMIT CRAB AND SEA ANEMONES 
(Photographs by Professor B. H. Bentley) 


J has tai) shield missing 





SHIP BARNACI ES 
(RLDUCED) 





feeiers on the head, and numerous slender forked 
limbs, some of those in front being modified into 
jaws. Eyez, sometimes of great size and com- 


plexity, were usually 
present, but some 
species were blind. Cer- 
tain kinds were able to 
roll themselves up hke 
hedgehogs when 
alarmed. 

Crustaceans. 
This large class of 
jointed-limbed animals 
includes lobsters, 
prawns, shnmps, crabs, 
and other rainihar forms, 
the great bulk of which 
alc aquatic, though the 
wood lice have become 
adapted to a hfe on land. 
The body w 
clearly divided 
into rings, 
though those 
of the head are 
fused together, 
and this 18 
more or less the 
case—in higher 
forms — for 
those which 
compose the 
thorax Limbs 
are borne on all 
three regions 
of the body. 
and are typi- 
cally forked, 
but m many 
instances the 
outer branch of 
the fork has 
been lost The 
head bears two 
paus of feelers 
Crustaceans 
commonly hatch out as free- 
swimming Jarve, more or 
less ihe the adult m 
form. 

Higher Crustaceans. 
In these the body 1s made 
up of 20 rings, 5, 8, and 7 
of which belong to head, 
thorax, and abdomen res- 
pes There are two 
atge cognpound eyes, and 
the larval form is known as 
& zowa, distmguished by 
the possession of a large 
shield covering the front 
part of the body, and a 
slender, limbless abdomen 
[508] The group 1s 
divided into (a) astalk- 


The lobsters, 


eyed and (6) sessile-eyed forms. 
StalKk-eyed Crustaceans. 
crabs, etc., included in this subdivision possess a 


atrong shield or carapace, belonging to the 
head and thorax, all the rings of which are in- 
timately united into a solid mass. The horny 
covering of the body is more or less strengthened 


by limy matter, so as to constitute a hard 
“crust,” whence the name crustacean (Latin 


crusta, ® crust). This is unable to increase in 
size as the body grows, and is therefore cast off 
or moulted periodically. The ‘lack of mobility 
in the front part of the body that resulte from 
fusion is partly compensated by the stalked 
eyes, which can be moved about to a consider- 
able extent. The members of the group are 
often known as the “ ten-footed”’ crustaceans 
(Decapoda), because there are ten obvious limbs 
—the two great pincers and four pairs of 
walking-legs—all belonging to the thorax. 

Large-tailed Decapods. These in- 
clude lobsters, crayfishes, prawns, and shrimps, 
all marine except the crayfish, which lives in 
rivers. It will be convenient to take the last- 
named as a type [499]. The large tail consists 
of seven segments, all bearing appendages 
except the last (telson). 
These are forked 
paddies (swimmerets), 
which constantly swing 
to and fro, keeping up a 
current of water useful 
for breathing purposes ; 
besides this they are 
used Lo some extent in 
swimming (especially in 
shrimps and prawns). 
The eggs of the female 
are attached to them, 
and are thus well pro- 
tected up to the time of 
hatching. 

The Swimmeret. 
A swimmeret [507] con- 
sists of a short stalk, an 
outer branch, and an 
inner branch. In those 
borne by the last seg- 
ment but one the stalk is very stout, while the 
outer and inner branches are broadened into 
plates which, together with the telson, make up a 
powerful tail-fin. Swimming is effected by 
powerful downward movements of the tail 
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504 SHORE CRAB WITH (A) SACCULINA ATTACHED 
(Photographs by Professor B, H. Bentley) 
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(abdomen), during which the tail fin is spread 
out to ite fullest extent. By this means the oray- 
fish is propelled rapidly backwards. Every 
time the tail is straightened in readiness for a 
downward stroke, the tail fin folds up, so as to 
reduce the resistance of the water as much as 
possible. Tho front part 
of the body, soveed ts 
the carapace, is divided 
by a neck-groove into 
head and thorax. On 
either side of the latter 
is a chamber containing 
& number of plume-like 
gilla. They are covered 
by the side of the cara- 
pace and thus protected 
from injury. The pin- 
cers and walking-legs 
borne by the last five 
Fegmonts of the thorax 
have lost the outer 
branch scen in the swim- 
‘merets. These are pres- 
ont, however, in the three 
pairs of foot-jaws [508] 
attached to the first 
three segmonts of the 
thorax and helping to break up the food. Some of 
the gills are attached to the thoracic appendages. 


Powerful Jaws. The last three of the 
fiv: head segments bear jaws [608], named, 
from behind forwards, second mazilla, fire 
mascille, und mandibles. Tho last (which, like 
the first maxille, have lost the outer branch) 
are extremely powerful. An oval plate, the 
baler, is attached to the second maxilla, and 
lies in the front of the gill cavity. Tta constant 
movements help to keep water moving over the 
gills. Jaws and foot-jaws alike move from side 
to side. These biting structures are supple- 
mented by a complex chewing arrangement, or 
gastric mill, contained within the stomach. This 
is present in alt the higher crustaceans. 

n front of the jaws are two agg of forwardly- 
directed feelers (antéennir). The hinder peir arc 
large and relatively jung. They are chiefly 
concerned with touch, and constantly describe 
sweeping movements. The small first feelers 
are obviously forked, and have to do with both 
touch and smell, while an open sac is lodged in 
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NATURAL HISTORY 


the base of each. Though this is often dessribed extent from their numerous foes. Others are 
as an organ of hearing, its chief, and perhaps its protected by a chevaux-de-frise of long, sharp 
only, use is to assist in maintaining the ce spines. Others, again, make themselves in- 
of the body by acquainting the crayfish with its conspicuous by cultivating seaweeds or sponges 
varying positions in space. The on their backs. Sponges smell and 
front end of the carapace tapers into taste ng erp besides which 
& sagt | spine, on either side of which they are full of sharp spicules ; and 
is a deep notch occupied by the hence, fishes and other enemies leave 
stalked eye. them alone. We also find a sort of 
Relatives of the Crayfish. comradeship between certain crabs 
The marine relatives of the crayfish and sea-anemones attached to their 
hatch out as larve, but such an carapaces [see Plate facing page 
arrangement is unsuitable for life 4081]. The anemone gets carried 
in rivers, for these would be unable about and, therefore, has a better 
to resist the current, by which they chance of secur- 
would be swept down to ; ing food, while 
thesea to perish. The cray- wis ' Sits stinging 
fish that is just hatched “—Y powers go far to 
, shield its mess- 
mate against 
attack. 
Hermit Crabs. 
Hermit crabs, which 
are intermediate in 
character between or- 
dinary crabs and the 
long-tailed lobster tribe, 













closely resembles the adult \% " 
in appearance, and for some : 

time holds on to a swim- iy 7 
meret by means of its sharp C 
pincers. Even when some- 4 ; 
what further advanced it — 
receives & share of mater- Fi 

nal protection, sheltering 
under its mother’s tail on 





the approach of danger. V possess @ather long tails. 
Among other long-tailed _c 506. zoAEALARVA which are, however, 
crustaceans the little Aisop ae = ee ae b. ae quite soft and defence. 


prawn (Hippolyte varians) d. Heart ¢ Abdomen 88. To make up for 


is of particular interest on . this the empty 
account of the way in 507. BOA ' shell of a seu- 
which it is able to change l SWIMMERET snail is used as 
colour for protective pur- 598. saws AND 4 Shee Kg | &® covering. 


Upon this shell 
one or more 
sea - anemones 
are usually 
found a8 mess- 
mates [501). 
From time to 
time anew and 
larger shell has 

to be appro- 
510. NAUPLIUS LARVA Priated, to 
a. Unpaired eye 6. First which the 
feelers = ¢. Second feelers Fermit crab 
a. Kye d. Mandibles aa said $65 


transfer his guardian anemones. 
Seasile-eyed Crustaceans. 
These are much emaller than the 
stulk-eyed forms, and only the front 
ring of the thorax is fueed with the 
head. There is but a single pair of 
foot-jaws, and the eggs are sheltered 


poses. A red, green, or FOOT-JAWS OF ¢. Inner branch 
brown livery is assumed, orayrisn | 
aveording to the hue of the — 1. Mandihles 
seaweeds among which it I. oo First artd 
lives. On the approach of 1V.V.& VE Muet, 
night it changes to a beauti- second and third 
ful blue, but the meaning [ot pane Outer 
of this “‘sunset”’ coloura- a. Baler 
tion is not fully understood. 

Some of the deep-sea prawns are blind, 
others possess enormous eyes, and many 
emit a phosphorescent light. 

Short-tailed Decapoda. These are 
the Crabs [502-4], in which a swimming habit 
has been abandoned for a creeping 
one. The head and thorax are 
enormously broadened out, while 
the insignificant and dwindled tail 
is tucked up on the under side of 
the body out of harm's way. All 
crustacea are scavengers, but the 
crabs are notoriously so. Some of in a brood-chamber on the under side 
them have taken once more to of the thorax. The eyes are devoid 
swimming, but not by means of the 511. sanp-HorpeR Of stalks, giving origin to the name 
tail, which has been too much re- a. Head and first ring of thorax sessile. The group includes (a) 
duced to be again enlarged for the > Laat seven d. hye of thorax gand-hoppers and their allies, and 
pertormanice of its original function. and jf. second feelers g- Foot. (b) slaters. Tha sand-hoppers and 

he swimming organs are here the J®¥- gr ies one = esd legs their allies are distinguished by the 
last pair of walling-letn: which sriuprenam aly strongly bent body, which is greatly 
have been broadened out into paddies [502]. --flattencd from side to side [511]. This not 

Protective Colouration. Most crabs only promotes swimming, but also springing, 
are so coloured and marked as to resemblo the Jatter movement being particularly ob- 
their surroundings, thus escaping to some vious in the common sand-hopper (Talitrus), 
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which lives mn vast numbers between tide-marks 
on sandy shores 

Slaters are creeping forms with the body 
greatly flattened from above downwards This 
18 an adaptation to life in chmks and crevices 
Sea-slaters are common on rocky coasts, but 
the most familar 
crustacean of the 
kind 1s the land- 











slater or wood- 
Jouse (Ontscus) 
[509], common 


under stones and 
m the crannies of 
old masonry An 
allied form pro- 
tects itself by roll- 
ingup The water- 
slater or water 
wood louse (Asel 
lus) 18 &® Common 
mhabitant of our 
ponds but its 
numbers are kept 
down by many 
enemies, of which 


the water spider 
1s one of the most 
formidable 
Lower ae 512 WAER FIEA 
taceans. €88 gq Compoundeye & Brain ¢ Tnat 


are generally small earee d Pie frclet ¢ h ora ic 
or even minute Mum, Atom tntating 
creatures, present 
ing considerable variation as to the number of 
the rings and the character of the appendages 
They commonly hatch out in the form of an 
oval nauplius larva [510] whuh rows itself 
about by means of the feclers and mandiblis, 
the only appcndagis present at this stage 
There 1s a simple unpaired eye 

Gill = footed Crustaceans § (Branchw 
poda) These forms arc so named hecause 
their flattened Imbs are usd for bicathing 
purposes and bear the 
gills when these are prcs 
ent One of the largest 
and most imteresting 
types, Apus [518], lives 
in stagnant water, and 
possesses a large head 
shield which covers the 
cuef part of the body 
It rows itself along on 514 MUssFL SHRIME 
Its back by means of a Shell & Eye (shining, 
the numerous kaf like thouslye Fes ese 
appendages, to which soft, 
pear-shaped gills are attachid Much more 
specialised are the water Heas one kind of which 
(Daphma) [512] abounds in pond» and th a v¢Ty 
attractive object for the muroscope The tal is 
greatly reduced, and most of the body 15 ¢n: lowed 
in & Jarge bivalve shicld The enormous s¢< ond 
feelers are used a3 oats Between the shell 
and upper side of the body 15 @ spa ¢ used as 
a eed pouch Mussel-shrnmps (Ostracoda) are 





sca er 
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small forms which swarm in both salt and fresh 
water The tail 1s reduced to an meignificant 
stump, as in water fleas, and the whole of the 
body 1s enclosed in a strong bivalve shell [514] 
Fork-footed Crustaceans (Copepoda) 
These minute creatures live m vast shoals at 
the surface of both salt and fresh water, and 
receive thar name fiom the shape of most of 
thou appendages The female of a common 
freshwater species (Cyclops) as hue figured 
carrymg her pan of egg bags [515] The feclers 
are the cluef swim 
ming organs = The 
members of this 
group are of great 
economuc import 
ance, for they 
figuie largely in tho 
food of fishes, such 


as, for example, 
the hering Many 
of them are 


strangely modified pata 
sites, Which may he found 
adhering to the skin ot 
gills of fishes 

Barnacles (urn 
pedia) In thore mem 
bets of this group that are 
not parasitic most of the 
thoracic limbs are) modi 
fied into long, hairy fila 
ments, used as a sweep 
net to produce food The 
tail is reduced and the body fixcd by its head end 
to Bome firm object as well seen in the ship 
barnacle (Lepas) (500) and the acorn Rarniielé 
(Balanus) which abounds on rocks between tide 
mauks In both cases the body i protected by 
shelly plates, but the 
head end of a ship barnac le 
is drawn out mtoa jong, 
flashy stalk 

Many creatures of the 
barack Jand are degen 
crate parasites a remark 
able cxamplo hoe anagy 
aflorded by a form known 
as Sacculena of which the 
adult female wall be 
found attwhed to th 
under side of a crabs tail 
(504) 9 Dissection shows 
that this as provided with 


613 APUS 
a Shichl b Lye 
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aFy 6 Fist ant pPranching root Inke 
‘ eile a - fa We threads, which — ramuify 

within the body of the 
unfortunate host, cxtending cven  imto the 


tips of ith legs These absorb the blood of 
the crab to serve as nourshment for the 
parisite, which 6 litth more than an cgg pro 
ducing arrangement = The life history, however, 
proves: that facculina really belongs to the 
lower crustacca, for it hatches out as a typical 
nauplius larva 
Continued 
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Group 19 
JOURNALISM 
1 


Following upon 
LITERATURE 
from page $783 


JOURNALISM. THE IDEAL CAREER 


The Fascination and Power of Journalism, The Character of the 
Journalist. Sincerity a Decisive Factor. 


The Sense of Wonder 





By ARTHUR MEE 


[HERE is a calling that makes a man a king. 

The man who, having « thought, has dis- 
covered tho secret of spreading his thought 
throughout the world, is a king among men. 
To this royal line belong Plato and Shakespeare 
and Herbert Spencer, and a great host whose 
names would make a longer list than those of 
lessor kings and queens whose names we learnt 
at school. All civilised countries, says Carlyle, 
are governed by books. 

The Democracy of Journalism. At 
the gates of the kingdom of letters lies the 
broad field of journalism. Here, at his will, 
with no sceptre but a pencil, with no authority 
but his intellect, with no force but that of 
character, & man may sit and earn his bread 
and rule the world. No career that is open to 
man can compare with it. No career can place 
© man so quickly on the very heights of power, 
can invest a man so simply with all the possi- 
bilities of fame. Journalism is the most truly 
democratic of all callings. It is open to all, yet 
on the roll of its followers we come continually 
across the names of pocts and statesmen and 
the very elect of the carth. 

Tt has been a greater power in the world than 
any mechanical force controlled by man; _ it 
has controlled those forces. In the history of 
mankind newspapers have been stronger than 
armics. Napoleon feared four hostile papers 
more than a thousand bayonets—“ a regent of 
sovercigns, a tutor of kings,” he said of the 
journalist. 

The Power of the Journalist. And, 
in truth, it is no cxaggeration to say that the 
power of the journalist cannot be exaggerated. 
If he cannot make laws, he makes the law- 
makers. He is the silent force in every Parlia- 
ment, the unseen factor in every polling booth. 
He is present, invisible, in every Cabinet. Not 
a prince upon his throne, not a draper behind his 
counter, is beyond his reach or outside his interest. 
He has, by right of mind alone, the open sesame 
to every place. No door is locked to him; 
even those doors most jealously guarded are 
open, though the public knows it not, to the 
journalist who can keep a secret better than 
he can tell it. He is everywhere, always. 
Nothing happens that he has not seen; there is 
no corner of the world to which he has not been. 
He has the master key of government—at his 
command is the only vehicle in the world by 
which one man can communicate instantly with 
all other men. He can make wars and bring 
peace; he can make revolutions and destroy 
them. He has more power in the market than 
the Stock Exchange. Even the scales of legal 
justice may be subject to his will. 
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Without him. life as we know it would be 
impossible. He stands between light and 
darkness, between social peace and civil war, 
between democracy and despotism, betweon 
the freedom of the twentieth century and the 
inquisition of the Middle Ages. He is the guar- 
dian of the liberties of the human race. 

Well may the journalist be proud of his calling. 
To him who cannot be a statesman or a king, 
or who finds the goldcn gateway of letters closed 
to him, journalism offers a power and joy of life 
which perhaps nothing else can give. One 
man may find a country hitherto unknown, 
another may discover a new source of energy, the 
astronomer may discern a new star, the chemist 
may reveal new marvels in creation, the engineer 
may span a great gulf with steel or save the time 
of the world by cutting # great canal ; but there 
can be nothing in these things, momentous as 
they may be to the world, comparable with the 
shaping of the world’s thought which is the 
power of journalism. 

The Reflector of Human Life. 
Neither exploration nor engineering, no kind 
of business, none of the professions, not science 
itself, can give a man so wide an _ interest 
in life asx journalism. The astronomer reading 
the stars, the engincer constructing a waterway, 
are interested in their own achievements, but 
not necessarily in each other’s. It has nothing 
to do with the engineer that the organic world 
would come to a atandstill if chlorophyl could be 
destroyed ; the chemist in his laboratory is un- 
concerned that the voyage to India has been 
shortened by ten days through a great canal. 
Neither is necessari/y interested in the work of 
the other. It is the glory of journalism that. 
the journalist is, must be, interested in both. 

Since journalism is the reflector of human 
life, nothing in human life can happen that is 
outside its scope. As memory, whether we will 
or not. engraves upon itself the overlasting 
remembrance of everything we see, or hear, or do, 
or know, so journalism brings all life, all activities, 
all thought, all labour, into its boundless field. 
Nothing is too trifling for its interest, nothing can 
be too important for its debate. The analogy, 
indeed, may go farthor, and become exact. 
As the mind edits the memory, calling up at will 
those things which interest. it, whether facts, 
or scenes, or men, or things, whether they have 
been treasured there 50 years or only 50 hours, 
so the mind of the journalist edits the happen- 
ings of every day and every hour, lays them out 
upon his sheet before him, appreciates this, 
questions that, casts aside the other, and pre- 
sents his picture to the waiting world with a 
judgment born of an intimate relation with 


men and a knowledge of the relative values 
of things. 

A Daily Record of Good and Evil. 
The whole world is alive to the journalist who 
knows his work and is in oarnest. The well- 
edited newspaper has no “dull”’ season. Until 
the world is a dead place, until men cease to 
think and roses cease to smell sweet, life can 
never be dull to the journalist worthy of the 
name. What, indeed, could be more full of 
tragic interest than the very despair of a man 
whose business it is to watch and interpret 
the ceaseless panorama of human life who 
wakes up in the morning to sec the panorama 
passing before him, but finds that “there is 
nothing to write about to-day ” ? 

It can hardly be too strongly insisted upon 
that the business of the journalist is to give to 
the world a living record of its own life. Jt is, 
no doubt, to be insisted upon as strongly that 
there are things with which the journalist has 
no business; but, on the whole, the editors 
know their business a great deal better than 
the critics who would teach them. It can never 
be admitted that the journalist should give only 
the better side of things. Those mistaken ad- 
vocates of a journalism which would whitewash 
the world, of newspapers which would fill our 
minds with only pleasant things, have never 
surely thought for an hour of what would happen 
if they had their way. 

Let them imagine a patient who hides his 
symptoms from the doctor, a witness who keeps 
back vital evidence from the judge. If the power 
of journalism is anything but a phrase, it depends 
chiefly or entirely upon its unique capacity for 
the exposure of wrong, the denunciation of 
tyranny and injustice. Could we ever hope that 
the world will one day be free from the curse of 
drink, if it were not that its trail of sin and ruin 
runs across every paper we pick up? Could 
we ever hope that the poor will one day be 
better housed, if it were not that every 
paper in the land is filled with pictures of the 
wretchedness of their lives ? 


Should an Editor Lose His Temper ? 
Let us remember, in making up our minds to 
be journalists, that a simple picture of some- 
thing that exists is sometimes the most power- 
ful agent in improvement that could be devised. 
There are times, no doubt, when good men 
feel that journalism oversteps its bounds, when 
good men would welcome for an hour a censor- 
ship of the Press. But only for an hour. And, 
after all, it is still true in these times that the 
newspapers reflect the nation. Shall we, then, 
censor a nation ? 

“Is it not, then,” the young journalist may 
ask, ‘‘ the greatest tribute that can be paid to the 
newspapers to say that they reflect the nation 
in its hot temper as well a3 in calm, in its 
worthiest and least worthy moods ? ” 

That would be so if there did not enter into 
our consideration here a vital function of jour- 
nalism which the true journalist can never 
overlook. It may be held, no doubt, that 
the entire business of the journalist is to 
hold a mirror up to nature and reveal the 


JOURNALIOM 


world unto itself. That, once upon a time, 
was true in practice ; in theory it is admirable 
still. Nothing could be better for an ideal 
world. 

But there has grown up in the development of 
civilised societies a mysterious and wonderful 
factor, with the full authority of a judge but 
without the limits of a court, sitting in judgment 
over the good and evil of society at large. It is 
the newspaper editor. 

And, just as a judge, though the systom of 
justice he administers reflects the average senso 
of justice in the nation, is still calm and unmoved 
by the oxcitement in the streets outside, so tho 
editor, though his paper reflects the average 
mind of his reader, should be unmoved by the 
wild temper of the mob and calm amid the dan- 
gerous excitements of the hour. Who claims 
the right to sit in judgment must prove himself 
fit to be a judge. 

It is one of the misfortunes of journalism 
as a profession that it attracts to itself men 
who enter upon it as a carcer without an 
adequate sense of its importance or s serious 
consideration of their fitness for it. The very 
democracy of journalism, which is one of its 
finest characteristics, is in some senses a draw- 
back. Open to all, demanding no tools but a 
pencil and a notebook, with pleasant prospects 
and ‘ quick returns,” it is not surprising that the 
newspaper offices are besieged, and that the 
number of people who would guin a livelihood by 
writing for magazines is ever increasing. 


Character and Learning. At the very 
outset of our course let us emphasise tor our- 
selves a truth of the utmost importance. 

The road to success in journalism is as freo as 
the air we breathe, and we need have no sym- 
pathy with any attempt to make journalism a 
close profession—a profession, that is, which 
can be entered only through « particular door, 
under particular conditions. It is as impossible 
as perpetual motion, and we need not con- 
sider it. 

But it does not follow from this that there is 
no need to guard the gates of journalism, as 
the gates of medicine, of law, of banking are 
guarded—though not by the sume means or 
for the same reason. There is no way of closing 
the door of journalism against a man who has 
not passed an examination. Such a rule as that, 
if any means existed of enforcing it, would have 
made it impossible for Herbert Spencer to be a 
journalist, for Herbert Spencer never passed an 
examination. A journalist without education 
is, of cours®, a contradiction in terms, but edu- 
cation is not the only, not even the chief, 
bulwark of journalism. It is not learning but 
character that should be the decisive factor in 
the choice of journalism as a profession, and it is 
a thousand pities that men should enter upon a 
career so full of responsibility, so fraught with 
poasibility, without realising that journalism is 
something more than a wage-earning career. 
The surgeon who would perform an operation 
solely for his fee, without any regard to the value 
of life, and the journalist who writes purely for 
his pay, without any regard to the effect of his 


3811 . 


JOURNALISM 


writing, belong to the same category of men who 
are unworthy of their profession. 

The Two Kinds of Journalism. It 
does not follow, of course, that a journalist 
must have settled convictions about everything 
on which he writes. That cannot be, nor is it 
necessary. Journalism is of two kinds—the 
kind that interests and the kind that influences. 
We may compare them with a public meeting 
called together in support of a particular cause, 
and a lecture by, say, Mark Twain, whose 
business it is only to entertain. 

It would be impossible to defend a speaker 
at a public meeting who moved a resolution in 
favour of a cause to which he was in his heart 
opposed, but Mark Twain need not be called 
upon to defend anything he may choose to do or 
say in entertaining his audience. We do not ask 
Mr. Pett Ridge to substantiate his statements, 
or whether he really believes in them, and, 
happily, the vast majority of journalists are in 
the same position It is not necessary for them 
to perjure their conscience, or to sink in the 
esteem of sincere men, by writing wha they 
do not believe. 

There is another side to journalism, however — 
w journalism which shapes opinion; and here 
it cannot be too emphatically said that the first 
of sll considerations is sincerity. The journalist 
who cares for the honour of his callmg cannot 
have too great a contempt for the man who 
brings his mind but not his sou! into work which 
should engage his decpest feelings and enlist 
his warmest sympathies, There are hundreds 
of men, it is true, who make a living to-day by 
writing in absolute contradiction of what they 
wrote yesterday, and who will make a living 
to-morrow in denying what they wrote to-day 
But we need not call them journalists. We could 
much more correctly describe them as men who 
will sell their souls to anybody who will pay for 
them, or, in the slang of the profession, penny- 
a-liners, or sixpence-a-liners, according to the 
profit their empty phrases bring them 

We may have opportunities of discussing this 
matter again ; but to the candidate for journalism 
it may be said here that the man who will write 
anything he is paid to write never rises high 
in his profession. The great names in journalism 
are those of men who wrote finely because they 
felt deeply, who wrote interestingly because 
they thought earnestly. 

actors in the Journalist’s Success. 
It is not. an exacting demand that journalism 
makes upon those who would enter its ranks. 
The man who brings to it a clear head, plenty of 
common sense, good judgment, a sense of the 
relative importance of things, un average expcri- 
ence of the world, a capacity for interesting 
himself in anythuig and of expressing himself 
plainly, is likely to succeed. 

He must have many other things, of course, 
which we shall have to consider in their place. 
He must never, for example, admit to himself 
that the age of wonder is past. A sense of 


wonder—with something in it of the surprise 
of the little child that the stars do not fall from 
the sky, with something of the terror of the 
child at the approach of an express train—is a 
gift for which a journalist can never be grateful 
enough. 

Is it a commonplace thing to you that from 
three seeds should come in one place a violet, in 
another a wallflower, in another a turnip ? Can 
you take down the telephone or send off a tele- 
gram without fecling that you are touching a 
miracle? (Can you stand in a country lane at 
night watching a well-lighted train flying through 
space with a thousand lives without feeling that 
here is something of the majesty of man and 
the supremacy of mind? Are these things 
nothing to you? Then there may be somewhere 
in journalism a bushel under which you can sit 
and hide the little glimmering of light that may 
come from your mind ; but you will not do great 
things. You will not lee @ vest public in 
the things that happen day“by day. You will 
not take up a book and make it live. You will 
not think of a great idea and stamp it on the 
minds of your fellow-men. You will not carry 
your reader into a world of imagination where 
you can do with him as you will. 

You will find that the world prefers some- 
body clse’s poetry to your prose, and you will 
wish, when it is tou late, that you had earned 
your bread at something wanting less of the 
wonder of a little child than journalism. 

The Journalist at Home. One other 
aspect of journalism may be touched upon here 
The journalist leads ‘ the intense life that cats 
into the souls of men,” and one point may be 
insisted upon as of great practical importance to 
the candidate for this strenuous career. It is his 
domestic atmosphere. If it is the attraction of 
journalism that all life comes into it, it is also 
its great temptation. For, obviously, if all that 
happens comes into his work, nothing that 
happens will take him away from his work. The 
power of detachment, the capacity for putting 
things out of his mind, is of the greatest value to 
him, and no means of reaching this happy state 
of being is so easy and so simple as sympathy at 
home. Congenial friends, sympathetic interests, 
pleasurable associations, are half of life to us all, 
but to the journalist wrapped up in his work 
they are much more than half the secret of 2 
happy life. The eccountant goes home from 
his office leaving the world of figures behind. 
The merchant finds at home a welcome pause 
from the stress of business. The sila ae 
puts his work out of his life when he puts up his 
shutters. The journalist takes his work home, 
for his work is life itself. 

Of profound importance to him, therefore, are 
the atmosphere in which he lives and moves 
and the hours which belong to himself, when, if 
ever, he may be encouraged to detach himsclf 
from the things that possess him, to change his 
mental vision, to find fresh stimulus in the 
affections and pleasures of home. 


Continued 
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RAILWAY CONSTRUCTION 
continued from page 3752 


By C. O. BURGE, M.Inst.C E, 


RACK-and-pinion railways have been devised 
to overcome the difficulties arising from the 

slipping of the engine wheels when excessively 
steep gradients have to be negotiated in moun- 
tainous districts, and are therefore much used 
in Switzerland and similar countries for tourist 
and other traffic. To understand tho necessity 
for some such contrivance as a rack-and-pinion 
arrangement, which adds considerably to the 
cost and maintenance of a line, the following law 
of physics must be recognised. 

If on a fixed horizontal plate of smooth steel 
a steel rod bo pressed vertically, no action will 
take place ; but if the top of the rod be gradually 
inclined, with the pres- 
sure continued, until a 
certain angle between 
the rod and plate is 
reached, the point of 
the rod touching the 
plate will slip. This 
angle is called the angle 
of repose or friction, 
and it differs according 
to the nature of the materials in contact. In 
this position [1] the friction, represented by 
A B, is insufficient to counteract the resultant 
A D [sec MECHANICAL ENGINEERING, page 411] 
of the pressure A C, and its reaction A E. 

Weights on Inclined Planes. Now, 
let us apply this to railway traction, the 
smooth plate being the surface of the rail and 
the rod being the wheel at its contact with it. 
Let HG [2] represent the surface of a level 
railway. Let the length FJ 
represent the weight on the ~—-—?—. 
driving wheel of an engine, and 
FH the force which it is able a 
to exert—that is to say, the a 
pressure—in the direction F H, 
at the circumference of the wheel, 
which, if resisted by friction at 
¥’, represents the tractive force 
drawing the train, including the 
engine, in the direction FG. The resultant of 
the pressure of gravity, FJ, and the resistance, 
FH, of the train is F 1, which, produced towards 
K, makes an angle GFK with the rail HG. 
Now, let GF L be the angle of friction of steel 
on stecl. It is evident, therefore, that if this 
angle be less than G F K, the stecl of the wheel 
will not slip on the steel of the rail, and the 
“force of the engine, exerted against the surfaco 
of the rail at F, will be utilised in drawing the 
train in the direction FG. 

Two conditions may vary the angle GI'K 
and destroy this result. First, the weight F J 
on the driving wheel may be reduced to, say, 





F J’, when the angle GFK’ will be less than 
GFL, and the engine will become powerless 
through the wheel slipping; and, secondly, the 
railway may be, on such an incline as in hg 
[8], when the resistance of gravity is added to 

k such an extent to 
the ordinary re- 
sistance of the 
train that the 
resultant / t, pro- 
duced towards k, 
forms a smaller 
angle with hg 
than the angle of 
friction g fl, and 
the engine loses 
its hold, or pur- 
chase, as it is 
called. Hence, 
given the weight on the driving wheel and that 
of the train, there is a limit to the grades on which 
ordinary adhesion suffices. By multiplying the 
driving wheels by coupling them, and by the loco- 
motive carrying its own supply of water with it, 
in the form of what is called a tank engine, so 
that more of its weight may be utilised on the 
drivers, and {j and the angle g fk increased 
accordingly, the limiting grade may be extended. 

Locomotive Power on 
an Incline. The angle of 
friction of steel on steel varies 
_«' with the weather, the greasy 

o state of the rails affecting it; 
a but, ordinarily, an engine, even 
with all wheels coupled, can 

¢ seldom take any reasonable load 
beyond its own weight up steeper 
grades than 1 in 15 to 1 in 20, according to 
climate. To overcome such inelines, either 
the locomotive must be abandoned altogether 

und the tractive force supplied by means of a 

rope and stationary engine, such as in the cable 

trams, or some special contrivance must be 

devised to enable the locomotive tu retain its 
hold on the rails. Such a special contrivance is 
the rack and pinion. 

The Rack and Pinion. This invention 
of the rack and pinion ig almost contem- 
porancous with the introduction of the loco- 
motive. Trevethick’s engine of 1804, owing to 
its lightness as well as its want of power, could 
not do much more than draw itself. Blenkinsop, 
in 1811, not seeing that additional weight would 
overcome the want of adhesion, provided the 
rail with teeth, and the driving wheel itself 
was the pinion, and by this his 5-ton engino 
succeeded in drawing 90 tons at 4 miles per 
hour on the level, and 15 tons up | in 20. 
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George Stephenson, however, with his keen 
insight, perceived that as the great additional 
power which he foresaw as inevitable would, 
with its heavier boiler, cylinders, and al] parts, 
provide sufficient weight for adhesion, reverted 
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to the simpler plan of the smooth rail, and 
subsequent designers increascd it by coupling 
the wheels. The advance of railways neccssi- 
tating steep grades revived the idea of 
Blenkinsop, and Cathcart, in 1847, devised a rack 
line in America, but placed it between the rails 
with a special pinion worked by the engine, the 
outer rails and wheels merely bearing the load, 
and all subsequent improvements have been 
based on this principle. 

The next development was by Silvester 
Marsh, in 1858, in America, and by Riggenbach, 
in Europe, in 1871. In these an apparatus of 
ladder-like form was fixed in the centre hetween 
the rails, on the rungs of which corresponding 
protuberances on a_ centrally driven wheel 
acted. The Mount Washington line on Marsh’s 
plan, and the Righi [6], the Wengern Alp, Brunig, 
Appenzel, and others in Europe on the Riggen- 
bach system are examples. Roman Abt, how: 
ever, who might be called the George Stephenson 
of the rack railway, introduced, in 1882, the 
system called by his name and now almost 
universally followed. Fig. 7 shows a portion of 
the Zermatt railway on the Abt system. 

Present Day Practice. In the Abt 
system the ordinary adhesion principle, as 
the smooth wheel on the smooth rail is called, 
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the train is on the level or on an easy graded 
part of the line where there is no rack, the 
Pinion engine is stopped, the adhesion one 
doing all the work; but when the steep rack 
portion is reached, the whole power of both 
engines is put into action. It may be asked, 
How can adhesion help in this case ? But it must 
be remembered that the boundary between 
the grading on which adhesion alone is sufficient 
and that on which it tails is very indeterminate, 
depending on two factors—the condition of the 
rails and the Joad to be drawn. For example, 
on a fairly steep grade an engine may be able 
to draw itself up by simple adhesion, but fail 
to draw a load behind it in addition, and to 
the former extent the rack mechanism of the 
engine is relieved of its work. It has also been 
found by experience that, should the adhesion 
driving wheel be inclined to slip, the action of 
the pinion and rack not only prevents any 
running back, which would increase the ten- 
dency, but by impelling the engine forward 
causes the adhesion wheel to bite on a new 
place, and thus regain its purchase. 


A German Mountain Railway. The 
Hartz Mountain railway, in Germany, which 
has a heavy goods and passenger traffic, is 
one of the most notable examples of the Abt 
system, and, with some slight modifications, a 
description of it will serve for all. The line, 
though making a considcrable aggregate ascent, 
is uneven, having many comparatively easy 
grades in its length of 19 miles, 437 miles made 
up of several separate short lengths being 
provided with the rack. Tho steepest grade on 
the adhesion part is 1 in 40, tr i on the rack 
portion 1 in 16°67, the sharpest curves being 
9 chains and 123 chains radius on cach res- 
pectively. The permanent way, which 1s on 
the standard gauge, 4 ft. 84 in., consists of 
steel rails weighing 604 Ib. per yard, laid on 
steel sleepers of ubout 90 Tb. weight each and 
2 ft. 107 in. apart from centre to centre. The 
rack is of three steel bars, each 4°33 in. deep and 
0°79 in. thick, and these are separated from 
each other by a distance of 1°36 in. The rack 
bars, which are suitably fixed to the steel 
sleepers are what is called sfaggcred—that is to 
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and the rack-and-pinion system are combined 
in one engine, one pair of cylinders working 
the driving wheels on the ordinary smooth rails, 
which carry the weight, and another pair 
actuating the pinions [4], which engage with the 
rack between the rails. By this method, when 
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say, the teeth on one bar are not opposite to 
those on the one next to it, but are one-third 
of a tooth space in advance of them. In the 
pitch-line the teeth and spaces on each bar 
measure 2°36 in. [5]. The top of the rack is 
2? in. over the rail level. 


With regard to the pinions on the engine, 
there are two sets, one behind the other, each 
consisting of three discs at the same distance 
apart, 1°36 in., as that of the rack-bars, 80 as to 
engage with the latter. Their teeth are also 
staggered in such a manner that fresh cogs 
are being continually engaged, and there are 
always nine teeth in contact with the rack. 
By this arrangement [4] great smoothness in 
running is attained. 

Entering the Rack. Thc transitions 
from the adhesion to the rack portions are 
not confined to where stoppages at stations 
occur, henco a device is necessary su that the 
engine, with its train, can run on easily from 
the former to the latter without stopping. 

The entry on the rack is by means of a straight 
triple rack-tongue [8], about 10 ft. long, sup- 
ported on pairs of volute springs, based on a 
longitudinal sleeper in a pit, so as to admit of 
the vertical] depression of the tongue if the 
teeth of the pinions should not engage per- 
fectly on approach, and ride upon the teeth of 
the tongue-rack. The tongue is hinged at the 
end where it joins with the ordinary rack, and 
is tapered, as to its dopth, at the other end, so 
as to facilitate the entry. 

The steam is shut off from the pinion 
machinery on those lengths where the rack is 
not laid ; but when approaching it the regulator 
of the pinion machinery is slightly opened so as 
to cause the pinions to revolve slowly, and 
enable them, as they ride on to the tongue, to 
engage the teeth of the tongue-rack without 
concussion, As soon as this is effected the 
regulator is fully opened, when the pinions take 
their fair share of the work in the ascent. As 
tbe engine is placed at the rear of the train in 
the ascent, the rack extends on to the adjoining 
lower adhesion length tu the maximum length 
of the train, as otherwise the engine would 
not get the help of the rack when a portion of 
its train ahead is on the incline. Similarly, the 
rack is extended to some distance beyond the 
top of the incline, so that the engine, which 
leads in the descent, may have its pinions 
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safely geared into the rack before the actual 
descent is begun. 


The Locomotives. The engines are of 
the tank type, working without turning. The 
three axles of the adhesion wheels, 4 ft. 1} in. 
in diameter, which are in front of the firebox, 
ure coupled. In addition there ig a fourth pair 
of wheels on a Bissel truck under the footplate. 
The pair of cylinders working the adhesion 
drivers is Outside ; those driving the pmions are 
inside. Each pair has separate steam-pipes from 
the same boiler, and has independent action. 
The two sets of pinions, which are 22°56 in. in 
diameter, are coupled, the rear one being the 
driver. 

* The toothed gearing is supported by an entirely 
separate frame resting on the leading and trailing 
driving axles of the adhesion wheels, so that the 
grip of the pinions is in no way affected by tho 
play of the springs, and this inside frame is 
lifted from time to time to allow for the wear 
of the adhesion-whee} tyres. 

The total weight of the engine in working order 
is 55 tons, and the maximum gross load behind 
the engme 1s 137 tons. The ordinary load, 

however, is much less, and the coal 
~~] consumption is about 50 Ib. per 
| tram mile. 

The wear of the pinion § teeth, 
of course, is much greater than 
that of the reck-bar teeth, as each 
one of the former has a contact for 
every revolution, while each of the 
latter has only two contacts for the 
passage of cach train. The pmion 
discs are taken off from time to time 
and reversed, so that cuch side of 
the teeth may wear evenly. 

Brakes and Points. There 
are four brakes on the engine, two 
hand-brakes, one acting on the tyres 
of the wheels in the ordinary way, 
and the other on grooved discs on 
each of the pinion shafts, which 
-latter are, of course, effective only 

on the rack lengths. The other 

two are compressed-air brakes, one 
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acting on the adhesion mechanism, and the 
other on the pinions, and they operate by 


preventing the free escape of the air from the 

cylinders, thus using the compressed: air in 

retarding the progress of the engine. The two 
T 
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hand-brakes are used for shunting purposes, 
while the latter two are for the descent. By 
the Government regulations, half of the vehicles 
besides the above must be provided with brakes, 
but these are not required, as a rule, to control 
the train, the engine brakes being sufficient. 

On the Hartz line there are no points and 
crossings on the rack length, hence these are 
of the ordinary description, but on other Abt 
rack lines they are made of the type shown in 9, 
which fully explains the movement of the 
switches of the rack in harmony with those of 
the bearing rails, the reck being here reduced 
for simplicity to a single bar. 

Speed. As to speed, the trains take from 
1 hour 56 minutes to 2 hours 20 minutes on the 
ascending journey, and from 1 hour 44 minutes to 
2 hours 29 minutes descending, to do the 19 miles, 
the ordinary speed on the rack being 
about 4 miles per hour. On the Nilghiri 
Abt line in India a much higher speed is 
attained on the rack. The traffic is com- 
paratively heavy on the Hartz railway, 
end on many of the 42 lines on different 
gauges in all parts of the world which 
now exist on the Abt system two rack- 
bars are found to be sufficient. Having 
the racks und pinions duplicated or 
triplicated, as in the Abt system, affords 
a good guarantee of safety in case of the break- 
age of a tooth. In fact, such a thing is not 
known to have happened. 

Steel sleepers are generally used in order that, 
through their stiffness, the relative levels of the 
rail and rack should be well maintained; but 
on the Nilghiri line in India, and in other places 
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where good hardwood timber is easily procur- 
able, the latter is found to be sufficient. There 
are several Abt lines in which the grade is as 
steep as 1 in 4. 

Other Systems. In the “ Locher” system, 
invented in 1885, and used 
in the steep tourist line up 
to the summit of Mount 
Pilatus, in Switzerland, the 
rack is of a different form. 
There is a longitudinal 
stcel sleeper in the centre 
on which is mounted two 
racks, projecting outwards 
laterally from a central 
verucal rib. The pinions 
of the locomotive, 
which are in hori- 
zonte| pairs, en- 
gage with these, 
gripping the rack 
between them. 
The maximum 
grade is as much 
as 1 in 2°08. 

The Strub rack, 
invented in 1896, 
reverts to the 
vertical type. It 
is being used on 
the Jungfrav 
metre gauge clec- 
tric line, and is of very heavy construction. It 
was considered that, as so much of this railway 
was situated at a great elevation above the snow 
line, and was difficult of access for maintenance, e 
special heavy form of rack was required, and 
alsu on account of the severity of the grade, 
much of it being as stecp as ] in 4. As only 
about 100 days of summer tourist traffie in 
the year were available for working, heavy 
loads for such a grade were, therefore, to be 
expected as concentrated within that period, 
and a strong rack was consequently necessary. 
The line is about 74 miles long, and the greater 
portion of the upper part is placed underground 
in tunnel, to avoid in- 
jury and interruption to 
trafic from avalanches. 
A lift from the upper 
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terminus, which is underground at 13,425 ft 
above sea-level, will take the passengers to the 
zummit of the mountain. 

Details of the Strub Rack. The rack, 
which is single, is fixed centrally on heavy 
hollow steel sleepers 5°91 ft. long, 9,'; in. wide, 
and 21% in. deep, 3 ft. 33 in. apart, centre to 
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centre, and weighing 81°57 lb. each. The rack 
[10 and 11] is 6]4 in. deep, and 22 in. wide at 
the top, narrowing downwards to suit the grip 
brakes employed. Its tensile strength is 28°57 
tons per square inch, and it weighs 68°55 lb. 
per yard. 

The train is composed of a compound vehicle 
comprising an electric motor carrying 30 pas- 
sengers, and another car with 50 passengers, 
the whole weighing about 26 tons. The motor, 
us well as the electric installaticn of this line, is 
referred to in courses of Electricity. 

The brakes are of the shape of a 
forceps, worked by hand from the 
floor of the vehicles, and their action 
can be fully understood from 12. 
When not closed on to the rack for 
actual braking, the jaws of the brake 
project under the head of the rack so 
as to prevent derailment should the 
vehicle tend to rise from any obstruc- 
tion on the lige or other cause. They 
also prevent the side-slipping of the 
pinion. 

in the cacessively stecp lines, it is 
found necessary to anchor the road — 
thit is to say, to drive piles down at 
intervals ot the lower side of the 
sleeper, otherwise the combined eflort 
of the steep slope, the vibration, and 
the pressure of the pinions would cause the whole 
permanent way to shift gradually downwards, dis- 
torting itself at the curves. In the very steep 


tourist lines 
in Switzer- ee 
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land the seats 
in the cars 
it 


are inclined 
so as to be as 
nearly level 
as possible 
when on the 
grade. 

Tn the two 
railways last 
referred to, 
which are on very steep inclines to mountain 
summits, and in similar ones, there is evidently 
no alternative between the rack or rope and sta- 
tionary engine, and any other system. Adhesion 
alone is out of the question. But it sometimes 
happens that in a section of an ordinary railway, 
where & mountain range has to be overcome, 
u choice may lie between a comparatively easy 
adhesion grade and a steep rack. In the former 
case it would be necessary to climb the mountain 
side gradually in order to attain a given elevation, 
the line being made much longer than it other- 
wise need be. or developed, as it is called, curving 
round spurs and valleys for the special purpose of 
giving the necessary length in proportion to the 
height, so as to have a workable adhesion grade. 

In the latter case. the height, by means of 
the steep grade which the rack admits of, can 
be reached in a very much shorter length. Each 
problem of this kind has its own conditions, and 
must be solved on its own merits, no general 
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rule being possible. However, the advantages 
and otherwise of each alternative may be 
briefly shown. 

Respective Advantages. First, as to 
the adhesion line. This has the advantage of 
involving no departure from the usual type 
of permanent way and engine proper to the 
rest of the line, the latter running through 
the whole length; and though by the Abt 
combination engine this could be done, yet it 
the rack forms only a small portion of the whole 
railway the pinion mechanism would 
be Jargely unemployed. If the rack 
engines were limited to the short-rack 
incline, unless there were a very large 
traffic they would be probably often 
standing idle waiting for traffic. 
Secondly, as to the rack; the cost of 
construction, apart from the rack, 
would be loss, not only because the 
line would be shorter, but bocause, 
being less limited as to grade, greater 
choice of alignment ie open to the 
surveyor when locating it. Again, 
the construction and maintenance of 
the permanent way, though heavier 
mile for mile, might be much less, 
owing to the shorter Jength, and, apart 
from the pinion mechanism, the wear 
and tear of all rojling stock, which is 

roughly proportionate to the dis- 

tance travelled, would be less. 
Thirdly, the 
dead weight 
of engine in 
popoon to 
vad drawn is 
less, so. that 
the fuel, ete., 
expended per 
ton of pay- 
ing load lifted 
ib loss. 

Subject to 
the Jast con- 
Hideration, 
the actual mechanical work, and therefore the 
working cost of raising the load, would be much 
the same in each case, for the greater speed 
on the adhesion Jine would be neutralised by 
its greater length. 

Where, in any gencral railway system, a rack 
section is interposed between two groups of 
ordinary lines, such, for instance, as a connection 
between a coast and a tableland country, the 
rack grade should not, if possible, excced 
that on which an ordinary engine could 
draw itself up. Otherwise the circulation of 
engine stock between the two systems would 
be hampered. 

Jtack railways have had their chief develop- 
ment in Switzerland, Austro-Hungary, and Ger- 
many, but they are in use algo in France. North 
and South America, Australasia, India, Japan, 
and other countries. The development has not 
heen great in the United Kingdom, the necessity 
for steeply-graded railways being limited. 
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Railway Construction concluded 
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Tea as it Should be Made. 


The Alkaloids—Animal and Vegetable 





By Dr. C. W. SALEEBY 


Benzoic Acid. The acid which has the 
formula C,H,COOH is the characteristic con- 
stituent of the gum known as bonzoin, and is 
found in various balsams. It used to be extracted 
from benzoin by sublimation. This process 
carries away with the acid a certain quantity of 
the volatile oil contained in the resin, thus giving 
it a very pleasant odour. Nowadays, however, 
the acid is largely prepared from coal-tar. It 
crystallises into very delicate and very light 
colourless needles. In the presence of water 
vapour it is volatile. It is only very slightly 
soluble in cold water (1 part in 400), but dis- 
solves readily in hot water, alcohol, and solutions 
of alkalies. We have already seen that this acid 
is the valuable constituent of Friar’s balsam. 
Tt is a powerful and volatile antiseptic. When 
administered internally, it is found that benzoic 
acid appears in the secretion of the kidney as a 
closely allied acid called hippuric acid. This acid 
may be regarded as a compound of benzoic acid 
and the body known as glycocoll or amido-acetic 
acid, which has the formula C,H,NO,. This is a 
rather remarkable case of synthesis, the building 
up of compounds into more complex compounds 
within the animal body. Outside the body, 
hippuric acid can readily be converted into 
benzoic acid and glycocoll by boiling it with 
dilute hydrochloric acid. 

Benzoic Aldehyde. Benzoic acid, 
C,H,;COOH, corresponds to benzoic aldehyde, 
C,,H;COH, just exactly as acetic acid, CH COOH, 
corresponds to acetic aldehyde, CH,,COH. Fur- 
thermore, we know that acetic aldehyde is derived 
by removal of two atoms of hydrogen from ethyl 
alcohol; similarly, benzoic aldehyde has corre- 
sponding to it an alcohol known as benzyl alcohol, 
which contains two atoms of hydrogen more than 
the aldehyde, having-the formula C,H,CH ,OH. 
The aldehyde may be produced by oxidation of 
the alcohol, which thus loses two atoms of hydro- 
gon. Its natural source, however, is of very 
great interest, and has already been referred to. 
The oil of bitter almonds contains a highly 
complex body which, since it yields glucose on 
decomposition, is known as a glucoside. It has 
the name of amygdalin, derived from amygdala, 
the botanical name for the almond. This amyg- 
dalin is normally decomposed by a ferment 
known as emulsin, which 1s also a normal con- 
stituent both of the bitter and the sweet almond. 
The action of the emulsin is to hydrolyse the 
amygdalin, and the products are sugar, benzoic 
aldehyde (which is therefore often known as 
oil of bitter almonds), and prussic acid. When 
the so-called oil or aldehyde has been purified 
by the distillation of the prussic acid, it is quite 
harmless, as well as pleasant. The reaction, 
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which depends upon the presence of moisture, 

is represented by the following equation, the 

first term of which is the formula of amygdalin : 

Cy H, -NO,, + 2H.O =C,H,COH +2C,H,.0, 
+ HCN 

Benzoic aldehyde, often known as_ benzalde- 
hyde, has reactions which closely correspond 
with those of acetic aldehyde; thus, nascent 
hvdrogen reduces it to its alcohol, and oxidising 
agents form benzoic acid from it. 

Salicylic Acid. Very closely allied to 
benzoic acid is salicylic acid, which is, indeed, 
a hydroxy-benzoic acid—that is to say, benzoic 
acid, one of the hydrogen atoms of which has 
been replaced by hydroxyl. Thus its formula 
is C,H, . OH . COOH. This acid is known 
in commerce in two forms. One is known as the 
vegetable acid, being derived directly from the 
vegetable world, while the other is known as the 
artificial acid, or synthetic acid, but must ulti- 
mately also have its origin referred to tho 
vegetable world, coal being a vegetable product. 
A comparison of the two processes of manu- 
facture is of interest, and of very considerable 
practical importance. The plant known as the 
winter green yields an “ oil of winter green,” the 
chief constituent of which is a methyl salt of 
salicylic acid. This methyl] salicylate readily 
yields salicylic acid on decomposition. This 
natural or vegetable acid is relatively very ex- 
pensive, but has the great virtue of purity. 
Thus, the salicylate of sodium formed from it, 
and now recognised as one of the most valuable 
of all drugs, is pure and safe. 

On the other hand, salicylic acid, destined to 
be a source of salicylate of sodium, may also 
be prepared by the action of carbon dioxide upon 
the carbolate of sodium. If dry carbon dioxide 
be passed through this salt at a temperature of 
about 400° F., an impure sodium salicylate 
results, and this, under the action of hydrochloric 
acid, yields salicylic acid. The following is the 
equation for this interesting reaction : 
2C,H;ONa 4- CO, = C,H,. ONa. COONa + 

C,,H,OH. 

Pure salicylic acid ocours as needle shaped, 
colourless crystals soluble only to the extent of 
1 part in 500 of cold water, but readily soluble in 
hot water, alcohol, and ether. Watery solutions 
of it yield a beautiful reddish violet colour, with 
a solution of ferric chlorids. 

The artificial acid is extremely cheap, and is 
widely used as (1) a source of sodium salicylate 
for medical purposes and (2) a preservative of 
foods—for it is a very powerful antiseptic indeed. 

Synthetic Salicylic Acid. The syn- 
thetic acid, however, invariably contains a 
considerable quantity of impurities—allied acids 


called cresotic actds. Certain of these are very 
highly poisonous; so that extremely minute 
quantities of them may cause serious symptoms. 
Now, sodium salicylate is a drug which has to 
be administered in very large doves, so that the 
difference between two or three pence and 7s. 6d. 
per lb.—which represents the ratio of the two 
prices, at any rate—is an important matter. 
The use of the salicylate of sodium derived from 
the synthetic acid has led to the belief that the 
drug is dangerous, especially to the heart, and 
must be used with caution. The salt which is 
derived from the natural acid, however, and 
which contains no salts of cresotic acid, is re- 
markably free from any injurious consequence, 
and as much as 300 grains of it have been 
given in a dose without any injurious result. 
In the case of a drug which is the only known 
specific for a disease so important as rheumatic 
fever, these chemical considerations demand 
most serious attention. It is worth noting that 
just as benzoic acid unites with glycocoll in the 
kidney to form hippuric acid, so salicylic acid 
unites with glycocoll to form what is called 
salicyluric acid. 

Salicin. Salicylic acid derives its name 
indirectly from the willow tree, the botunical 
name of which is Salix. The bark of various 
species of Salix contains a crystalline glucoside 
known as salicin, which, under the influence of a 
mildly alkaline fluid and warmth, is decomposed, 
yielding glucose and salicylic avid. This decom- 
position occurs in the blood, and the value of the 
acid was first discovered by the administration 
of salicin. The pharmacologists are at present 
unable to tell us why the salicylate of sodium 
is so extremely valuable in rheumatic fever, 
but the great student Professor Binz, of Bonn, 
has suggested that the sult is decomposed 
by the carbonic acid which is known to exist 
at «a considerable pressure in inflamed joints, 
and that salicylic acid, a powerful antiseptic, is 
thereby liberated slowly and without. irritation. 
Rheumatic fever is known to be due to a microbe, 
so that this most attractive explanation may 
possibly be verified some day. 


Salol. Another close ally of salicylic acid 
deserves mention. Its common name is salol, 
and it may be regarded as phenyl salicylate, 
heing prepared by the interaction of salicylic 
acid and carbolic acid, and consisting of sixty 
parts of the former and forty of the latter. This 
is an extremely insoluble substance, but is ver 
valuable indeed as an antiseptic in the bowel, 
the reason being that it undergoes no decompo- 
sition until it is subjected to the action of tryp- 
sin—the powerful ferment which it meets in the 
bowel, and which slowly decomposes it, with 
deliberation of the two potent antiseptice of 
which it is composed. 


Salicylic Acid in Food. It remains 
for us to discuss the extremely important ques- 
tion of the use of salicylic acid as a preservative 
of food, and thereafter we must raise a few 
genera] considerations concerning the chemistry 
of food preservation, this being 4 practical 
subject of very great importance, which is now 
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recognised as a matter for discussion and 
examination by various chemical authorities. 
Salicylic acid may be chosen as a typical chomi- 
cal preservative of food, since it is used in enor- 
mous quantities, and in foods of very diverse 
kinds. In certain foods, salicylic acid, we have 
lately learnt, is a natural constituent, as, for 
instance, in such fruits as strawberries, plums and 
oranges. Hence the acid will occur in many 
jams, and this must be remembered, since it is 
the favourite antiseptic employed for jams and 
other forms of preserved fruit, as well as for a 
number of wines which may also naturally contain 
it. Besides being artificially added in considerable 
quantities to jams, wines, syrups, cider, perry, 
and beer, salicylic acid has “ also been found in 
butter, sauces and ketchups, in meat juiccs, 
potted meat and sausages, in sherry, port, 
ipecacuanha wine, and orange and quinine wine. 
Occasionally it is employed, either alone, or 
more usually in conjunction with boric acid, 
for preserving milk and cream.” ‘This and the 
following quotations are from the most complete 
study of the subject in English: ‘* Preservatives 
in Food, and Food Examination,” by John C. 
Thresh, M.D., D.Se., F.LC., and A. KE. Porter, 
M.D., M.A. (J. and A. Churchill, 1906). 

Specific Value as a Preservative. 
The report of the Departmental Committee 
appointed in 1889 by the President of the Local 
Government Board to consider this subject 
shows that salicylic acid is generally sold under 
various trade names, like other chemical pre- 
servatives. This acid is not employed in very 
large proportions in any article of dict, and 
according to the best authorities ‘the decla- 
ration of its presence and amount will probably 
meet most of the objections that can reasonably 
be raised to its use.” Other authorities discussed 
the subject quite recently, and have, more or 
less, refuted the assertions that the acid as used 
is injurious to health. The exerction of the acid 
is extraordinarily rapid, and since it doves not 
tend to accumulate in the body, it has no cumula. 
tive action. Salicylic acid seems to be almost 
invariably found in lime-juice preparations, 
and especially in lime-juice cordial. ‘ Thore 
is, apparently, no evidence that salicylic acid, 
employed as a preservative, has ever produced 
any injurious effects.” The acid is one of those 
used for the preservation of milk, though much 
less frequently than boracic acid. Its use for 
this purpose is definitely to be condemned. It 
is very commonly found in cream and butter. 
In both of these cases, the use of boracic acid, if 
any preservative is to be used, is much preferable. 

Official Recommendations. In = con- 
cluding this brief study of our subject, and 
#8 an introduction to the study of the chemical 
preservation of food in general, we quote in full 
the very important) recommendations which 
conclude the report of the Departmental Com- 
mittee referred to. 

‘““(a) That the use of formaldehyde or for- 
malin, or preparations thereof, in food or drinks 
be absolutely prohibited, and that salicylic acid 
be not used in a greater proportion than one 
grain per pint in liquid food, and one grain per 
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pound in solid food. Its presence in all cases to 
declared. 

“*(b) That the use of any preservative or 
colouring matter whatever in milk offered for 
sale in the United Kingdom be constitued an 
offence under the Sale of Food and Drugs Act. 

“(c) That the only preservative that it 
Bhall be lawful to use in cream be boric acid, 
or mixtures of boric acid and borax, and in 
amount not exceeding 0°25 per cent. expressed 
as boric acid. The amount of such preservative 
to be notified by a label upon the vessel. 

‘““(d) That the only preservative permitted 
to be* used in butter and margarine be boric 
acid, or mixtures of boric acid and borax, to be 
used in proportions not exceeding 0°5 per cent., 
expressed as boric acid. 

‘““(e) That in the case of all dietetic prepara- 
tions intended for the use of invalids or infants, 
chemical] preservatives of all kinds be prohibited. 

““(f) That the use of copper salts, in the so- 
calied greening of preserved fruits, be prohibited. 

“‘(g) That means be provided, either by the 
establishment of a separate Court of Reference, or 
by the imposition of more direct obligation on 
the Local Government Board, to exercise super- 
vision over the use of preservatives and colour- 
ing matters in food, and to prepare schedules 
of such as may be considered inimical to the 
public health.” 

The use of salicylié acid and other preserva- 
tives in milk is forbidden in Austria-Hungary, 
Belgium, France and Switzerland. 


Chemical Preservatives in Foods. To 
a race of city dwellers, the preservation of food 
is a vital matter, for it is a necessary condition 
of their life. Mcans to this end have been 
adopted from time immemorial. Whether chemi- 
cally or otherwise, food most certainly must be 
preserved from decomposition if city populations 
are to be fed. Here we have no concern with 
what is in general, the safest, simplest, and 
best method of preserving food —that is to say, of 
killing the microbes which it contains. This 
method is boiling, or in any other way raising 
the food to such a temperature that the microbes 
in it are killed In general, the methods 
include exposure to great heat, and to great cold 
—this latter being of the utmost importance 
in the preservation of milk—the exclusion of air, 
drying, smoking, and the addition of salt, boracic 
(boric) acid, formalin, salicylic acid, alcohol and 
many other substances. A number of these 
means are not only innocent and effective, but 
necessary. The addition of chemical preser- 
vatives, our present concern, cannot be excluded 
from the number of these. The recent official 
inquiry showed that ‘ practically every person 
in the United Kingdom who has passed the suck- 
ling stage consumes daily more or less food 
containing chemical preservatives. It is obvious, 
therefore, that if such food were markedly dele- 
terious, some conclusive evidence should have 
been forthcoming.” On the other hand, the ex- 
tensive use of these processes coincided with a 
steady fall in the death-rate, “and it is very 
probable that one of the causes of this decline 
is the better feeding of the people in consequence 
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of the introduction of cheaper foods, this being 
rendered possible by the use of chemical and other 
means of preservation. . . . The dangers 
arising from the use of preservatives have been 
greatly exaggerated. It is impossible to say 
definitely that a single case of illness has ever 
been conclusively traced to the preservative 
used in any article of food or drink.” On the 
other hand, “danger may be apprehended 
from the indiscriminate use of certain preserva- 
tives. It may be desirable that there should 

some restriction as to their employment, 
and that in certain cases their use should 
be forbidden, as, for example, in milk.” 

A Proof of Success. The public, if 
it were capable of learning the lesson, has lately 
been provided with an astounding proof of the 
practical success which attends processes of 
food preservation—in this case chiefly by heat. 
The tinned products of Chicago, we now know, 
are prepared under conditions which, until the 
last moment, are abominable in the highest 
degree. The food is infected with every kind 
of dirt, filth, and disease, and much of it is mere 
refuse from the first. Consumed in such a state 
it would spread death everywhere, yet millions 
and millions of people live and thrive on it. 
As the present writer has said elsewhere, “‘ if, 
then, the preservation of food is a science so 
far advanced that it can actually make a palat- 
able, nutritious and safe product, such antece- 
dents notwithstanding, it is surely evident, a 
fortiori, that when the antecedent conditions 
are decent we may place very great faith indeed 
in the-methods already known.” This is the 
contention which Drs. Thresh and Porter have 
ey proved in their most important 
treatise. They show that methods of food 
preservation, for instance, enable the poor to 
be supplied with good, wholesome food at low 
prices which would have to be multiplied 
manifold if these methods were unknown. It is 
well that society should protest against abomina- 
tions such as those of Chicago, but it is well 
also that our actions should be qualified by 
knowledge, and that we should seek merely for 
the legitimate use of methods, many of which 
have been found necessary and successful for 
ages past. How long, for instance, is it since 
sodium chloride—that is, common salt—was 
first added to food in order to preserve it ? 

Why Milk Should not be Adul-« 
terated, And now, having endeavoured to state 
proporly the general principles of this matter, let 
us consider and emphasise to the utmost a con- 
spicuous and all-important exception. It con- 
cerns the most important of all foods, milk. It 
is the most important because it is the best of 
all foods, and because its state is a matter of 
life and death for every one of. us during the first 
years of life. It is an ideal food, not only for 
man, but also for microbes. It is constantly used 
for this purpose by bacteriologists, who know 
no better ‘‘ culture medium.” Hence this best 
of foods is the most in need of preservation. 
When contaminated, as it constantly is, it may 
become ‘the most deadly of poisons. The most 
common decomposition undergone by milk 


consists in that lactic acid fermentation which 
we have already discussed. On the whole, 
this lactic acid fermentation may be regarded as 
practically innocent; Professor Metchnikoff, 
as we have seen, thinks that even more may be 
said for it. All the other decompositions and 
contaminations of milk may be regarded as 
more or less deadly. 


The Slaughter of Children. The lament- 
able thing is that whereas the innocent fermen- 
tation has a result obvious to the nose and the 
palate, the deadly fermentations and contamina- 
tions are inconspicuous to those organs—though 
they play a great part in the death-rate, killing 
babies in tens of thousands every year and 
forming one of the chief factors, if not the chief 
factor, in the spread of tuberculosis—the most 
deadly of all diseases—of diphtheria, typhoid 
fever, scarlet fever, and many other diseases of 
less importance. Now, the second most un- 
fortunate fact is this—that the lactic acid 
bacteria can be killed by proportions of chemical 
preservatives, such as boracie and salicylic 
acid and formaldehyde, which are not injurious 
to health and which do not affect the flavour of 
the milk. But these bacteria are the most 
delicate of all that infest milk, and the propor- 
tions of preservatives which kill them are im- 
potent to affect the dangerous microbes, though 
these proportions unfortunately suceced in 
keeping the milk sweet and, therefore, apparently 
sufe. No more unlucky combination of facts 
could be imagined. We say, then, dogmatically 
—and this is one of the most important facts 
for the public health that can possibly ba 
stated—that the use of chemical preservatives 
m milk docs not Jessen in the slightest degree 
any dangerous propertics that the milk may 
possess, but interferes merely with the multi- 
plication of innocent microbes which, as we have 
seen, if allowed to multiply, would themselves 
arrest the development of certain dangerous 
microbes. 

The conclusion, therefore, is that the use of 
chemical preservatives for milk is mvariably 
useless. But this statement 1s only a feeble 
indication of the real facts, as we shall see in a 
moment. Here let us meet the objection that 
such methods are inevitable. 


Preservatives in MilK Unneceseary. 
It has been conclusively proved, as, for 
instance, by the Aylesbury Dairy Company, 
which deserves all honour, that it is possible 
to supply, as they do, “at least a hundred 
thousand persons a day in London with milk 
absolutely free from preservatives, although a 
portion of their supply comes from Wiltshire, 
and even Cheshire, a distance of 200 miles.” 
Ninety-cight per cent of the milk sold in 
Liverpool is free from any preservatives. Milk 
can be sent long distances and yet be pal wa 
in a good condition to the consumers without 
the addition of any preservative and without 
the aid of heat. This can be done by immediate 
and efficient cooling, which ought to be a legal 
necessity in the case of all milk sold. Quoting 
again from the report of the Departmental 
Committee, we may note that the Aylesbury 
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Dairy Company, who used to add 0:2 per cent. 
of boracic acid to their cream, have, for several 
years, been able to supply cream absolutely 
free from antiseptics. And the same is the case 
of the cream supply in Copenhagen. This 
last city is the model for the whole world in 
these matters. The only butter free from 
boracic acid which we import into this country 
comes from Denmark. We conclude, then, 
without any question or possibility of dispute 
that the use of preservatives in milk is un- 
necessary. 


Dangerous to the Health of Children. 
We must go further, and say that their 
use is dangerous. This, as we have already 
seen, cannot be because of their merc _ 
in the milk. Tt depends upon the comparative 
chemistry of the lactic acid bacteria and the 
dangerous bacteria that commonly contaminate 
milk, in their relation to chemical antiseptios. 
The point, and the whole point, is that the 
addition of these preservatives to milk, killing 
the lactic acid bacteria but no others, cloaks 
the results of the dirty conditions under which 
the milk may then be produced. The report of 
the Departmental Committee contains a para- 
graph objecting to the use of preservatives in 
milk on the grounds that “there is evidence 
pointing to an injurious effect of boracised milk 
upon the health of very young children.” The 
report goes on to say that there are no means 
of controlling the amount of preservative that 
may he added to milk. “ The farmer or producer 
hometimes applies it; so docs the wholesale 
purveyor; so does the retail dealer; lastly, 
the domestic use of preservatives is increasing, 
und has become very general, and hence the milk 
may reccive a fourth dose before it reaches the 
unsuspecting consumer.” 


The Need for Cleanliness in Milk. 
But all these matters are relatively trivial. 
The vital objection is dealt with in the thirteenth 
paragraph of the report—which we quote in 
full. It embodics statements which should be 
part of universal knowledge : 

There is this further objection to the use of 
preservatives in the milk traffic—that they may 
be relied on to protect thove engaged therein 
aguinst the immediate results of neglect of 
scrupulous cleanliness. Under the influence 
of these preservatives milk may be exposed 
without sensible injury to conditions which 
otherwise would render it unsaleable. It may 
remain sweet to taste and smell, and yet have 
incorporated disease germs of various kinds, 
whercof the activity may be suspended for 
a time by the action of the preservatives, but 
may he resumed before the milk is digested. 

“It has been put before us that it is not 
possible to supply large towns, especially London, 
with new milk without the aid of preservatives ; 
but we have received abundant evidence to 
prove that this is no more than a matter of 
organisation and system. No doubt the pro- 
hibition of preservatives in milk offered for sale 
would tend to the disadvantage of small retailers 
who have no cold storage, but this is not 
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consideration which should stand in the way of a 
much-needed reform. 

‘* As to the feasibility of conducting the traffic 
in the largest towns without preservatives we 
have no doubt whatever. In Denmark the use 
of all preservatives in milk is strictly prohibited, 
and the prohibition is stringently enforced. 

London’s Milk Problem. “ In face of 
these facts,” the report continues, ‘‘we are of 
opinion that it is idle to pronounce it impossible 
to supply London with milk not artificially pre- 
served. The business would be attended with 
some inconvenience at first, but we are impressed 
with the need for facing that inconvenience, and 
for rendering the vendors of milk containing pre- 
servatives subject to penaltics under the Sale 
of Food and Drugs Act. Obviously, the con- 
ditions under which milk is sometimes kept in 
the homes of the poor are likely to hasten the 
processes of decomposition, but we do not think 
this a sufficient argument in favour of the sale of 
chemically preservatised milk.” 

To this we may add that the argument is the 
more worthless in that the chemical preservation 
of milk in any proper sense at al] is impossible, 
as we have shown. What has been said about 
milk applies entirely to cream—notwithstand- 
ing the small dogree of licence suggested 
to be permitted by the Committee. [Since we 
prepared this subject for the reader the 
Local Government Board have issued ae circular 
condemning the addition of any chemicals to 
milk.] 

The Need for Legislation. Space 
does not avail for any further consideration 
of this very large and very important sub- 
ject. For fuller study of it we would refer the 
reader to Swithinbank and Newman's “ Bac- 
teriology of Milk,” and to the work of Thresh 
end Porter. We have been able mcrely to out- 
line the general principles and to enter into some 
small detail regarding the most important 
aspects of the subject. We have had to pass 
unconsidered the comparative utility of many 
chemical bodies which are used, questions of 
the proportions which are effective and safe in 
each case, the relatively unimportant question 
of colouring matters (which now include the 
coal-tar colours, used very extensively in con- 
fectionery, jellies, jams, sausages, temperance 
beverages, and wines), and also the important 
practical matters of the detection and estimation 
of boracic acid, salicylic acid, etc., in actual 
samples of food. It is a pity also to have had to 
ignore the legal aspect of the question. The 
Food and Drugs Act of 1875 is in urgent need of 
revision, and it would be well for us to have a 
municipal laboratory in our large cities compar- 
able to the famous laboratory in Paris. The 
Act of 1875 has led to conviction in cases where 
margarine or butter has contained as little as 
51 grains of boracic acid per pound. In a case at 
Bootle the amount was actually 120 grains per 
pound, Conviction has frequently followed 
the detection of formaldehyde in milk and the 
presence of large quantities of salicylic acid in 
various substances, such as jam, marmalade, 
ginger wine, eto. ‘ 
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The day has for ever passed when chemistry 
consisted merely of the knowledge gained by 
the alchemists as they tried to transmute the 
baser metals into gold—or of little more; it 
has now invaded the whole of human life, and 
thus, as we consider in turn the more important 
organic compounds, it is both necessary ‘and 
desirable that we should indicate the existence 
of great practical departments of chemistry, the 
importance of which increases daily. 

Gallic Acid. We saw that salicylic acid 
is a hydroxy-benzoic acid. Of these there are 
many, of which two more must be discussed. 
These are tannic and gallic acids. Both are tri- 
bee BA acids, three hyhroxyl groups being in- 
cluded in their composition. The formula of 
gallic acid is (gH, (OH), COOH. This derives 
its name from the curious excrescences which are 
found on the bark and the leaves of the oak and 
are called galls or gall nuts. These galls are due 
to the irritation caused by the deposit and 
growth of the eggs which a humble creature 
deposits in the substance of the bark or the leaf. 
The chief constituents of these curious galls 
are the two closely related acids which we are 
now discussing. Gallic acid is found in tea and 
coffee and may be obtained from various other 
vegetable sources. It may be obtained from 
galls by powdering them and boiling them with 
dilute sulphuric acid. In their natural state 
galls contain not more than five per cent. of 
gallic acid, and even as much as 75 per cent. 
of tannic acid. But this process causes the hydro- 
lysis of the tannic acid with the formation of 
gallic acid, which crystallises out in white, silky 
needles or thin needle-shaped prisms, containing 
one molecule of water of crystallisation. The 
acid is soluble only in about 100 parts of cold 
water, but readily dissolves in hot water, ether, 
aleohol and glycerine. The most important 
chemical fact about gallic acid is that it has no 
power of coagulating albumin. We shall shortly 
see the importance of this. If gallic acid be heated 
it undergoes decomposition, yielding carbon 
dioxide and the hody which is known as pyro- 
gallol, pyrogallic acid or tri-hydroxy benzene and 
has the formula C,H;(OH);. This is a power- 
ful antiseptic. 

Tannic Acid. Much morc important than 
gallic acid is its relative tannic acid, oftener 
known, perhaps, as tannin. It may be de- 
scribed as anhydrous digallic acid. e have 
already seen that it may be hydrolysed to form 
gaullic acid by means of boiling with dilute 
sulphuric acid. A most important fact is that 
tannic acid undergoes a similar hydrolysis 
within the bowel, even at the temperature of 
the body, and is absorbed into the blood not as 
tannic acid at all, but as gallic acid or, rather, 
as the gallate of sodium. Gallic acid and its 
salts have no power of oe ene albumin. 
Hence, the value of tannic acid as an astringent, 
which depends upon its power of coagulating 
albumin, is absolutely confined to the skin, 
the mouth and the upper part of the alimentary 
canal. It is absolutely useless to administer this 
drug as a “remote astringent ”’ since it undergoes 
the transformation we have seen. 


Preparation of Tannic Acid. Tannic 
acid may be prepared from gallic acid by 
boiling a watery solution of the latter with 
arsenic acid, but it is very readily obtained 
from galls, which are powdered, are kept warm 
and moist so as to undergo a kind of fermenta- 
tion, and from which the tannic acid can be 
extracted by a mixture of water and ether. 
Whereas gallic acid has an acid taste, the taste 
of tannic acid is very strongly astringent. To 
this astringency there is some bitterness added, 
and persons who like their tea to have “a little 
body ”’ or taste in it are really seeking for a high 
proportion of tannic acid. The astringency of 
this acid ought not really to be described as 
affecting the nerves of taste. In reality it is 
none other than the local action of the acid, 
dependent upon the fact that it precipitates 
albumin (including the albumin of the cells that 
line the mouth) in the form of an insoluble 
tannate. Tannic acid is readily soluble in 
water and in alcohol. It forms with salts 
of iron a bluish black precipitate which is none 
other than ink. For this reason it is a matter of 
importance to the druggist that he shall not 
mix up, in one prescription, salts of iron and 
vegetable infusions or tinctures containing 
tannin. There is no real objection to the ink 
that is formed except that it gives the mixture 
® very unpleasant appearance. Tannic acid 
also precipitates ulkaloids in general. Hence 
tannic acid or strong tea may torm valuable 
antidotes in cases of alkaloidal poisoning. 

The Abuses of Tannic Acid. We must 
now discuss in turn the uses and the abuses of 
tannic acid. This substance has no properties 
desirable for the human body in health. On the 
contrary, its chemica] properties cause it to 
interfere, in proportion to the amount of it that 
is taken, with the processes of digestion from 
first to last. Its evil action begins in the mouth, 
where, by precipitating albumin, it interferes 
with the flow of saliva, and does not end till 
it reaches the bowel, the activity of the upper 
part of which is interfered with. The most 
familiar form of tannic acid is thereafter converted 
into gallic acid, which, as we have seen, has no 
astringent properties. The amount of tannic 
acid in a typical black tea is about 16 per cent., 
and in a typical green tea about 27 per cent. On 
the average, there is very much more tannic acid 
in Indian and Ceylon teas than in China teas. 
This difference is a matter of great importance 
because it suffices to make the China tea far 
more desirable as a beverage. 

Tannic Acid in Tea. On this important 
matter we cannot do better than quote from the 
most authoritative book in English, the well- 
known work of Dr. Hutchison on ‘“ Food and 
the Principles of Dietetics.” He says: ‘‘ The 
composition of the infusion is of much greater 
practical importance than that of the leaves 
from which it is made. The caffeine (or 
theine, the valuable stimulant alkaloid contained 
in tea and coffee) is so soluble that it is prac- 
tically all dissolved out of the leaf immediately 
infusion has begun. With tannic acid this is not 
the case. There is certainly less tannic acid 
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after three minutes infusion than after five, 
and less after five than after ten; but beyond 
that one does not find much increase, for by that 
time practically the whole of the soluble matters 
have been extracted from the leaf.” In general, 
the proportion of tannic acid is much more 
affected by the length of infusion than that of 
caffeine. Hutchison quotes a large number of 
experiments made by others, and repeated and 
extended by himsolf, which show that “ the longer 
tea is infused, the higher is the proportion of 
tannic acid dissolved out, while the proportion 
of caffeine, on the other hand, is but little 
affected. From this the practical inference is 
that if one wishes to avoid having much tannin 
in tea one should infuse it for as short a time 
as possible.” In order to emphasise the great 
superiority of China tea, we may quote one series 
of experiments in which it was shown that 
while three minutes’ infusion, on the onc hand, 
and 15 minutes’ infusion on the other, yielded 
respectively 7°7 and 7°9 per cent. of the tannic 
acid in a China tea, the figures for an Indian tea 
wore respectively 11°3 and 17°7 per cent. 


How to Make Good Tea. Dealing further 
with this very important matter, Dr. Hutchison 
shows—and the whole of expert opinion agrees 
with him absolutely—that tea should really be 
infused, not boiled or stewed, as is so often the 
caso ; also, that the amount of leaf commonly 
used is excessive ; further, that infusion should 
be limited to, at most, four minutes, not 
only because prolonged infusion extracts too 
much tannic acid, but also because it ‘“ dissipates 
the volatile oil, to which much of the fragrance 
of a good cup of tea is due.” It is also pointed 
out that the addition of milk or cream is to be 
commended on hygienic grounds—not, as might 
be thought, because the albuminous matter of the 
milk is a valuable food, but because it precipi- 
tates some of the tannic acid of the tea before 
it is swallowed, and so prevents it from doing 
harm afterwards. Tho reader would certainly 
not consider excessive the brief amount of space 
we have devoted to the chemistry of tea if he 
realised the very grave injury to the digestion 
which strong tea works in thousands of cases. 
A large part of the injurious effects of tea, com- 
monly attributed to its action on the “ nerves,” 
is not really due to its stimulant ingredient at 
all, but to the injury which improperly made tea 
inflicts upon the digestion in virtue of the simple 
fact that tannic acid precipitates albumin. 


The Uses of Tannic Acid. Ignoring the 
local medical uses of tannic acid, which all depend 
upon the important property already emphasised, 
we may refer briefly to the uses of this substance 
in the process of tanning, by which animal hide 
is converted into leather. And here it is necessary 
to point out that, as a matter of fact, there is a 
very large number of different kinds of tannic 
acid. Indeed, it may almost be said that every 
vegetable source of tannic acid yields a product 
somewhat different from every other. Hence, 
compound names have been invented. Ordinary 
tannic acid is known as gallo-tannic acid, since 
it is prepared from gall nuts; the bark of the 
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oak yields a .querct-tannic acid, which does nut 
yield gallic acid when it is boiled with sulphuric 
acid. The tannic acid in coffee, again, has been 
sharply distinguished, as also catechu-tannic acid 
and kino-tanniceacid, derived from the vegetable 
products called cafechu and kino. These two 
last are very much less soluble in water than 
ordinary tannic acid, and hence are of special 
value in medicine. 

In general, it may be said that the process of 
tanning consists in the formation in the hide of a 
dense and insoluble tannate of albumen. Thus, 
the meal known as a meat tea, which ruins so 
many digestions, is almost equivalent to filling 
one's stomach with leather. 

Naphthalene. In preparing for the study 
of the extremely important bodies known as 
alkaloids, we must begin with 1 substance, the 
supposed relation of which w benzene itself is 
very simple ; this is known as naphthalene, and 
has the empirical formula C,,H,. Long ago, 
Berthelot showed that we may suppose this, 
and many other complex bodies derived from 
the distillation of coal at high temperatures, to 
be formed by a synthesis from much simpler 
bodies, as the consequence of the action of high 
temperature alone. Thus, the quite simple sub- 
stance ethylene, which we have already studied, 
yields not only benzene, but also naphthalene 
when it is passed through a porcelain tube kept 
at a high temperature. 

Naphthalene is an important constituent of 
what is left when carbolic acid has been re- 
moved from coal-tar. It crystallises in the form 
of large, thin, and beautiful colourless plates 
which are only very slightly soluble in cold alcohol 
but readily in hot alcohol. It melts at about 
80° C., and boils at 217° C. Small quantities of 
it are present in coal gas, and it is also added 
sometimes to ordinary coa] gas—which is im- 
pregnated with naphthalene vapour just before 
it escapes from the burner—in order to increase 
its luminosity. Naphthalene also plays a part in 
the coal-tar colour industry. 

Constitution of Naphthalene. There 
is every reason to believe that the mole- 
cule of naphthalene consists of two benzene 
rings joined together so that they possess two 
carbon atoms in common—-the said carbon atoms, 
unlike the others in the molecule, not having 
hydrogen atoms attached to them. If the reader 
will draw two benzene rings for himself, side by 
side, he will readily discover the slight modifica- 
tion necessary to convert them into the graphic 
formula of naphthalene. A large number of 
chemical facts go to support this theory of the 
constitution of the body. Its numerous deriva- 
tives show a very close correspondence to those 
of benzene itself. The colour value of many of 
them has already been alluded to. 

Chinolin. Very similar to naphthalene 
in many respects is the substance known as 
chinolin, the importance of which we shall soon 
see. It occurs in coal-tar. Instead of consisting 
of two benzene rings having two atoms of carbon 
jn common, like naphthalene, chinolin consists of 
e benzene ring and a pyridin ring having two 
carbon atoms in common. The empirical formula 
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of pyridin is C,H,N. It is a volatile, offensive- 
smelling base; it is, like benzene, very stable, 
and is found in coal-tar. 

The chinolin thus constituted is a colourless, 
oily substance and, like pyridin, has a character- 
istic smell. Its special interest for us lies in 
the fact that it is very closely copied in consti- 
tution by the great group of organic compounds 
which are found in a vast number of plants, and 
also in the animal body under various conditions, 
and are known as alkaloids. A very large 
amount of work has been done on the pure 
chemistry of this great group of bodies in recent 

ears, and lately a considerable number of them 

ave been constructed by synthetic chemistry. 
Before we consider their characters in general, 
and those of the more important members of 
the group in particular, let us look as closely as 
possible at their relations to the compounds 
which we have lately been discussing. The 
importance of this question is two-fold. There 
is no need for us to emphasise its importance in 
pure chemistry; but it is important because 
the alkaloids in general exercise extremely 
marked and definite and sharply contrasted 
actions upon various kinds of living tissue. 
Now, it is coming to be found—as we are now 
well prepared to believe—that there is the most 
precise relation between the constitution of an 
alkaloid and its behaviour in the body. In 
other words, it is pre-eminently the alkaloids 
which promise to enable us to unravel many of 
the mysteries of the chemistry of life itself, and 
even of the chemistry of consciousness. Alread 
they supply us with hundreds of facts hich 
prove the relation between chemical constitution 
und pharmacological action—that is to say, 
action upon the life and function of various 
kinds of living matter. 


The Evolution of the AlKaloids. 
Let us, then, briefly retrace the imaginary evolu- 
tion of an alkaloid from the benzene ring. If it 
occurred to the reader to attempt to construct 
for himself the graphic formula of pyridin— 
which we have purposely omitted to discuss until 
now, 80 that he might have a chance of teaching 
it to himself—he would be able to guess that it 
is none other than the formula of benzene, with 
an atom of nitrogen substituted for one of the 
CH groups. This, then, being noted, there will 
be no difficulty whatever in writing the formula 
of chinolin, the constitution of which we have 
already described. Now, it can be shown that 
if we double the formula of chinolin, and make 
a few changes in the formula thus produced— 
changes no graver than the substitution of 
hydroxyl for hydrogen and so on—we obtain 
the formula of one of the most remarkable and 
important of all the alkaloids—namely, morphia 
or morphine. This has the complicated empirical 
formula C,;H,,NO,, and the graphic formula 
naturally looks very complicated indeed, yet its 
architecture can be traced up without any diffi- 
culty from benzene through pyridin and chinolin. 

Nor is this a mere lucky chance. On the 
contrary, we find that the simplest manipulations 
of the molecule of morphine, thus obtained, will 
provide us with many other alkaloids. The 


abstraction from it of one molecule of water, for 
instance, gives us the very characteristic alkaloid 
known as apomorphine, which has a unique action 
upon one particular spot of nervous tissue, and 
that alone—namely, the spot in the lower part 
of the brain, the activity of which reverses the 
normal movements of the stomach and causes 
vomiting. This dehydration of morphia can 
easily be effected in practice, apomorphine being 
prepared for medical purposes by heating 
morphine in sealed tubes in the presence of 
hydrochloric acid. Then again, if we replace 
a hydrogen atom in the molecule of morphia by 
the miethyl radical, CH.,, we obtain the alkaloid 
thebaine which, like nmorphia, is contained in 
opium, and has an action on the body directly 
and specifically antagonistic to that of morphine 
itself. Thus the one molecule will depress 
almost to the point of death the motor nerve 
cells in the spinal cord, while the other molecule, 
identical in every respect of its architccture, 
except, so to speak, for the substitution of 
hydrogen by methyl at one odd corner, will 
violently stimulate those very same cells so as 
to cause extreme convulsions. Obviously, these 
facts have a meaning and an interpretation which 
must some day be discovered. 

The Properties of the AlKaloids. 
We have already seen that a large number of the 
alkaloids, including some of the most important 
of the group, are to be regarded as modifications 
of chinolin, and we have observed how a minute 
change in the molecule may cause complcte 
reversal of the chemical processes displayed by 
the alkaloid when it is imbibed by certain living 
cells. Now, before we consider the properties 
of the alkaloids in general, we must note a fact 
which will help us to understand those general 
properties—the fact that the alkaloids may be 
regarded as compound ammonias, that is to say, 
ammonias in which hydrogen atoms have been 
replaced by various radicals, usually extremely 
complicated. This view of the alkaloids is justs- 
fied by purely chemical considerations, but it: is 
also strongly supported by those more remotely 
chemical considerations which are involved in the 
action of the alkaloids upon the body. 

We may define the alkaloids, then, as highly 
complex derivatives of ammonia or of benzene, 
formed in nature by the action of living matter 
alone. As the name implies, they strongl 
resemble alkalies and, most notably, the alkali 
called ammonia. Thus their solutions are 
definitely alkaline in reaction, and with acids 
they form definite salts. All alkalies contain 
carbon, hydrogen, and nitrogen. The great 
majority of them contain oxygen. A few 
containing no oxygen are liquid, but the 
remainder are solids, usually crystalline. The 
best instance of a liquid alkaloid containing no 
oxygen is nicotine, which we must afterwards 
discuss. The alkaloids are found to be elcctro- 
positive on electrolysis. They are only very 
slightly soluble in water, but ae soluble in 
ether, alcohol, and chloroform. e solutions 
are very bitter to the taste. In general, we may 
say that ether dissolves alkaloids, water dis- 
solves their.salts, and alcohol dissolves both the 
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alkaloids and their salts. If an alkali be 
added to the solution of an alkaloidal salt in 
water, the alkaloid is precipitated. Alkaloidal 
salts are formed on the plan of the salts of 
ammonia, as, for instance, in the formation of 
ammonium chloride, which is NH.HCl. Water 
is not produced. All alkaloids yield precipitates 
with tannic acid, with tetrachloride of platinum, 
and with perchloride of mercury. In this respect 
the alkaloids are distinguished from the large 
group of substances found in the vegrtable 
world, and known, in our present state of 
ignorance, as neutral principles. 

Names in Chemistry. Of recent years 
chemists have made a serious attempt to obtain 
uniformity in the spelling of the names of the 
alkaloids. The authorised spelling nowadays 1s 
to terminate the name of every alkaloid in -ina 
as the scientific form of the name common to all 
countries. This we render in English as -ine. 
Closely similar bodies which are not alkaloids 
but neutral principles or glucosides are always 
to be spelt without the “e.” Thus the termina- 
tion we have indicated is recommended to be a 
conclusive mark of the alkaloidal nature of the 
substance to which it is applied. Hence the 
proper way to spell phenacetin is without a 
final ‘‘e”; and the same applics to the neutral 
principles such as aloin aad to the glucosides 
such as salicin. 

Structure and Function. Before wo 
pass on we must insist once again upon the 
great importance of the alkaloids, dependent 
upon the intimate relations between their 
structure and their function. Students of bio- 
logy and natural history are familiar with these 
two terms, and with the correlation between 
structure, on the one hand, and function on the 
other—anatomy on the one hand, and physiology 
on the other. Now, not only do the alkaloids 
exhibit the same correlation, but they promise 
to provide us with a key to the far greater 
questions of vital chemistry. Already we have 
noticed the effect of substituting a methyl! 
for a hydrogen atom in morphine. Let us now 
add the general observation that a large number 
of alkaloids which may act in various ways in 
their original state agree in having a specific 
paralysing action upon the extremities of 
motor nerves just at the very point where these 
motor nerves are distributed to the ultimate 
muscular fibres—provided that a methy] has been 
substituted for a hydrogen atom in the con- 
stitution of the alkaloidal molecule. Instances 
of this are furnished by strychnine, on the one 
hand, and methyl-strychnine on the other. 
Similar facts are recorded of brucine and methyl- 
brucine and of thebaine and methyl-thebaine. 
Here, also, since our desire is to correlate different 
parts of knowledge, we may briefly note how the 
facts of chemistry and the facts of pharmacology 
agree with the facts of botany. It is found that 
plants of a given natural order yield alkaloids 
which are, in some cases, identical. In other 
cases the alkaloids are very similar in chemical 
constitution and, therefore, very similar in 
pharmacological action, or they may be markedly 
contrasted in alaraaonionea) action because of 
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chemical differences which, though slight, are 
crucial. Of such differences we have already 
seen iJlustrations. Opposing though allied alka- 
Joids are often found in one and the same plant. 

Animal Alkaloids. Before we consider 
the characters of the most important individual 
members of the alkaloid series, we must note the 
existence of a large number of alkaloids which are 
of quite different omgin, and which may be 
described os animal alkaloids. They are the 
products of decomposition produced in dead 
animal matter by the action of microbes, and 
their poisonous character has caused great atten- 
tion to be paid to them. The most important 
ot these animal alkaloids used to be called, and 
are still called, plomaines. Thus we frequently 
hear of “ ptomaine poisoning,” but this word 
has been variously used at various times, and 
it is really best abandoned altogether, as also 
is the companion term leucomaine, which used 
to be applied to alkaloids formed during life 
within animal tissues. It is far better to use 
merely the term animal alkaloids, which fur- 
nishes us with a convenient term in contrast to 
the vegetable alkaloids. 

Food Poisoning. The animal alkaloids 
produced in food material in the course of de- 
composition effected by microbes are the active 
agonts in cases of food poisoning—properly 
so-called. Not so long ago it was generally 
supposed that cases of illness following the 
cating of pork pie and so on were all due to 
what was called ptomaine poisoning, and it is 
rtill recognised that these animal alkaloids are 
capable of causing very serious gta date 
These alkaloids are most commonly discovered 
in tinned food, in cases in which the tins are 
‘blown ’—the ends being made to bulge by 
the formation of gas within the tin. Various 
animal alkaloids have been identified and 
have been proved to be capable of causing very 
bevere symptoms, but it 1s quite time for the 
public to recognise that the te1m ptomaine 
poisoning is misapplied in nine cases out of ten. 
As a matter of fact, it is actually doubtful 
whether a sufficiency of ptomaines occurs in any 
food-product, however bad, to cause really 
deadly symptoms. In short, we may almost 
venture to say that ptomaine poisoning 15 a 
myth. In general, these animal alkaloids 
ure very much less poisonous than the most 
familiar vegetable alkaloids, and some of them 
are practically inert. 

Microbes in Food. The truth is that the 
presence of these animal alkaloids in food is 
important, not in itself, but as an index to 
something else—the presence of active and 
possibly dangerous microbes in the food. In 
all probability it will soon be generally believed 


by experts that all cases of ptomaine poisoning 
are, in reality, not cases of intoxication by a 
chemical poison already present in the food, 
but cases of infection by living microbes present 
in the food. It is true that microbes cause their 
serious cfiects by the production of poisons 
within the body, but only very rarely are these 
poisons alkaloids at all, and even if they were, 
the true facts of the matter—facts which must 
markedly influence our action in regard to it— 
are widely different from those which were 
supposed when ptomaine poisoning, so-called, 
was first described. The latest authorities on 
this subject say, “In practically all cases, when 
a substance is being examined for ptomaines, it is 
found that the liquid containing them is far more 
poisonous than the alkaloids isolated therefrom.” 

In short, so-called ptomaine poisoning is 
really either poisoning by the non-alkaloidal 
poisons or toxins already produced by microbes 
in the food in question, or else is none other 
from the first than an infection by living 
microbes. 

The Education of Public Opinion. 
It is high time that public opinion on this 
subject should be educated up to the level of 
present expert opinion and not to the level of 
expert opinion of twenty-five years ago. It is 
especially to be hoped that no reader of the 
course on Chemistry in the SELF-EpucaToR will 
forget that the animal alkaloids, very interesting 
and important though they be, are not really 
responsible for so-called ptomaine poisoning. We 
may here quote from Drs. Thresh and Porter 
an account of what typically happens in cases 
of so-called ptomaince poisoning : 

‘A’ cow or pig is attacked with diarrhea, 
possibly due to the Bacillus enteritidis, or an 
allied species, and some of the bacilli enter the 
general blood stream. ‘The animal is slaughtered 
and the flesh possesses the normal appearance. 
Probably at this stage no bacilli can be detected 
in the murcles, but a rapid multiplication takes 
place after death, when the circulation has 
ceased. The meat is cooked or made into pies, 
or pickled ; the process is insufficient to destroy 
the bacilli in the interior, and an epidemic 
results, or it may be that while the bacilli have 
been killed the toxins produced have escaped 
destruction, and these may be present in suffi- 
cient quantities to produce poisonous effects.” 

In short, the result of modern inquiry by 
chemistry, on the one hand, and bacteriology 
on the other, is to transfer the subject of ptomuaine 
poisoning from the domain of the older science 
to that of the newer. Thus, the sooner the term 
pluomaine and the term plomaine porsoning are 
abandoned, the better. The first is useless, 
and the second is entirely misleading. 
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Separation of the Juice. 


WE will now outline the process of manu- 

facturing sugar from sugar cane. The sugar 
cane is passed through a sugar mill, and the juice 
that is expressed 1s submitted to processes of 
purification. The juice is concentrated until 
the sugar is obtained in a crystalline form. The 
sugar is then prepared for the market, or “ cured,”’ 
and the molasses treated so as to recover from 
it any remaining sugar. Theso processes are 
conveniently considered in the following divi- 
BIONS : 

1. Separation of the juice. 

2, Clarification of the juice. 

3. Concentrating and crystallising. 

4. Curing the sugar. 

Separation of the Juice. The canes 
are cut as described in the previous lesson, and 
within as short a time as possible passed through 
a mill which squeezes out the juice. The oldest 
form.of cane mill was 
provided with wooden 
or stone rollers, but, 
except in some parts 
of India, these have 
been replaced by iron 
mills, The three-roller 
mill is the most used. 
In this, one roller, the 
“head” roller, is 
placed above the other 
two, and moves in the 
opposite direction to 
them. The mill is 80 
arranged that the cane 
can easily enter, the 
pressuro being  in- 
creased by the adjust- 
ment of the rollers. In 
Stowart’s cane mill ad- 
ditional power is obtained by means of a massive 
crushing head forced down by hydraulic pressure. 
Merrilees, Watson & Co., dispense with the use 
of hydraulic appliances and make a mill with 
yiclding ends, by means of toggle levers acted 
on by springs. 

The mill automatically relieves the pressuro 
on one or more rollers and prevents jamming 
in case of irregular feeding. Simpler forms 
of mill have but two rollers [2], and others 
are used having rollers up to eight in number. 
The mills are often fed mechanically. As the 
crushing mill does not press out the whole 
of the juice, double «nd triple crushing are 
employed, and sometimes the crushed cane 
is soaked with hot water fn its passage from 
one mill to the other. It is not possible to 
extract the whole of, tho sugar, but the loss 
is reduced to about one per cent. Becent 
patents embody the use of a diffusion process— 
& soaking in hot water in closed vesscls— between 
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the two crushings. The bagasse (crushed cane) 
from tho first mill is passed into diffusera con- 
taining heated water, and after a time tho 
bagasse is drained from the saccharine liquid, 
and pressed in the second mill. The weak 
liquid from the diffusers is re-heated and 
used in the diffusers for fresh bagasse. The 
diffusion process is universally used in making 
sugar from beet, and will be fully described 
in a later lesson. In manipulating sugar 
cane, diffusion is held to be a failure, as the 
results obtained by double and triple crush- 
ing are quite as favourable and much loss 
expensive. 


Preparing the Cane. Various methods 
have been suggested for preparing the sugar 
cane for the mill, such as shredding and cut- 
ting up the cane. The Ross apparatus cute 
the cane into four-inch longths, then slices 
the pieces, and passes 
thom on to the mill. 
The Fletcher machine, 
for a similar purpose, 
was patented in 184, 
and can be regulated to 
kecure a product of the 
desired dogree of fineness. 
" Several patents taken 
out by Kidd in 1803 
were devised on the plan 
of submitting the com- 
minated cane to the ac- 
tion of steam = before 
passing it on to the mills, 
the idea being to facil 
tato the extraction of 
juice. The objection to 
the use of heat in cane 
juice extraction is that 
gummy matter, which causes much trouble 
afterwards, is removed. The limit of econo- 
mical extraction of residual sugar from bagasse 
is soon reached when large quantities of water 
have to be evaporated. 

The cane juice is next strained through a 
wire-gauze screen to remove picces of cane 
and other mechanical impurities. 

Clarification. The strained juice is then 
submitted to the clarification, or defecotwn, pro- 
cess. The juice is run into a large copper 
vesse] heated by steam and raised to a tempera- 
ture of 130’ F. Milk of lime, in the average pro- 
portion of 4 oz. of quicklime to a gallon ot juice, 
is then added, and the heat continued until 
a temperature of 180° F. is reached. At this 
temperature a thick scum rises, and when 
the scum shows signs of “ cracking ” the stcam 
is turned off. The juice is allowed to rest, 
and the intermediate layer of clear juice drawn 
off into an evaporating apparatus. The scum 
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and sediment are transferred to a separate tank. 
The lime is used to neutralise the natural acids 
of the juice, which, if allowed to remain for any 
length of time, would cause inversion of the 
Rugar. 

The heat removes the albuminous matters by 
causing coagulation, and the lime assists mechani- 
cally and chemically in removing the coagulated 
albumin as scum or sediment. The process of 
adding lime is called tempering, and as the 
quantity to be added varies, the lime is added 
until a faint alkaline reaction is indicated by 
means of Jitmus paper. 

Continuous Defecation. Of late years 
continuous methods of defecation have been 
devised. Harvey's apparatus is 
a trough-like vessel heated by 
steam. Adjustable baffle plates 
or transverse divisions are 
fitted at. spaced distances within 
the defecating vessel, forming 
practically separate chambers, 
while a settling chamber is fitted 
at the end of the defecator. 
Channels are arranged to draw 
away the scum and clear juice. By adjusting 
the temperature a continuous movement is 
given to the liquid, which readily parts with 
suspended matter in the settling chamber. 
In Deeming’s superheat clarification method, 
the juice is heated in successive stages to a 
high temperature, and is thence passed to a 
special form of settling tank. This tank is 
a large cylinder with a conical bottom, arid 
inside this is a conical vessel that reaches down 
to the conical part of the cylinder. The hot 
juice is conducted into the outer tank, and 
causes currents of juice 
which induce the sedi- 
ment to fall into the 
conical bottom of the 
cylinder, the clear 
liquid being drawn off 
at the top. 

The scums which have 
been yielded by the 
defecation process have 
steam blown into them 
to still further coagu- 
late the albuminous 
matter and are then 
filtered, lime being 
sometimes added to 
assist the process. 

Carbonatation. An alternative process of 
clarifying cane juice is known as carbonatation. 
The method is always used in beet sugar manu- 
facture, and is described at a later stage. The 
advantage claimed for the process in the case 
of cane sugar is that the resulting produce is purer 
and fetches a higher prico than sugar submitted 
to the usual defecation process. 

Concentrating. The next step in the 
manufacture of sugar is to remove the water 
from the clarified juice so that the sugar may be 
obtained in a solid state. Usually, this is done 
by evaporating the liquid until it reaches the 
syrup stage, when it is transferred to a vacuum 
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3. THE WETZEL EVAPORATOR 





4. THE COPPER WALL 


pan, and concentrated until only 5 or 6 per 
cent. of water is left in the mass. The oldest 
method of evaporating the water from the 
sugar is effected by using a series of pans 
known as the copper wall [4], A description of 
it is useful as leading to a consideration of the 
improvements which have been mado on the 
primitive apparatus. The copper wall consists 
of a series of open pans called teaches or taches, 
the set of four being placed over a flue. The 
fire is at one end and is directly beneath one of 
the teaches, the heat passing along the flue 
to the chimney at the other end. The clarified 
juice is first placed in the pan nearest the 
chimney, and when it has been concentrated 

a little it is clarified out into the 
| next one, and so on, until it 





reaches the pan over the fire, 
where the evaporation is con- 
tinued until the crystallising point 
is reached, when the mass is ladled 
out into cooling vessels. In this 
method a good deal of fuel is 
wasted, and there is danger of 
overheating the sugar, which not 
only spoils the colour of the product, but results 
in inverting some of the sugar—that is, preventing 
crystallisation of the full quantity of sugar. 
Introduction of Steam Pipes. The 
next step was to replace the open fire by steam- 
pipes in the pans. This led, owing to the choking 
of the pipes, to what are called film evaporators. 
The earlier patterns consisted of a cylinder 
heated by steam, revolving in a trough of sugar 
juice. This gave place to the Wetzel evaporator [8], 
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_in which the cylinder was replaced by a number 


of copper pipes. The steam passes through the 
pipes from one end to 
the othor, the apparatus 
revolving in a trough 
of juice. A modifica- 
tion of the Wetzel plan 
is that in which dtsce 
are employed instead 
of steam-pipes. 

The Concretor. 
Fryer’s concretor is a 
more economica] 
method of applying 
heat to the evaporation 
of water. The object 
in the concretor is to 
pass a shallow stream 
of juice over a series of 
trays heated by an open fire or steam. Tho 
trays are divided by ribs running from ono 
side nearly to the other, so that the liquid 
requires to take a narrow winding course during 
its passage from one end of the apparatus to the 
other. One of the concreters consists of a series 
of ten trays, measuring about 48 ft., and with 
the serpentine course which the juice must needs 
take, five or six times this length is traversed, 
and this in about five minutes. On leaving the 
last tray the juice is run into a trough with o 
revolving cylinder heated in its interior by hot 
air. The heating in this part of the apparatus 
is continued until the mass becomes flaky 


instead of liquid, when it is discharged into 
casks, where it solidifies, and is ready for the 
refiner. The whole process takes about half an 
hour, and the average yield of concrete is about 
2 Ib. to the gallon of juice. 

Evaporation Under Reduced Prea- 
sure. Howard, in 1813, patented a method 
of evaporating sugar by what are known as 
vacuum pans, which it will be convenient to 
refer to here. He found that by reducing tho 
atmospheric pressure by pumping out the air 
from a covered pan solutions of sugar boii at a 
much lower temperature, and thus no risks were 
run of injuring the sugar by overheating. Further, 
the process was more rapid, as, owing to the 
lowering of the boiling point of the liquid, the 
difference in temperature between the heating 
steam and the boiling liquid is greater, and 
hence greater transmission of heat is obtained 
for a given heating surface. The heating of 
Howard's vacuum pan was effected by means of a 
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steam jacket, but this was afterwards replaced 
by steam coils within the pan. The steam jacket 
is not an economical method of transmitting heat, 
as the air introduced with the steam forms a non- 
conducting medium in the upper part of the jacket. 
The remedy in this case was to blow off the steam 
every now and then by meansof a tap. Roth 
introduced the use of steam-pipes, and Degrand 
endeavoured to utilise the vapours of the pan 
for heating a further quantity of liquid. 
Multiple Evaporation. This plan of 
Degrand’s was further developed by Rillieux, who 
designed a series of three vacuum pans, which he 
called ériple effet [5]. The vessels are connected 
by means of valves so that the juice can be 
drawn successively from one to the other, but 
the most important principle is that involved in 
using the latent heat of steam three times over. 
Dr. J. Lewkowitch recently gave the following 
explanation of the principle of the multiple effct 
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before a meeting of the Society of Chemical 
Industry: “Suppose,” he said, “we have at 
our disposal heating steam of what is termed 
in practice half an atmosphere (or one and a half 
atmospheres expressed in absolute pressure), 
such as the exhaust steam from an engine. The 
temperature of such steam would be about 
112° C. fig Were further, that we have em- 
ployed the best practical means for producing 
vacuum at the outlet of the third vessel, so that 
the temperature would be about 46°C. We 
have, therefore, a temperature difference of 
112°— 46° = 66°C. available for evaporating 
purposes. This difference would have to bo 
distributed over the three vacuum vessels or 
effets. If we make the heating surface of cach 
vessel the same, it follows that the amount of 
water evaporated will be the same in each vessel. 
Consequently, the difference of temperatures in 
the three vessels must be the same—66/3 = 
22°C. We have now the following stato of 
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affairs: the steam entering the first effet has a 
temperature of 112°C. We require 22°C. for 
raising the liquor in the first vessel to the boiling 
point ; the Jiquor would then have a temporature 
of 112° — 22°C. = 90°C., and the vapours 
escaping from the outlet the same temperature 
of 90°C. To this temperature of the vapour 
corresponds the absolute pressure of 525 mm., 
or in technical parlance, a vacuum of 235 mm. 
—say 9 in, A gauge (manometer) fixed to the 
outlet of tho first vessel would therefore register 
this vacuum. The steam enters the heating 
system of the second effet with a temperaturo of 
90° C. The liquid in the second vessel requires 
22° for raising it to the boiling point and has 
therefore the temperature of 68° C. If no loss 
of heat take place the temperature must be 
slightly higher, as the flow of liquid gocs in the 
direction from the first effet to the second effet, 
and the liquid coming from the first vessel has 
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the temperature of 90° C.; but this point may 
be neglected here. The vapour escaping from 
this second vessel will have the temperature 
of 68° C., which corresponds to an absolute 
pressure of 213 mm. (8°5 in.) or a vacuum of 547 
mm.—say, 21°5in. This vapour of 68° C. enters 
the heating chest of the third vessel and brings 
the liquid therein to the temperature of 46° C.”’ 

The Yaryan Evaporator.  Rillieux, the 
inventor of the system of multiple evaporation, 
employed horizontal cylinders furnished with 
a number of horizontal tubes. A disadvantage 
is that the steam passes 
through all the heating 
tubes with a uniform 
velocity, very low in the 
case of the second and 
third effets, thus making 
a rapid exchange of heat 
impossible. This led to 
tho use of vertical vessels 
with shorter horizontal 
heating tubes such as 
are now employed. The 
next innovation ‘was 
Yaryan’s, in which the 
liquid is passed through 
narrow tubes while the 
kteam circulates around 
them. Yaryan adopts 
in his apparatus [6] the two principles of 
evaporation in vacuo and multiple effet. The 
evaporator consists of a series of straight tubes 
passing from end to end of a shell or drum 
and coupled together by an ingenious arrange- 
ment of pockets to form coils, the main advan- 
tage gained being the case with which the straight 
tubes can be examined and cleaned. 

As a rule the coils consist of an odd number 
of tubes, the inlet being at one end of the 
evaporator and the outlet at the other. At 





the outlet end of the evaporator is a separating | 


chamber in which the liquid dis- 
charged from the tubes is completely 
separated from the vapour. Below 
the separating chamber is a collecting 
chamber into which the liquid flows, 
whence it is drawn by superior 
vacuum into the yaporising coils of 
the second effet, in which it under- 
goes @ second process of evaporation 
by means of the vapour that comes 
through the vapour pipe at the top 
of the separating chamber of the first 
effet into the shell of the second effet. 

As noted above, evaporation takes 
place within the interior of the vaporising coils, 
the heating agent being outside the tubes, and as 
the rate of the feed of liquid to be evaporated is 
arranged so that it cannot fill these coils, there is 
never any depth of liquid to be displaced by the 
vapour in its endeavour to escape from the 
heating surface. In addition to this the rapid 
circulation induced by the formation of the 
vapour in the interior of the tubes promotes a 
movement which brings into play the whole of 
the heating surface in a manner not attained 
in the multiple effet. 
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71. LYRE-SHAPED TUBES 
IN VACUUM PAN 


Lille’s Evaporating Apparatus. This 
apparatus, introduced in 1893, has for its object 
the separation of suspended liquid particles 
from the vapours evolved during the evaporation 
of liquids. By means of perforated plates 
the juice is distributed over a series of hori- 
zontal pipes arranged in a closed chamber. 
Steam is niwaleead through the pipes. The 
vapour from the juice passes through and around 
baffle plates into a prolongation of the evaporat- 
ing chamber called the subsiding chamber. 
The baffle plates cause the suspended particles 
to separate and fall to 
the bottom of the sub- 
siding chamber, whence 
they are drawn off by 
means of a pipe below. 
The vapour passes off 
by an outlet pipe in a dry 






j= state, the pipe being in 
= the upper part of the 
+e subsiding chamber. 
a Harvey’s Evap= 
a orators. Patented in 


1899, these evaporators 
are constructed of a 
series of steam-pipes with 
vertical juice-circulating 
tubes and vapour gen- 
erating vessels which are 
superposed in vertical columns so as to act as 
triple or multiple effet. Rapid circulation of the 
juice is attained and a quick rate of evaporation. 
There are numerous other varieties of evapora- 
tors, but each will be found to fall within one 
of the general kinds enumerated above. 
Crystallising. Jn the copper wall, Wetzel] 
apparatus, and Fryer’s concretor, the juice 
is converted into solid sugar, while in the 
multiple effet and Yaryan evaporator the juice 
is only reduced to a syrupy consistence—until 
it has Jost 70 per cent. of its bulk. When tho 
juice has reached this stage it is 
transferred to a vacuum pan and 
boiled‘ until grains of sugar are 
formed. The vacuum pan [8] is 
fitted with two or three coils [7] of 
steam-pipe sufficiently separated to 
allow of free circulation of the con- 
tents of the pan. The pan is fitted 
with pumps for making a vacuum 
and a contrivance called a proof 
stick for obtaining samples of liquid 
from the interior without breaking 
the vacuum. The working of the 
vacuum pan is as follows: The air 
pump is started. and as svon as the vacuum 
reaches 26 in. or 27 in. the feed cock on the side 
of the pan is opened and sufficient liquor drawn 
in to cover the botto.a coil. Steam 1s then 
turned into the coil and the liquor rapidly 
evaporates. Further supplies of Jiquid are 
admitted at short intervals, the feed cock being 
opened for about 15 seconds at a time until 
the contents of the pan show signs of “‘ graining,”’ 
when samples are taken with the proof stick. 
The grain is “fed” carefully, the cock being opened 
frequently and each time the quantity admitted 
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mereased. As the amount of syrup in the pan 
increases steam is turned on in the other coils 
until at the completion of the charge the pan is 
nearly full or up to the “ bull’s eyo,” or sight 
hole, in the side of the pan. In this way the 
grain “ grows” in size. The whole skill of the 
pan-boiler consists in inducing the grains to grow 
to their utmost, and this can only be done very 
slowly and by manipulating the tempcrature. 


Striking the Pan. The mass in the 
pan at the finish of the boiling is termed masse- 
cutte, and the operation of discharging or 
emptying the pan is known as sértking. Tho 
striking point is judged by the firmness of a 
sample taken from the pan and ee 
cooled in water. When the grain is very small 
the pan is sometimes only half emptied and 
fresh syrup admitted, the half-emptying process 
being known as doubling, and the discharged 
massecuite as first cut. The process with 
pure juices can be 
repeated several times, 
but a point is reached at, 
last when the crystals do 
not increase in size, and 
the whole charge is 
struck, 

To save time in boiling 
it is now general to add 
sugar grains to the pan 
instead of forming grain 
from the syrup, this 
being known as seeding. 
In a pan containing 
about 30 tons of masse- 
cuite one ton of sugar is 
required, the sugar used 
heing that recovered 
from the molasses. 

Demerara Sugar. 
The yellow crystals 
known under this name 
are produced by adding 
to the massecuite suj- 
phuric acid s> as to 
slightly char the sugar 
grains, and give the 
bright yellow colour so 
much admired. About three gallons of sulphuric 
acid diluted with one and a half gallons of water 
18 used for five tons of sugar. It was formerly the 
practice to employ a small quantity of chloride of 
tin, but this has been discontinued in view of the 
fact that the cumulative cffects of the metallic 
impurity might be injurious, although no cascs of 
bad effects have been reported. Artificially dyed 
sugar in which aniline colour is employed has been 
sold as Demorara sugar, but legal proceedings 
have now stopped this, 

Curing the Sugar. The massecuite 
from the last operation consists of a mixture of 
crystalline sugar and molasses. The problem 
now is to separate the two. The oldest method 
is to run the massecuite into coolers and when 
set to dig out the mass and put it into casks 
with perforated bottoms. In this way the 
molasses drained out partially and yiclded raw 
or muscovado sugar. This crude method has 
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been replaced in most countries b 
of the massecuite in centrifugals. This process 
and crystellisation in motion, which now 
accompanies it, is dealt with in we lesson 
dealing with refining. 

The recovery of sugar from molasses is dealt 
with at the end of the article on beet sugar as the 
processes are common to the manufacture of 
cane and beet sugur. 


Cane Syrup. There is such a decided 
preference in the United States for sugar in the 
form of syrup that attention should be con- 
centrated on syrups. The Florida sugar canc 
is particularly well adapted for syrup production. 
In canning syrup the important point is to 
destroy all ferments in the syrup and the vessel 
by heat, and therefore provent germs from 
entering. For family use fruit jars with rubber 
bands are quite suitable. Golden-coloured tablo 
syrup manufactured in Barbados and Porto 

Rico commands such ua 


treatment 


" fancy price in the United 


States that it would pay 
the growers better to 
convert the whole of the 
cane sugar crop. into 
syrup. The addition of 
a little citrie acid helps 
to clarify the syrup and 
is advantageous, because 
it inverts some of the 
sugar and thus prevents 
crystallisation. © When 
an acid syrup is used m 
cooking it advantageoun- 
ly reacts with the bicar- 
bonate of soda employed 
as a baking - powder. 
The casks in which the 
syrup is stored should 
have been steamed and 
sulphured before being 
filled with syrup. 
Cane Sugar Fac» 
tory. A factory capable 
of dealing with 100 
of cane per 24 hours and 
employing engines of 160 
h.-p., turning out 8 tons of sugar daily, could be 
erected and equipped for about £40,000. The 
cane mills are placed on the ground floor and the 
juice 1s pumped up to the top floor and descends 
as it is manufactured. In the laboratory a 
polariscope, such as is figured in the lesson on 
sugar testing, costs £10; a balance costing about 
£10 will also be required as well os dishes and 
other pieces of apparatus. The establishment 
of central factorics hay been urged as a means 
of resuscitating the sugar industry in the 
West Indices. A factory in which modern 
machinery and scientific control are installed 
would be able to obtain a better yield of sugar 
than smaller factories. The position of the 
factory would be determined by the facilities 
of transport, and if the factory were worked on a 
co-operative system among the cane growers 
friction would be avoided. In buying sugar 
cane the sugar yield is the only satisfactory basis. 
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AN AGE OF MARTYRDOM 


Fall of Cardinal Wolsey. Sir Thomas More. 
Queen Mary and the Persecution of the Protestants 


Accession of 


By JUSTIN McCARTHY 


WE must go back some years to record the fall 

and death of Cardinal Wolsey. His fall was 
as rapid as his rise. He displeased the King by his 
indecision about Henry’s divorce, and his many 
enemies quickly took advantage of his mis- 
fortunes. In 1529 he was prosecuted under 
the Statute of Praemunire, and resigned his office 
of Chancellor. He was afterwards impeached in 
the House of Lords, but the Bill was thrown 
out in the Commons, partly by the influence of 
Thomas Cromwell and paitly, it is said, by that 
of the King. His property was confiscated. He 
withdrew to York, but in 1530 was arrested on a 
charge of high treason. On account of his health 
he was allowed to travel to London by easy 
journeys, but he became so il] in consequence of 
an attack of dysentery thet he had to stop at a 
monastery near Leicester, where he died on 
November 29th, 1530. 

Sir Thomas More. The reign of Henry 
VIII. is made painfully memorable by the 
manner in which death sentences were inflicted 
on some of his most distinguished subjects. Sir 
Thomas More, scholar, author, and statesman, 
born in London, February 7th, 1478, came to 
hold high public offices. He was a member of 
the legal profession as well as of the House of 
Commons, was elected Speaker of the House of 
Commons in 1523, and was later made Lord 
Chancellor. Like Colet and Erasmus, with both 
of whom he was acquainted, More was of the 
new order of thinkers, and went with them in the 
desire for certain reforms in the Church. But he 
could not consent, any more than they, to a 
complete rejection of the ecclesiastical authority 
of Rome. When Henry VIII. was declared head 
of the English Church, More, who had resigned 
the office of Lord Chancellor in 1532 because he 
was altogether opposed to the King’s assumption 
of supremacy, refused to recognise any other 
head of the Christian Church than the Pope. 
His refusal to take the Oath of Supremacy was 
made the occasion for a charge of high treason 
against him, and after more than twelve months’ 
imprisonment he was sentenced to death, and 
was beheaded on July 7th, 1535. 

The Career of Thomas Cromwell. 
The fate of Thomas Cromwell is another 
event of Henry’s reign which has been almost 
universally condemned, although not, as in the 
case of Sir Thomas More, through admiration for 
the character of the sufferer. Thomas Cromwell 
is said to have been the son of a blacksmith and 
innkeeper in Putney, and to have served in his 
early years as a common soldier in Italy, and 
then to have been a clerk in Venice, Antwerp, 
and other places. He returned to England and 
became very successful as a lawyer and money- 
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lender; he attracted the attention of Cardinal 
Wolsey, who made much use of his services, 
and was probably the means of getting him into 
the House of Commons. He became Wolsey's 
secretary, and through him got into favour 
with King Henry. Cromwell advised the King to 
declare himself the supreme head of the Church 
of England, so that he would thus be able to 
settle the question of his divorce in his own 
Keclesiastical Courts. Cromwell’s action also 
brought about the suppression of the monasteries, 
although it is understood that he himself re- 
mained a member of the Church of Rome. He 
was made Chancellor, Secretary of State, and, 
finally, Earl of Essex. Then the tide of success 
suddenly turned, the reaction against Honry's 
claims to absolute spiritual domination set 
in, and Henry found himsclf embarrassed by 
the unpopularity of Cromwell's measures and 
character. 

When Henry could no longer with safety make 
use of any favourite minister, it seldom cost him 
much time to discover the quickest way of getting 
rid of the encumbrance. Cromwell had not been 
for quite two months the bearer of an ear!’s title 
when he was arrested on June 10th, 1540, 
and sent to the Tower. He was accused of high 
treason by the Duke of Norfolk, was not allowed 
any form of trial, but was condemned on a Bill 
of Attainder, an antiquated,and odious practice 
which had been much favoured by Cromwell 
himself during his days of power. 

The Bill of Attainder. Tho effect of o 
Bill of Attainder in those days was that when 
once it had been declared in force by the ruling 
powers against any obnoxious person that 
person was thereby put outside the range of legal 
trial, and had to be forthwith condemned. 
Cromwell was accordingly beheaded on Tower 
Hill, July 28th, 1540. 

There were several other executions during the 
reign of Henry VIII. which seemed as sudden 
und as capricious in their character as those we 
have mentioned, executions which appear to 
have been mere judicial murders, committed to 
gratify some humour or to secure some supposed 
interest of the sovereign. The foreign policy 
of Henry continued for some fime in alternations 
of antagonism, now with France and now with 
Germany, but the historical responsibility for 
this continuous warfare cannot be laid altogether 
on the shoulders of the English monarch. The 
whole condition of Europe at that time tended to 
1esolve itself into a struggle for superiority 
between England, Germany, and France, the 
great rising and rival Powers of the world; 
the political life of Europe was then only at an 
early stage of development, and there seemed to 


be something going on which resembled a mere 
struggle of organic physical forces. 


Peace Between England and France. 
France gave much excuse for some of Henry’s 
hostility to her by her constant endeavours to 
obtain contro] over Scotland, and to convert the 
northern and the southern division of the Britikh 
island into two entirely separate States, the 
Scottish kingdom becoming a sort of partner 
with the realm of the French monarch. In 1546 
a peace was concluded between England and 
France which, among other advantages to 
Henry, relieved him for the time from the inter- 
ference of the French monarchy with Scotland. 
Henry’s life was now drawing to a close. He 
had overtasked himself in every sense, had put a 
strain upon all his powers, physica] and intel- 
lectual, had had too much work, too much 
pleasure, too much passion, and his life came ‘to 
an end on January 28th, 1547, when, according 
to our modern estimate of man’s age, he had 
not long passed the most vigorous period of his 
existence. 
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Henry VIII. He lived and reigned during a 
period when one of the greatest political and 
religious convulsions which had come upon 
Lurope since the birth of Christianity was passing 
over England. By one class of historians he 16 
regarded as one of the greatest impelling forces 
of that movement, while by others he is set down 
as merely one of its involuntary instruments. 
Many of his deeds as a sovereign and a man are 
incapable not merely of defence, but even of 
excuse ; and the most favourable plea that can 
be made for these passages in his career is 
that other monarchs have committed sins as 
great and have yet been allowed by the general 
verdict of posterity to have made their country 
greater and stronger than they found it. So 
much, at Jeast, must be acknowledged when we 
study the reign of Henry VIII. He made his 
country greater than he found it, and if his life 
was stained with sin and crime, it must be owned 
that he lived at an age when the successful main- 
tenance of his country against many powerful 
enemies was believed to be a sovereign’s best 
excuse for his sins against the codes olf morals 
and religion. 


Edward VI. The reign of Edward V1. is 
memorable chiefly because of some of the 
‘trenge and even grotesque incidents and 
characters which it encloses. Edward, the son 
of Henry VIL. by his third wife, Jane Seymour, 
was only in his tenth year when he succeeded in 
the January of 1547. ‘The boy’s uncle, Kdward 
Seymour, Earl of Hertford, in defiance of the will 
of Henry VIII., by which Edward VI. succeeded 
to the throne under the regency of a counril of 
sixteen members, mostly Reformers, got himself 
made Protector to the young sovereign. He 
invaded Scotland in 1549, with the object of en- 
forcing the contract of marriage between Edward 
and the Scottish princess, afterwards famous in 
history as Mary Queen of Scots. Mary was the 
daughter of James V. of Scotland, and was born 
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at Linlithgow on December 8th, 1542, when her 
father was lying on the bed of sickness from 
which he was never to rise. Mary thus became a 
queen a few days after her coming into the work. 
It was arranged by the Regent of Scotland that 
Mery should be given in marriage to Prince 
Edward of -England. The Scottish Parliament, 
however, annulled the contract ; thereupon the 
English Protector invaded Scotland, and the 
Scots were defeated at Pinkie on September 
10th. The marriage between Edward of ingland 
and Mary of Scotland was not accomplished, and 
Mary was effianced to the Dauphm of France. 
The Protector, who had now created himself 
Duke of Somerset, received information, on his 
return to England, that his brother, Lord Sey- 
mour, an Admiral in the Service, had been 
intriguing against him, which Somerset regarded 
ws intriguing against the welfare of the King 
end the State; end without troubling himself 
about considerations of family and feeling, he 
had Lord Seymour executed in March, 1549, 
Lord Seymour was the second husband of 
Catherine Parr, widow of Henry VITI. 


same year there were two uprisings in 

one of the Catholics in Devonshire, who felt 
themselves heavily oppressed by the new laws 
following the Reformation, and another of the 
discontented agrarian population around Nor- 
wich. Both risings were suppressed without 
much mercy by Somerset. But Somerset’s power 
wes soon to come to an end. He found an 
opponent in the person of John Dudley, Ear] of 
Warwick, who was making himself very influ- 
ential throughout England. The country turned 
egeinst the Protector; he was accused of ambi- 
tious designs dangerous to the State, and was 
executed on January 22nd, 1552. No sooner was 
Somerset executed than the country found it 
hd reason to regret him, for the new manager of 
wifairs proved to be even a more selfish and, if 
possible, a less statesmaniike ruler. Dudley's 
greet ambition was to bring his own family into 
the line of succession. He had by this time 
obtained the title of Duke of Northumberland, 
and married his fourth son, Lord Guildford 
Dudley, to Lady Jane Grey, who was the x 
daughter of Mary, younger sister of Henry vi 
and to whom, by the will of that sovercign, wie 
crown was to pass if there were no children 
of Edward or of either of his sisters, Mary and 
Elizibeth. 

The young King was now dying of consumption, 
and Northumberland induced him to consent to uw 
project for the exclusion of his sisters from the 
succession, and the nomination of Lady Jane 
Grey. He prevailed on Edward to accept this 
wrangement, and a decleration embodying its 
purpose was formally drawn up. The boy King 
died at Greenwich on July 6th, 1553. Northumber- 
lend was supposed by some to have hastened 
his death by poison, but of this there is no 
authentic evidence. Kdwerd had no opportunity 
of proving that he had any capacity for rule, 
though he seems to have possessed much of the 
talent as well as some of the vices of the Tudors, 
and he lives in history only a; & name. 
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On the death of Edward, Mary, daughter of 
Henry VIII. by his first wife, Katharine of 
Arragon, became Queen. Mary was born at 
Groenwich on February 18th, 1516. She had been 
remarkably well educated, loved reading and 
books, could read many languages, and was 
devoted to the Church of Rome. Northumberland 
had prevailed upon his half-brother and his 
Council to set snide her claims. Lady Jane Grey 
was actually proclaimed Queen in London, July 
10th, 1553, but had no support. The force of 
public opinion throughout the country was 
exerted for the maintenance of Mary’s claim, 
and she received a triumphal welcome on her 
public entrance into London. The English 
poe had become thoroughly weary of 

orthumberland and his policy, and he end 
two of his confederatcs were sentenced to death 
and executed. 

A Friend of Rome. It was not long 
before Queen Mary began to take measures 
to prepare the way for the restoration of the old 
form of faith in England. She restored to their 
Sees the Catholic Bishops who had been dispos- 
sessed, and she even went so far as to imprison 
some of the most prominent Reformers, although 
she did not as yet venture to take eny steps for 
the re-establishment of Papal supremacy. Her 
first great trouble arose out of her proposed 
marriage with Philip of Spain, only son of the 
Emperor Charles, who afterwards became, on 
the death of his father, the sovereign of Spain, 
the two Sicilics, the Netherlands, Mexico, Peru, 
and other regions. Philip became the husband 
of Mary, in spito of the protests raised against 
the marriage by the great majority of the English 
people, who regarded Spain as the enemy of 
England, and were convinced that the union of 
their Queen with the Spanish prince could mean 
nothing less than an attempt at the restoration 
of the Catholic religion. 

One of the first measures taken by the 
new Queen and her Council was the bringing 
of Lady Jane Grey to trial, her imorison- 
ment in the Tower, and her senteice to 
death. Lady Jane Grey might probably have 
heen spared if she had consented to give up the 
Protestant faith, but she scorned every proposal 
made to her, and the rebellion raised by Sir 
Thomas Wyatt against the marriage with a 
Spanish prince only served to stimulate the 
supporters of Mary to the harshest deeds. Mary 
at this time suspected her sister Elizabeth of 
complicity in Wyatt’s rebellion, and imprisoned 
her in the Tower. As no evidence could be 
found against her, however, she was released 
in a few months and sent to Woodstock in 
the care of Sir Henry Beddingficld, Lady Jane 


Grey, her husband and father were publicly 
executed in 1654, even before the marriage of 
the Queen. 

Protestant Persecution.. fier the 
marriage began the reign of persecution, which 
brought upon the Queen the odious and well- 
remembered popular name of “‘ Bloody Mary.” 
How far Mary was responsible for the cruelties 
committed in her name it is hard to sry, for she 
appears to have had at the opening of her publio 
carecr & generous and e@ loving nature; but she 
certainly made herself responsible for the out- 
rageous acts of persecution committed during her 
reign. Cardinal Pole, an Englishman by birth, 
was sent over to England as a Papa! delegate, and 
became one of Mary’s most favoured counsellors, 
and wa3 created Archbishop of Canterbury. Such 
eminent men as Latimer, Ridley, and Cranmer 
were tried for heresy, found guilty, and burnt at 
the stake. Latimer was burnt with Ridley in 
front of Balliol College on October 16th, 1555. 

It is believed that during the last three years 
of Queen Mary’s reign no less than 300 victims 
of religious persecution were put to death on the 
scaffold or at the stake. We must bear in mind 
that in those days religious persecution by ruling 
powers expressed itself in deeds unknown to the 
modern world, and that long after the reign of 
Mary there was e persecution of Catholics which 
brought its victims to the axe and to the flames. 
But even for Mary’s time such crueltics were 
extravagant, and have marked the history of 
her reign with a horror which must live for ever 
among the world’s most ghastly records. Mary, 
meanwhile, suffered from many disappointments. 
She was the victim of long illness ; she had found 
that her husband was selfish and worthless, and 
it was a bitter disappointment to her that she 
had no children to maintain the succession. 

Calais Recaptured by France. She 
dragged the country into a war against 
France to support her husband, who had suc- 
ceeded to the dominions of Spain. The people of 
England could not throw their souls into this 
war, and it had hardly begun when the French 
won a decided victory and recaptured Calais, 
which had been taken by Edward IIT. Mary 
was wounded to the heart by this calamity, for 
which she must have felt herself to he mainly 
responsible. Her health broke down com- 
pletely, and she died on November 17th, 1558. 

Before the war had gone much tarther, England 
was loft without any territory in France. ff 
Mary had lived longer, it is probable that the 
country would have risen against her disastrous 
rule. Her death at that crisis seemed to light a 
ray of hope in the hearts of the majority of her 
subjects, whose patience was almost exhausted 
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Classes of Ores and the Various Methods of Recovering 
their Metal Contents. The Physical Properties of Metals 


By A. H. 


METALLURGY originally implied a knowledge 

of the art of extracting metals from their 
ores ina sufficient degree of purity to enable them 
to be employed for industrial purposes. The 
methods employed were largely empirical, 
depending partly on chance and partly on know- 
ledge handed down often from father to son ; and 
although great skill was acquired by the work- 
man, only special ores could be treated, with 
the expenditure of enormous labour and an ex- 
cessive consumption of fuel. At the present 
time metallurgy is tending to become a true 
science. The importance of the professional 
art is diminishing each year before the applica- 
tions of science, methodically conducted by 
experts in every branch of the subject, who are 
applying the laws of chemistry, physics, and 
mechanics to metallurgical operations of all 
kinds. 

What is Metallurgy ? The term mefal- 
lurgy has now acquired a much more extended 
meaning ; it includes a knowledge of the pro- 
perties of the various metals and the modes 
of their application to manufacturing purposes. 
Tt comprises a number of physical and mechanical 
operations many of which are conducted at 
very high temperatures, so that a knowledge of 
the principles of heat and refractory materials is 
necessury. Metallurgy is essentially a chemical 
art, and an acquaintance with that important 
branch of science is necessary to its study. But 
metallurgical chemistry is a special branch of 
chemical science which does not come within 
the ordinary sphere of academic teaching of 
chemistry, and purely analytical and laboratory 
methods are often inapplicable to processes con- 
ducted on the large scale at high temperatures. 

Only a few years ago temperatures were deter- 
mined in & very uncertain manner, the tempera- 
ture of a metal being judged by the changes 
of colour perceived by the eye, and the terms 
dark red, cherry red, orange, white, yellow, ete., 
were used to express different temperatures 
Now a manager without leaving his office or 
laboratory may ascertain each moment the 
precise degree of temperature of a furnace or of 
a metal by placing in it a thermo-couple, which 
generates a current of electricity, the value of 
which is signified by a suitable recorder. 

Ores. Metals occur in nature in ores, 
which may be termed metalliferous matter. Ores 
require special preparation before they are sub- 
mitted to the smelting operation. The ore 
proper is associated with more or less extraneous 
matter, termed the matrix or gangue. 

The nature of an ore depends on the nature and 
condition of the contained metal. Iron ores 
are seldom smelted when they contain Jess than 
30 per cent. of iron. Ores of lead and zinc are 
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poor with 30 per cent., while a copper ore is 
considered very rich with 30 per cent. of the 
metal. Silver, and especially gold, ores are very 
valuable when they contain a few ounces to the 
ton. The metallic minerals are generally 
oxides, carbonates, silicates, sulphides, arsenides, 
chlorides, etc.. sometimes alone, but very fre- 
quently associated together, forming complexes. 
The gangue may consist of quartz, lime and 
magnesia, silicates, flourides, sulphates, etc., and 
these sometimes perform useful functions in the 
extraction of the metal. 

Classea of Ore. Ores may be classified 
under two chief categories—ores with earthy 
gangue and ores with metalliferous gangue; the 
latter are chiefly oxides and carbonates of iron 
and iron pyrites. Many metals occur in the 
earth as sulphides, and these are often con- 
verted into oxides and carbonates by the action 
of air and moisture, so that many sulphides are 
found with a cap of oxide or carbonate. 

Ores vary considerably in the amount of metal 
they contain and in the nature of the contained 
metals. In many cases there is only one metal 
present ; in others the ores are complex—that is, 
they contain two or more metallic compounds, 
hence it is often necessary to submit them to 
preliminary processes, such as washing, crushing, 
dressing, and roasting, in order to prepare them 
for smelting. 

Concentrating Ores. It is desirable to 
crush most ores to a more or less finely divided 
state. For rough crushing a rock-breaker is 
generally used, and for fine crushing a stamp 
battery ora pair of rolls. After crushing valuable 
minerals, it is often necessary to submit the 
material to a concentrating process, whereby 
the lighter gangue is mechanically separated 
from the heavier and more valuable metalli- 
ferous matter. Concentration is best effected 
by the agency of water, the mineral matter 
being separated by its higher speeitic gravity. 
When a mixture of light and heavy particles 
of equal size is stirred up with water and allowed 
to settle, the latter naturally sink towards the 
bottom, and the former settle towards the top. If 
such a mixture be conveyed by a stream of water, 
and the course of the stream be slightly checked, 
the heaviest. particles will subside first. By 
passing the stream through a series of receptacles 
the grains may be collected according to their 
specific gravity. By allowing a stream of water 
to flow over very finely-divided ore, spread out 
on a slightly sloping surface, which is slowly 
revolving, the lighter particles are swept away, 
leaving the heavier behind. 

- Roasting or Calcining. Ores, after having 
been suitably prepared by mechanical means, 
may be treated directly for the extraction of tho 
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metal or submitted to a preliminary operation 
termed calcining, or roasting, at a moderate tem- 

erature, in order to expel volatile matter, and, 
if necessary, to convert the metal into the form 
of oxide which is chiefly effected by the oxygen 
of the air. In some instances it is desirable to 
form a sulphide, an arsenide, or a chioride, in 
which cases sulphur, arsenic, or chlorine takes 
the place of oxygen ; such an artificial sulphide 
is termed a regulus, and the arsenide a spevse. 

In the case of sulphides the roasting may be 
conducted so as to remove the whole of the 
sulphur, when it is said to be “‘ dead-roasted,”’ or 
it may be necessary to remove only a portion of 
the sulphur. In some instances the roasting is 
performed at a moderate temperature so as to 
convert one or more of the sulphides into soluble 
sulphates. If the temperature be allowed to 
rise too high, the sulphates are decomposed, 
forming oxides. With some sulphide ores the 
roasting has to be very carefully conducted to 
prevent partial fusion and clotting. To prevent 
this, lime or some other inert substance is added 
to the charge. Clotting is very marked in ores 
containing sulphide of lead or antimony. 


Metallurgical Processes. Metallurgical 
processes may be classified under the following 
heads : 

1. LiquaTiIon. In this process an casily-fusible 
metal or compound may be separated from an 
infusible or difficultly-fusible one by taking 
advantage of the different melting points. In 
this way bismuth and sulphide of antimony are 
obtained from their ores, and argentifcrous lead 
is separated from copper 

2 DISTILLATION AND SUBLIMATION. By 
heating ores of mercury and arsenic the solid 
metals are driven off in the form of vapour and 
condensed in a liquid or solid state. 

3. REDUCTION OF OxipESs AT HIGH TEMPERA- 
TURES. Reduction of oxides is usually effected 
by heating with carbon or carbon compound, or 
other bodies having a greater affinity for oxygen 
than is possessed by the metal. 

4. REDUCTION OF SULPHIDES BY IRON. Lead 
and antimony are reduced by iron at high 
temperatures, forming sulphide of iron and 
liberating the metal. 

5. Leap METHOD or Extraction. Gold and 
silver are extracted from certain of their ores in 
virtue of their solubility in molten lead. 

6. Zinc METHOD OF Extraction. Gold and 
silver are separated from lead by means of 
molten zinc. 

7. MERcuRY oR AMALGAMATION METHOD oF 
EXTRACTION. Mercury is used cold for extracting 
gold and silver from their ores, the mercury 
being afterwards driven off by heat. 

8. Wet Metuops or Extraction. By means 
of acids and saline liquids. ores of copper, silver, 
nickel, etc., are dissolved, and the metal or a 
compound of the metal is precipitated by another 
metal or reagent. 

9. Evecrrotytio MurHops or EXTRACTING 
AND Rerinrnc. This method is employed for 
the production of aluminium, nickel, and several 
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of the rarer metals, such as calcium, chromium, 
molybdenum, etc.; also for the refining of 
copper, silver, and nickel. Iron is also now being 
extracted by electric furnace methods. 

10. By the action of highly oxidisable sub- 
stances on metallic salts, as in the precipitation 
of gold from its solution by ferrous sulphate. 

11. CRYSTALLISATION. Lead is crystallised 
out from a molten bath of argentiferous lead 
in what is known as Pattinson’s Process, and 
argentiferous zinc is removed from lead on a 
similar principle in Parkes’ process. 

Metals are extracted from their ores by dry 
or furnace processes, by wet processes, and by 
electro-chemical processes. 


Physical Properties of Metals. Metals 
are capable of existing in the gascous, liquid, 
solid, and semi-solid states, and although the 
properties vary according to the physical state, 
the difference is one of degree rather than of 
kind. A solid is a body wnich can, to some 
extent, resist a change of state, or which can, 
to a certa.n degree, sustain a vertical pressure 
without being supported laterally. Metals may 
be regarded as typical solids. A ltquid consists 
of particles which have considerable mobility, 
and may therefore be moved about among 
each other with the greatest facility. Hence 
two different metals mixed together in the 
liquid state will diffuse into each other and 
form an alloy. 

A liquid differs from a solid in being destitute 
of the power of sustaining pressure unless 
supported laterally, and its surface will be flat 
when the whole mass is at rest. A semi-solid, 
or plastic body, possesses properties intermediate 
between those of a solid and those of a liquid. 
Wrought iron at a welding temperature is a good 
illustration of the case in point. A gas is 
distinguished by the power of indefinite expan- 
sion, 80 that, however small the quantity, it 
will at once expand and fill the empty vessel, 
however large, mm which it is placed, and will 
exert a pressure against the interior surface in 
all directions. 


Liquid and Solid Metals, Liquids and 
gases are all included under the general name 
of fluids. There are many points of resemblance 
between solids and fluids which it will be 
useful to consider now. All substances are 
porous, because the particles of which they are 
composed are not absolutely in contact at 
every point, but are more or less separated by 
intervals of empty space in the interior. 

All such cavities which can be perceived, even 
with the aid of the most powerful microscope, 
may be termed sensible pores, but the different 
molecules, of which the mass of any matter is 
composed, are also separated by spaces which 
no optical instrument can enable one to detect, 
and it is probably in virtue of such spaces 
that gases can be absorbed by metals and 
possibly condensed to a liquid state. 

In a similar way may be explained the fact 
that mercury will penetrate, and even pass 
through, many metals. Thus, a bar of tin is 
easily permeated by mercury without being 


destroyed, although the mercury makes it ver 
brittle. In consequence of porosity both liquide 
and solids are sensibly compressible, but the 
latter more so than the former. 


“Flow” of Solid Metals. Solids may 
be made to flow like liquids under the influence 
of pressure, otherwise it would be impossible to 
fashion metals into various shapes by the 
mechanical processes of hammering, rolling, 
and spinning. One of the best illustrations is 
that of lead, which is made into pipes and other 
shapes by squirting, as it is called, in an apparatus 
constructed on the same principle as the syringe. 
The forging of iron may be cited as another good 
example of the flow of a solid. Even a brittle 
solid is not destitute of this property, if timo 
be allowed to enable it to flow from one point 
to another. Professor Spring has also proved 
that the particles of a metallic powder may be 
forced into a compact mass by strong com- 
pression. In this way alloys have been perfectly 
formed without the aid of heat, and possessing 
much the same properties as they would when 
formed in the usual way by fusion in » crucible. 
Tt has been shown that the ease with which 
fluids diffuse into each other is characteristic of 
the fluid state. But Professor Abel has proved 
that carbon in a plate of solid stecl can pass 
from it into a plate of solid iron if the two 
plates be tightly pressed together, even at the 
ordinary tempcrature. 

Lastly, liquids, when exposed to the atmo- 
sphere, or especially when placed in vacuo, 
gradually vaporise, and solid mercury when 
solidified by extreme cold slowly evaporates. 


Colour and Lustre. Most of the white 
light which falls upon a polished surface is 
reflected, but a small portion is absorbed, and 
this, heing decomposed, is robbed of certain of 
its constituents, and the residual rays produce 
the effect’ of colour. In some metals, such as 
“opper and gold, the absorption 1s more marked, 
hence copper is red and gold is yellow, while 
most of the other metals are white or greyish 
white. The differences of colour enable one to 
distinguish one metal from another. The 
colour of a metal is often modified by the 
presence of an impurity, and in some cases the 
nature of the impurity may be judged by the 
difference in the shade of colour. The lustre 
of a metal is independent of its colour, and de- 
pends upon the perfection of its power of re- 
flecting light. 

Tt varies with the purity and the degree of 
polish which has been imparted toit The same 
metal may have a different colour according 
to the state of division of its particles. While 
most metals are opaque, some are semi-trans- 
parent, and transmit only certain of the con- 
stituents of white light. Thus gold leaf 1s green 
when observed by transmitted light. 


Fusibility. All metals are fusible, but 
some require the very highest temperature to 
melt them. When strongly heated, metals 
pass from a brownish red to a clear red colour, 
which gradually increases in luminosity and 
transparency to a dazzling white. Itis convenient 
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to use three colours to express roughly certain 
ranges of temperature, thus : 


Incipient red 525° Centigrade. 
Qo 


Dark red. se 700 . 
Cherry red 800° es 
Orange .. .. .. 1,000° és 
White 1,200° a 


Dazzling white 1,500° ; 


The following table gives the approximate 
melting points of various metals : 
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Tin .. 232°( | Silver 960° C. 






Bismuth 268° C. | Gold 1,060° C. 
Cadmium 320° C. | Copper 1,080° C. 
Lead 326° (. | Nickel. 1,500° C. 
Zine 420° 4". | Palladium | 1,500° C. 
Antimony | 632°C. | Pure Tron | 1,600° C. 
Aluminium | 625° (. | Platinum 1,770° ©. 
Magnesium | 750°C. | Tridium .. | 2,500° C. 


Advantage is taken of the fusibility of a metal 
to produce castings from a given pattern and to 
join metal parts together by soldering. Metals 
with high fusing points, such as iron, are used 
for fire-bars, melting-pots, and similar purposes 
[see also article beginning on page 2862). 

Crystallisation of Metals. On solidifi- 
cation after melting, metals usually crystallise. 
Crystallisation also occurs when metals are 
condensed, from a state of vapour, or deposited 
from solutions hy means of electricity. This 
crystallisation of metals is of great importance, 
as the formation of crystals in metals due to 
continued vibration, intense cold, sudden altera- 
tions of temperature, or the presence of im- 
purities may render a metal absolutely useless. 
Crystallisation may serve to indicate the quality 
of a metal, as in the case of foundry pig iron ; 
to indicate the presence of impuriticas, as im 
the case of antimony in lead; or to separate 
metals on the large scale, as in the Pattinson 
process of desilverising lead. 

Density or Specific Gravity. The 
density of a metal depends on the closeness of 
contact between the molecules. It is influenced 
by the crystalline structure, temperature of 
casting, rate of cooling, mechanical treatment, 
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and the purity of the metal. The density of s 
metal is increased by wire-drawing, hammering, 
rolling, or other compressive force, which closes 
the pores. With the exception of bismuth, all 
metals are denser in the solid than in the liquid 
state. The densities of the metals are as 


follows : 
Platinum .. 21°5 Copper 8°82 
Gold . 19°32 Cadmium .. 8:60 
Mercury . 13°59 Iron 7°86 
Palladium .. 11°20 Tin .. 7:29 
Lead . 11:37 Zinc 7:15 
Silver . 10°53 Antimony .. 6°71 
Bismuth 9:80 Aluminium 2°56 
Nickel 8°80 Magnesium 1°74 


The specific gravity of gold, being very high, 
renders it very suitable for coinage. On the 
other hand, the much lower relative weight of 
iron is an advantage in building, and aluminium, 
owing to its strength and lightness, is useful for 
many purposes where lightness is desirable. 

Toughness. This is the property of 
resisting fracture by bending, twisting, or 
similar means, after the limit of elasticity has 
been passed. This is well exhibited in the case 
of copper and lead. 

Malleability. When a body can be 
permanently flattened under a hammer or 
between rolls without cracking, it is said to be 
malleable. If it break, it is termed Orittle. 
Malleability depends on tenacity and softness. 
During the working of metals, the particles are 
forced into unnatural positions, but by heating 
the mass strongly, and allowing it to cool 
slowly, they are brought back to their normal 
state. This is termed annealing. Gold is the 
most malloable of metals, combining the two 
properties of softness and tenacity in the highcst 
degree. Some metals are malleable when hot, 
but not when cold ; they are then termed cold- 
short, Other metals are just the reverse, and 
are then termed hot-short. Ordinary zinc is 
malleable only at 100° to 150° C. The order of 
metals for malleability is as follows: gold, 
silver, copper, tin, platinum, lead, zinc, iron, and 
nickel. 

Ductility. When a metal can be drawn 
into wire, or lengthened by a tensile force com- 
bined with lateral pressure, without breaking, 
it is said to be ductile. The case with which it 
can be reduced will depend on its softness, but 
the thinness to which it may be drawn will 
depend on its tenacity, which property has more 
influence on the ductility of metals than on 
their malleability. The rate at which the 
traction is applied also exerts considerable 
influence on the ductility. The following metals 
are arranged in the order of their ductility: 
gold, silver, platinum, iron, nickel, copper, zinc, 
tin. and lead. 

Tenacity. This is the property of metals 
by which they resist, in varying degrees, the 
separation of their molecules by the action of a 
tensile stress. It not only varies with each metal, 
but also with the physical condition of the metal. 
It is generally diminished by a rise in tempera- 
ture, while the reverse is often the case with 
regard to malleability and ductility. Some 
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metals have a low tenacity, and are then often 
brittle. The tenacity or tensile strength is 
determined on a straight bar, held firmly at one 
end, and a gradually increasing weight applied 
at the other end until it breaks. Tne strength 
is usually expressed as the number of tons or 
pounds required to produce the rupture of a one- 
inch-square bar. 

Elasticity. This is the property in virtue 
of which a body returns to its original bulk after 
its shape has been altered by external pressure. 
Any body which is thus capable of recovering 
its shape is said to be a perfectly elastic body. 
When a bar of metal is submitted to a tensile 
stress, it increases in length proportional to the 
weight applied. When a certain limit is reached, 
the stretching or strain increases more rapidly 
than the load, and then the bar will be per- 
manently stretched. The point at which the 
stress and strain ceases to be proportional is 
termed the limit of elasticity of the metal. 
The elastic limit, breaking stress, and elongation, 
are of prime importance. In designing struc- 
tures it is more important to know how much 
weight a metal will sustain without permanent 
distortion than to know its breaking stress, in 
order that the greatest load may be applied well 
within the elastic limit of the material. 

Testing Metal Strengths. Tue above 
characteristics are determined by means of a 
tensile testing machine. This machine is made 
with two pairs of jaws in which the test piece is 
held, one pair being generally connected with 
the ram of a hydraulic cylinder and the other 
end with a jJever carrying a weight, by which the 
tensile stress exerted by the ram is measured. 
Some machines have the jaw and test pieces so 
arranged that a pull is produced in a vertical 
plane, while in others the jaws are arranged 
so as to work horizontally. Sometimes it is 
advisable to obtain the stress within the limit 
of elasticity. This is determined by an arrange- 
ment similar to the following. A single lever 





1. HYDRAULIC APPARATUS FOR TESTING 
METAL STRENGTH 


carries a poise which measures the load, while 
the pressure is applied by means of a hydraulic 
ram [1]. The ratio of BC to BD is 50 to 1. 
The poise is one ton, and when it is at D, it 
balances 50 tons at C. E is a revolving drum 
which is actuated by the wire attached by 
clips to the specimen which is being elongated. 
The pencil, which is actuated by pressure in the 
hydraulic press, has an axial motion proportional 


to the stress; a stress-strain diagram is thus 
obtained. Some materials, such as cast iron, 
are tested for their transverse strengths. The 
standard test piece for cast iron is 3 ft. 6 in. long, 
2 in. deep, and 1 in. wide, thus allowing for a 
distance of 3 ft. between the supports. [See 
also article beginning on page 1391.] 

Welding. When two picces of metal are 
joined together by pressure to form one con- 
pact piece, they are said to be welded. It is 
necossary that the metals should be soft, with 
clean surfaces, and that they should possess 
considerable malleability and toughness. The 
requisite conditions for welding iron are obtained 
only at a high temperature with the metal in 
a plastic state. The motion of the molecules at 
a high temperature is raised to such a degree that 
they are capable of penetrating into each other. 
Steel requires to be welded at a much lower 
temperature than iron because of its lower melt- 
ing point, and bocause the carbon is liable to burn 
off if the heat be too intense. Soft metals hke 
lead can be welded at the ordinary temperature. 

Forging. When a metal is capable of 
being hammered out into various shapes, the 
operation is termed forging. This property is 
the same as malleability, but has a more limited 
meaning. Forging is an illustration of the solid 
flow of metals. (See also article beginning on 
page 2983. ] 

Soldering. This term is applied to the 
operation of joining two surfaces of a metal or 
metals together by heat. In what is termed 
“lead burning,” as used by plumbers, two pieces 
of lead are fused together at the edges by means 
of the oxy-hydrogen blowpipe, as in some cases 
the introduction of solder would not be admis- 
sible. This is the case with the sheet-lead lining 
of acid chambers. Solders are divided into two 
classes—hard, or fusing with difficulty, and soft, 
or casily fumble. When a red heat 1s required 
to melt the solder the operation is termed 
brazing. Brass solder belongs to this class. The 
solder must in all cases have a lower melting 
point than the metal to be soldered. 

Hardness. Hardness or resistance to abra- 
sion or cutting is gencrally increased by the 
presence of impurities in a metal, so that softness 
in many cascs is a test of purity. The softness 
increases with an increase of temperature 
Manganese, nickel, and cobalt are the hardest, 
and lead one of the softest of metals. Hardness 
depends on the degree of attraction of the mole- 
cules for each other. 

Brittleneas. When a metal readily breaks 
into fragments by the occurrence of a sudden 
shock, or if a metal be unable to resist fracture 
when subjected to a compressive force, as in 
rolling, it is termed brittle. Brittleness is not 
hardness, as sealing wax, for example, is brittle 
but not hard. A substance is brittle when it 
does not elongate under pressure. If a meta] be 
crystalline and the cohesion between the crystals 
be feeble, then the metal is brittle. 

Sonorousness. This property is possessed 
by the harder metals, and is very marked in 
certain alloys, such as those of copper and tin. 


METALS 


Impurities often increase the sonorousness of a 
metal, as in the case of antimony in lead. 

Conductivity. This is the property differ- 
ent metals possess of transmitting heat and 
electricity. The conducting power of metals for 
heat is as follows : 


Silver 1,000 Tin. . 152 
Copper 736 | Tron 119 
Gold .. 552 Lead .. 8&5 
Magnesium .. 343 Platinum .. 8&4 
Aluminium .. 313 Antimony... 40 
Zine .. 281 | Bismuth .. 18 
Cadmium 201 1: Mercury .. 13 


In electrical language the resistance of a metal 
to the flow of an electric current is more often 
used than the conductivity, the latter property 
varying inversely as the resistance. The resist- 
ance of metals is increased by a rise of tempera- 
ture and diminished by a fall of temperature. 
The tollowing table gives the conductivity for 
electricity of the metals in a pure state: 


Silver 1,000 Iron 164 
(‘opper 900 Tin.. . 152 
Gold .. 806 Lead .. 8&8 
Aluminium .. 55] Nickel . 79 
Zine .. 302 Antimony 42 
Platinum 167 Mercury .. 25 
Palladium 164 Bismuth .. 12 
Structure. The fractured surface of a 


metal or alloy often affords a general guide to 
its propertics and adaptability to various uses. 
It is best obtained by nicking a bar with a chisel, 
gripping it in a vice, and striking it with a ham- 
mer. In this way cither the brittleness or the 
toughness is shown by the angle through which 
it bends and the force required to break it. When 
broken, any great want of homogeneity is shown 
by the irregular appearance of the fracture. The 
bar is said to be crystalline when it is made up 
of visible crystals. 

When the crystals are so small that they can- 
not be seen by the unaided eye the fracture is 
said to be granular; occasionally the grains are 
so minute that they present merely a silk-like 
sheen, as in hardened steel and wrought copper, 
when it is termed a silky fracture. Wrought tron, 
when broken, shows a fibrous fracture, due to 
threads of enclosed slag. Usually a coarsely 
crystalline or granular fracture in a motal 
indicates less satisfactory working properties 
than one of the same class in which the fracture 
is finer ; and a fibrous metal is likely to be tough 
because the presence of the fibre is an indication 
that the metal was malleable enough to be rolled. 
The size of the grain is often largely dependent 
upon the temperature at which a metal was 
cast and upon the subsequent mechanical and 
thermal! treatment that it has received. 

A motal whieh has been poured into a mould 
at a temperature fur above its melting point is 
generally coarser than one poured at a Jower 
temperature. Rapid cooling also tends to produce 
a fine grain. Hammering a metal produces a 
finer grain, and overheating produces a coarser 
grain. Very hard and brittle metals often break 
with a glass-like, lustrous, and curved structure, 
termed conchoidal fracture. 


Continued 
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THE PRIVATE SOLDIER 


The Various Branches of the 


By C. DUNCAN CROSS 


As & moans to amassing a fortune the Army 
is not to be recommended. The pur- 
pose of the Szir-Epucator, however, is not 
to teach merely how to make money; it is 
to direct its readers toward the walk of life 
which affords a livelihood and at the same time 
offers an occupation which agrees with their 
tastes. That the Army, for itself, is an allure- 
ment to many a young man will not be denied ; 
and though to-day it is less true than in former 
times that every drummer-boy carries in his 
knapsack the baton of a field-marshal, it will 
be our business to show how a young man of 
spirit can earn a livelihood with honour to 
himself and with benefit to his country. 


Physical Standards. Any young man 
of good character and of good health may 
offer himself as a candidate for the Army. 
The standards of height and chest measurement 
vary with each arm of the Service. Of the 
most important branches they are as follow, 
though the figures are liable to alteration accord- 
ing to the supply of and demand for recruits. 


Arm of Service. L. ight. 


ft. in. ft. in. 
51l1—6 1 
4—6 7 
6—5 8 


7—6 10 
7—6 10 
Sand up- 
wards 

4—6h 7 
$--5 7 


Houschold Cavalry .. 


Cavalry of the Line: Under20 | 5 
”” ” Over 20 h 


A. oe oe ee 5 
RMA 2. 6. oe | 


Drivers, RIL A. 
K. 


ARTILLERY CAVALRY 


4and up- 
wards 
Sappers and Pontoniers  .. 4 i. 
Boatmen .. 0... we ne oe a % 
Shoemakers, Tailors, Brick- 

layers 2) wth Mee. “aes 
DYIVOTH: 3a. ore cee abe he 
Telegraph, and Railway Re- 

BOPVOS © ox ea BS Res ee 


: R. G. -5 aah pla: « Hteis 
Artilicers and Tailors .. 


5 99 
6—5 7 


5and up- 
wards 
Foot Guards: Under 20 
i Over 20... 

Line .. ie, 
Army Service Corps 

“3 Drivers... 
Royal Army Medical Corps. . 


2 
i 
ey 
4 
Ss 
%, 
fel 
be 
F 
Z 
% 


8 and up- 
wards 
Army Ordnance Corps: 
Armourers and Machinists 4and up- 
wards 
38—5 5 
4and up- 
wards 


Others... .. .. 
Post Office Corps .. 


Chest measurement is also taken into con- 
sideration. The body must be well nourished, 
and, above all, there must be a range of expan- 
sion between the chest contracted and expanded 
of not less than two inches. 

Weight has something to do with the matter 
nowadays, particularly in the cavalry. The 
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Army no longer requires heavy men, who 
make a good show but tire out their mounts. 
So, except in the case of the Household Cavalry, 
a heavy man is not accepted. Therefore, if a 
man scales over 150 Ib. he had better turn his 
mind to some other branch of the Service. The 
same is true of the artillery. Big, strong men 
are required for gunners, but small men for 
drivers. 


Skilled Tradeamen. In the Army, as 
in the Navy, there are openings for skilled 
tradesmen who desire to combine their skill 
with the pursuit of an adventurous calling. 

In the cavalry and artillery, men who have 
any knowledge of horses are always welcomed ; 
and a man who is willing to apply himself may 
hope for a ridingmastership, which carries with 
it an honorary lieutenancy. In the Royal 
Engineers there are openings for any trade 
which is needed by an army in the field. In the 
Army Service Corps are to be found men con- 
versant with trades which are useful for the 
supply of an army in the field. The Arm 
Ordnance Corps calls for many men of miscel- 
laneous trades which have to do with the repair 
and upkeep of military works and_ stores. 
Lastly, for men with a certain professional 
leaning there is the Royal Army Medical 
Corps, in which an able man may always 
make his way. 

For those who have no particular trade but 
a liking for soldiering, there is the infantry. 
The pay is not so high as in the more skilled 
branches of the Service, but, on the other hand, 
the work is less arduous. 

In any case, let us impress upon the intending 
recruit one thing. The Army is a good master 
but a bad servant. That is to say, that the 
man who joins the Army as he would join a 
business, intending to make it his livelihood, 
allowing nothing to deter him from success, 
will find the Army a good place to Jive in. On 
the other hand, the man who joins the Army 
for want of something better, who shirks his 
work, and who means to get out of it as soon 
as possible, will find himself at the end of his 
short service little better off than when he 
started. So we would say, having made up 
your mind to be a soldier, join young, and 
make the Army your home. With close attention 
to business you will soon reach.a responsible 
position, and will retire on a handsome pension, 
with a good prospect of civil employment in 
addition. With luck you may live to wear the 
sword of an officer. 

Promotion. It will be evident that no fixed 
dates can be laid down in which a man may 
expect promotion to a certain rank, the varying 


conditions of service, and the element of luck 
which enters into the calculations, preventing 
such an attempt. A few general remarks as 
to possibilities may, however, be ventured. 
In a Line regiment of infantry a smart man 
with fair education may expect to gain his 
first step in from six months to a year from the 
time he becomes a private. His second step, 
with the corporal’s stripes, may be hoped for 
in another six months or a year. As corporal 
he will have to serve another three or four 
years before he gains his sergeant’s stripes ; 
and beyond that probably another two years 
or more before reaching the rank of colour- 
sergeant. In the Foot Guards and the Housc- 
hold Cavalry, where a higher standard of 
efficiency and smartness is demanded than in 
the Line, this time may be considerably ox- 
tended. In the skilled branches of the Army 
—the Engineers, the Army Service Corps, tho 
Ordnance Corps, or the Royal Army Medical 
Corps, where the proportion of non-commissioned 
officers to men is greater, and individual] re- 
sponsibility has to be accepted to a greater 
extent, the prospect of promotion is very good 
to the skilled man; and there are many open- 
ings as storokeeper, foreman of works, and 
so forth, with good pay and comforts to those 
on the watch for them. 

A Commission. The hope is sometimes 
held out to intending recruits that they may 
work their way to a commission. In time 
of war a man may be, and often is, pro- 
moted to a commission for gallant conduct 
or special service in the field. In peace time, 
however, it is extremely rare for a man to 
be promoted from the ranks unless he has 
a first-class education, backed by a_ certain 
amount of money and influence. The most 
that a young man should expect, therefore, 
is to reach warrant rank and, perhaps, an 
honorary lieutenancy; but, on the other 
hand, he should always be ready to grasp a 
chance which will lift him beyond, for it is 
true in the Army, as elsewhere, that the best 
men are bound to come to the front, and that 
the so-called lucky man is mercly the man who 
has prepared for the opportunity and has 
grasped it when it has arrived. 

With these general observations we will pass 
directly to the conditions of the Service and the 
method of entering it. 

How to Join the Army. Facilitics 
for joining the Army lie around on every side. 
To begin with, thero are the main recruiting 
stations in London, the head office near Charing 
Cross, and the other branch offices. In the 
country and the provincial towns a man can 
be enlisted at every barracks of Regulars or 
Militia, and every sergeant-instructor of Volun- 
teers is ex-officio a recruiting agent, who will 
be pleased to give information, advice, and 
assistance to a young man who desires it. Last 
of all, and this is not so generally known, every 
soldier serving in his Majesty’s Army is a 
recruiter’ who will take charge of the young 
man, will convey him to the nearest point 
where he may join, and will draw tho sum 
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offered by the Government to its agents for 
the body of a recruit. Certain regiments— 
the Guards, for example—have special recruiting’ 
stations and special methods of attracting 
recruits; but a man can present himself at 
any of the before-mentioned stations, and, if 
he come up to the Guards’ standard, he will be 
drafted there. 

Choice in the Service. The choico of 
the arm of the Service to which he will belong 
will be a matter of anxious consideration to the 
recruit. To the average man the more showy 
branches of the Service will appeal most—the 
cavalry or the artillery; but unless he has 
some acquaintance with horses these are not 
altogethor to be recommended, and it should 
never bo forgotten that when the day’s work is 
done the horse or the gun has to be cleaned up, 
whereas the infantryman has only himself to 
look after. A man is allowed to choose which 
arm of the Service he prefers, but unless he has 
some special connection with a regimont he 
must accept any regiment to which he may 
be drafted as the good of the Service demands. 

The periods of service vary according to tho 
arm of Service, as is shown in this table: 


With Colours In Reserve 


Years, 


Household Cavalry ..  .. 

Cavalry of the Line... 
1 Horse and Field 
tiller , ‘ 


y : re 

Royal Garrison Artillery .. 
” ” » Artificers 

Royal Engineers, Drivers .. 


~ 
co mocococoanrn ap 


*» ” » Sapper. .. 
6 a Mily. Mechanists 
Foot Guards a re 
‘ - Bandsmen 
Infantry of the Line .. 
Army Service Corps: 
Drivers se 
Others ae ee 
Royal Army Medica! Corps 
Army Ordnane Corps at 
Machinery Artificers and 
Armourers tee’ as 


eed 


° 
Cae NANSKK&heDe ws 


Poot 
ts 


The Recruit. At the recruiting station 
the young man is measured, is put through a 
severe medical examination, which embraccs 
physical condition, eyes, and teeth, and, should 
all be satisfactory, he swears the oath of allegiance 
required by his King, and is drafted cither to the 
depot, or in some cases to his own regiment. 

Army Pay. The question of pay is com- 
plicated by the fact that regimental pay varivs 
in the different arms of the Service. A _ table 
showing the pay of the principal branches of 
the Army is given on the following page. 

In addition to this it must be remembered 
that all these men have allowances and additional 
pay. The infantryman, for instance, drawing 
ls. a day regimental pay, draws an extra 2d. 
per day for up-keep of kit, and 3d. a day for 
messing, after six months’ service. After two 
years (if he has extended his service) he draws 
an extra 3d. or 6d. a day, as proficiency pay, 
according as he is classed 1. or [1. 

The deductions are 3d. a day for extra messing 
and the cost of his washing—say in all 2s. 6d. 
per week—as an outside figure for the cao A 
man. The deductions in other corps—the 
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DAILY REGIMENTAL PAY OF WARRANT OFFICERS, N.C.0.°8, AND MEN 


CAVALRY. | 
Rac i a - 
Household; Line oyal 
Cavalry. | Oavalry Heer Ar- 
praeaeie (Ras tillery 
8. d. Be d. 8. d. 
Regimental eecmealt, fauik 

poral) Major _ 5 10 5 4 6 0 
Bandmaster . & 6 5 6 6 0 
Qr. -master-Sgt. (Corp. “Major) 

Battery Sergt.-Major.. 7 4 6 4 4 4 4 
Sergeant (Corporal) Maj. 

structor 8 3 38 3 we 
Baquad. Sergt. -Maj. (Corp. ~Maj.) 4 6 4 4 aa 
Company Sergt.~Major —_ -- —_ 
Farrier Quartermaster-Sergt. 

(Corp.) 4 8 4 0 4 5 
Wheeler uartermaster-Serat. _— —_ 3 11 
Collar-Maker and _ Saddler 

Q.M.-Sergt. (Corp 40 | 83 8 3 11 
Sergt. at a rumpeter, 

Sergt. Bugler... 8 2 2 8 3 4 
Sergeant (Corporal of Horse) 3 0 2 8 3 4 
Sergt. (Corp.) Farricr and Car- 

riage Smith. : 3 4 2 10 3 9 
Kettle Drummer, Sergt. Drmr. 2 4 1 9 = 

Yol.-Sergt., Corporal Artificer — _ <= 
Corporal] . ‘ 2 8 2 0 2 8 
Bombardier, Second Corporal — — 2 5 
Collar-Maker, Wheeler, NSad- 

dier, Artificer .. 2 4} 1 9} 2 8 
Shoeing and Carriage Smith, . 2 8 1 8 2 2 
Trumpeter, Bugler, Drummer, 

and Fifer .. 1 11 1 4 2 0 
Gunner, Sapper, Private, 0 on 

Enlistment . 1 9 | 1 2 1 4 
Driver —_ _— 1 3 
Boys (all arms) 0 8 0 8 0 8 





Household Cavalry particularly—are heavier. 
On the other hand, deductions from one cause 
or another should never exceed 3s. 6d. per weck 
in any corps, 80 thac we must revise our figures 
somewhat. A private, after two years’ service, 
would receive, according to his class: 


WEEKLY PAY -WITH ADDITIONS—OF A PRIVATE SOLDIER 


CAVALRY ARLILIENYS 


Line RHA 


Houate hold | 


ae aa res 


s. da 
14 O 


to 
15 9 


Soldiers enlisted as Boys draw proficiency pay on attaining the age of 20. 


In addition to these rates, men of certain 
corps draw extra duty pay, working pay, 
engineer pay, and corps pay, at rates varying 
between 3d. and 2s. per day, according to their 
qualifications. When we consider that this is 
in addition to free board and lodging, it will be 
admitted that for a steady man the Army is 
not so badly paid as many trades outside. 

Duties and Discipline. At first the 
work is very dull to the recruit, who is harassed, 
too, by the numberless restrictions of a discipline 
which is new to him. All the time, however, he 
is under constant surveillance. If he proves 
himself a ik at drill, respectful to his superiors, 
clean and sober, he will gain the confidence of 
his officers and the respect of his fellows. In 
from four to six months this phase of his 
































ARTILLERY. med INFANTRY, | _ 
jg te a pas 
Royal Foot! rmy 
grt om pia) oh aes ! ating 
8 d. a. d. 8. d. 8. d. | 8. d. s. d. 
5 10 5 10 6 0 5 2 5 0 5 6 
6 0 6 0]6 0! 60 | 5 0 aan 
4 2 4 2 4 6 4 0 40 3 0 
4 0 4 0 oe $8 3 | 8 8 ; = 
= 4 0 3 9 —- | — 4 8 
4 8 _ aul! | _ 4 3 
3 9 ia as ae i 43 
3 9 he _ ds = 4 3 
3 2 3 2 4 6 2 6 2 ees 
3 2 3 2 3 38 2 6 2 4 2 7 
3 7 = 8 3 ees a ees 
= a fe 2 6 2 4 ae 
a =e 2 6 3 8 3 6 2 6 
2 6 2 6 2 6 1 90 1 8 2 0 
» 3 {1/238 | 2 2 as | 1 9 
| 2 6 2 6 Bac yen : me 
2» 0 2 0 2 0 3 .2 | 1 2 
1 2; 1 Oe] 2 ae] 4a 2 11 1 
1 24 1 23/1 1/11 10 1 2 
1 2 1 24] 1 14 = ess 1 2 
( ag 0 8 0 8 0 8 0 8 0 8 


instruction will have ended, and if at a depot 
he will be drafted to his regiment; or if with 
his regiment, will find himself on an equal 
footing with the trained men. 

It is now that the young soldier should settle 
on a career. Ho can elect to be an officer’s 
servant, in which case 
his military duties 
will be considerably 
lightened, and he will 
receive an addition to 
his pay from his 
master. On the other 
hand, this leads no- 
where, and is hardly 
a career for an ambi- 
tious young man. 

Another avenue is to become a clerk in the 
orderly room; but this, though it involves 
certain advantages and relief from duty, is an 
indoor life, and will probably fail to satisfy the 
eal for glory which every soldier should 

ave, 

Now, we shall suppose that our private decides 
to fight his way through the ranks as a plain 
soldier. His good behaviour as a recruit has 
merited approval already, and a continuance 
cannot fail to attract the notice of his colour- 
sergeant. Of all virtues that appeal to a soldier 
the one most sought is smartness on parade. 
This, combined with readiness in thought and 
action, the strictest. sobriety and civility, will 
bring its own reward in due course when the 
private is recommended for his first step. 


IND ANIRY 


Gis Line 


s. d. 8. d. 
12 3 11 8 


to 
14 0 
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WOOD JOINTS AND FASTENINGS | sumpne 


Screwed and Nailed Joints. Glued Joints. Butt, i 
Dowelled, and Tongued Joints. Fitting, Securing, and Subsequent Treatment continued trom 
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By WILLIAM J. HORNER 


‘THE jointing and fastening of a number of 

pieces together is necessary in practically all 
woodwork, and it is chiefly in the knowledge of 
how to do this efficiently that the woodworker's 
art consists. The fitting of separate pieces is 
often more necessary in timber constructions than 
it is in those of metal, which material, being 
destitute of “ grain,” is practically as strong in 
one direction as another. Neither is it liable to 
shrink and warp as wood docs, and it is often as 
strong or stronger when in one solid piece than 
if built up of a number of parts. Wood is really 
strong only in the direction of its fibres—that 
is, it will stand a great deal of tension, com- 
pression, bending, or shearing stress across its 
grain—but is very weak indecd if subjected to 
stress in linc with the fibres. It is necessary, 
therefore, to strengthen it in its weakest direc- 
tion by connecting it ¢o pieces with their grain 
at right angles to it, or by metal attachments 
in the form of bolts or straps In the case 
of pieces of wood of considerable width. this 
stiffening across the grain is necersary even if 
it is to be sulsiected to no actual stress of 
any kind, because, if it is not so stiffened, it 
will warp. 

Joints in Woodwork. Joints in wood- 
work, if properly made, are not an clement of 
weakness, but in most cases quite the contrary. 
The chief objection to joints, in fact, is the 
trouble of making them Across the grain, the 
greater the number of pieces used in making up 
a given width the less trouble is hkely to arise 
subsequently from shrinkage or cracking. End 
grain joints can always be made if necessary, 
and he as strong as the solid wood; but 
except for very great lengths, it is simpler and 
better to have the wood im one piece without 
joints. Accurate fitting is essential in all joints, 
not only for appearance, which in many cases 
might be said doit but primarily for strength. 

There is much variety in the forms of joints that 
can be employed even under almost any given 
circumstances, but there is usually only one 
form that is the best possible for each particular 
case. The nature and direction of the strains to 
which the two or more members will be subjected 
have to be considered in deciding on the most 
suitable form, and also the amount of work in 
making it, and the desirability or otherwise of 
permanence and good appearance. 

Joints with Screws. Both screws and 
nails are very commonly employed in all wood- 
work, sometimes in conjunction with glue, but 
more frequently alone. In most cases they are 
more reliable than glue ; and another reason why 
they are often preferred is that there is then no 
waiting for glue to dry. Screws sre superior to 


nails in holding power, but the chief considera- 
tion which favours their use is that they can 
easily be withdrawn if necessary without injury 
to the work, and they can also be inserted with- 
out the jar to delicate work that nail driving 
involves. Nails, however, are often quite as 
satisfactory from these points of view, and have 
the advantages of being more quickly inserted 
and cheaper. 

Screw Holes. Fig. 118 shows in section a 
screw in place holding an upper piece of wood to 
alower. The hole for the screw is bored entirely 
through the upper piece, and is of a diameter 
that permits the screw to slip easily into it up 
to the head. In neat work the bevelled enlarge- 
ment for the head is countersunk with a suitable 
bit, but in many cases, especially if the wood 
is soft, the screw is merely tightened down into 
the bored hole until the head 18 flush, or shghtly 
below the surface. The objection to forcing 1t 
without countersinking is that it slightly twists 
and compresses the grain around the head. 
If it be desirable to sink it to a considerable 
depth, a centre-bit hole is bored for the head 
to sink into [119], and generally this hole is 
plugged after the screw is home. Often screws 
are sunk in this way solely to conceal the 
head by plugging. the grain of the plug running 
the same way as thit of the wood into which the 
screw is inserted; but occasionally it is done 
because the stuff 1s very thick and it is desired 
to use a comparatively short screw. 

The hole in the lower piece of wood is always 
bored smaller than the threaded portion of the 
screw, and shorter than the distance to which 
the point will penetrate. Its precise relation 
to the size of the screw depends on the character 
of the wood, a larger hole being required in hard 
wood thun in soft wood. The ability of the wood 
to resist the splitting action of the screw must 
be considered also, a small, short-grained, narrow 
piece being much weaker than a long piece of 
large area. In the latter case, in fact, if the 
wood be soft and the screw not large, it is not 
necessary to bore a hole at all in the under piece 
of wood, but merely to give the screw a tap with 
the hammer to start it, und run it in with the 
screwdriver. To ensure a close joint, a chisel 
should be passed over the holes in the joint, 
to remove any splinters. 

When screws are inserted in this way, the 
upper piece of wood is held by the bevelled head, 
and the lower by the threaded portion of the 
screw. If the body of the screw be a tight fit 
in the upper piece of wood, there is difficulty in 
drawing the joint together as the screw is being 
tightened. Grease may be used with advantage 
on both screws and nails to ‘assist them in 
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penetrating, and it also makes their withdrawal 
casier at any subsequent period. 

When a numberof screws have to be inserted, 
and the left hand is not required for holding 
the work, the most expeditious method is to use 
a screwdriver bit in a ratchet brace, making 
continuous turns with the brace until the screw 
is nearly home and getting tight, and then using 
the ratchet movement in short turns to give 

ower. If much force be applied, through not 
having the hole bored large enough, it is not 
unusual for a screw to break in hard wood, either 
at its head,or to twist off near the top of the 
threaded portion. If one half of the head breaks 
off, it may be twisted back with pincers or pliers. 
If the entire head is off it is best to slip the wood 
off it if possible, and withdraw it from the joint; 
or if it be broken at the joint, this method may 
be adopted. If it be necessary to go below 
cither surface to get at it, the wood must be cut 
or punched away until a grip on it can be 
obtained. If this be objectionable, it is best to 
leave it cmbedded, and insert another near it. 
Very tight screws can often be loosened for with- 
drawal by a few blows delivered by a mallet on 
the end pf the screwdriver. This also may be 
carried far enough to make the screwdriver cut 
and penetrate deeper into the head, and so 
obtain a better hold. Care should be taken not 
to let the screwdriver slip and damage the head 
when trying to turn it, because the more a head 
becomes worn the Jess chance there is of being 
able to turn the screw. 

Joints with Nails. Nails are simply 
driven in with a hammer, and holes are bored 
for them only when there is a risk of their 
splitting the wood. They are withdrawn with 
pincers, or the claw of a claw hammer [120], but 
in cither case it is necessary to have the head 
standing a little above the surface of the wood 
to obtain a hold on it. This, however, is gencr- 
ally the case when a nail has to be withdrawn, 
because if it bends or goes out of the direction 
required, the person who is driving it sees before 
it is completely home that it will have to come 
out again. When nailed work has to be taken 
apart, the nails are not usually withdrawn first, 
though there are patent appliances for with- 
drawing them, but the wood is prised or knocked 
apart, and the nails removed after if required. 

Neither screws nor nails hold so well in end 
grain as in side or ‘“ plank way” of the grain, 
and consequently they are generally put closer 
together, and often driven at angles, as in 121, or 
a greater length is selected than would be used 
in side grain. The spacing is decided by the 
nature and size of the work and the strength 
required. When inserted in a line in side grain 
at short spaces apart, the number of holes or 
breaks in the continuity of the grain weaken 
the wood considerably, and render it very liable 
to split along the line of nails. If there be not 
more than an inch or so of width in which to 
drive them, as in the edge of a box, this cannot 
be avoided, but in a piece as wide, for instance, 
as the battens shown in 122, a double line would 
be inserted rather than one line down the middle, 
the spacing ofeach line being about doubled, 
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and the screws or nails staggered, chequered, 
or placed zig-zag. This throws them out of line 
in the under piece of wood also, and, moreover, 
one line of nails or screws down the middle of a 
wide batten would nullify the advantage of width 
in the batten, rendering it of no more value than 
a batten just wide enough to take the screws 
without splitting. Another undesirable feature 
would be the tendency of the edges of the batten 
to cur] up from the surface unless held down by 
nails near the edges. 

The Butt Joint. The simplest form of 
joint possible is a butt, in which two flat sur- 
faces are brought together and are held by glue, 
nails, screws, bolts, battens, fish-plates, or other 
means ; or are not actually connected, but merely 
abut together, and are held in that position by 
being fastened separately to sume other part of 
the structure, as, for instance, when flooring 
boards are laid side by side and nailed to the 
joists upon which they rest. This is the form of 
joint usually employed when glue is used to 
unite pieces of wood side by side in building up 
cither a greater width or greater thickness. If 
the joint be well fitted and properly glued, it is 
practically as strong as the solid wood, but it is 
suitable only for the side or plank way of the 
grain. On end grain, glue is almost useless, 
and, owing to shrinkage and swelling of the wood 
across grain, glue cannot be used for uniting 
pieces crosswise. 

As a close fit everywhere is essential in a glued 
joint, the simplest way of obtaining this is to 
plane both surfaces absolutely true. In small 
joints it is a very simple matter to plane them to 
a fit ; in larger ones considerable skill is required ; 
and in the case of very large surfaces, where the 
material is so large, or comparatively thin, as to 
be pliant, an absolutely true surface is not so 
necessary, but the joint is brought close every- 
where by clamping. In the making of long edge 
joints also, the surfaces may purposely be planed 
either very slightly hollow, or rounding Jength- 
wise, preferably the former, so that they will 
need clamping only at the open part, and when 
this has heen squeezed together the other parts 
will have bound themselves tightly. If left 
clamped in this way for abort a day, until the 
glue is thoroughly hard, the clamps may then 
be taken off without fear of the joint opening 
again. Glued joints, except the very smallest, 
should always be clamped, or otlerwise pressed 
tightly together until the glue is set. 

Fitting Glue Joints. In making long 
edge joints of the character shown in 128, the 
two pieces of wood arc generally held side 
by side in the vice and planed together. 
This makes it easier to get the edges square 
with the faces, or if there be a slight in- 
clination to one side, they will counteract each 
other when the joint is fitted together. The try 
square is used to see that the edges are approxi- 
mately square, but the final fitting is done by 
trying the two pieces together and examining the 
joint. If open places be visible anywhere, the 
close parts must have shavings removed from 
them until there is close contact everywhere, 
the exception, of course, being when the joint 
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is purposely being made open at the middle or 
snide to be closed in clamping; but this can be 
done only in large joints. If the pieces fitted 
together be very wide, as in 128, it will be im- 

rtant that they shall be as nearly as possible 
in line when glued, and therefore a mere square 
test on the joint should not be relied upon, but 
a straightedge should be tried across the entire 
width [124], when the pieces are together in fitting 
the joint. A very slight inclination on the joint 
will throw the faces considerably out, and necessi- 
tate a great deal of planing and reduction in 
thickness to get them true after the joint is 
glued. This, therefore, is a point which must not 
be lost sight of when the attention is engaged in 
making the joint as close a fit as possible. Very 
slight differences in the angle of the joint can 
easily be made by keeping the plane to one side 
on the edge as it travels along the joint, so that 
the middle part of the iron where the shaving 
is thickest may be at one side, and the side of 
the iron where the shaving tapers to nothing 
may be at the other side, thereby cutting a 
shaving of uncqual thickness and altering the 
angle of the joint. 

Edge joints are usually planed with the wood 
in the vice, and the plane used as shown in 102, 
but sometimes short joints, not exceeding 2 ft. 
or 3 ft., are planed with the wood on a shooting 
board, as in 101, the advantage of the latter 
method being that the edge cannot then be other- 
wise than approximately square. When the 
wood is too long to be held properly in the vice 
alone, the front end only is gripped by the vice, 
and the back supported at the same level. 

Gluing and Cramping. The glue is 
applied as quickly as possible to both pieces, 
which are held as shown in 125. The glue 
should be as hot as possible, and the joint 
closed before it has time to get coo). In gluing 
a long joint two men are necessary, one at each 
end, to rub superfluous glue out by sliding the 
upper piece on the lower and to see that the sidcs 
and ends are flush when the rubbing ceases, and 
also to assist each other in cramping or driving 
dogs without loss of time. Small joints can 
easily be manipulated by one person. 

Either dogs [126] or cramps [128], or both, 
may be used for holding a joint together while 
the glue is setting. Cramps are more powerful and 
decidedly better for large joints. For edge joints 
where the cramps have to span a considerable 
width, bar cramps tightened by a screw, or 
various forms of shop-made cramps tightened by 
wedges are used. A simple form suitable for 
cramping almost any width is shown in 128, 
A, B, and C. lt may be tightened merely by 
knocking it diagonally across the joint until it 
holds (A), or by driving a wedge between the 
pin and the slg of the bo (B), or more 
securely still by driving two wedges in opposite 
directions (C). Numerous other forms of cramp 
are used in which the extension is fixed to suit 
work of fixed size, such as doors, that are con- 
stantly being made, but the means of tightening 
is nearly always the wedge. 

Joints with large surfaces, such as 127 and 
128, are made by planing the surface of one of 


3846 


the pieces perfectly true, and then fitting the 
other to it. Square, straight-edge, or winding 
strips are used in the preparation of the first 
piece, and sometimes in roughing down the 
second, but the final fitting is done by trying 
the two pieces together and examining the joint 
round the edges, especially at the corners, to 
see whether it is in close contact everywhere. The 
sense of touch may also be employed to find 
whether there is any rocking or unequal bearin 

between the two pieces. A very common metho 

is to rub chalk all over the surface of the joint 
of the piece that has been planed true, and then 
rub the surface of the other piece on it. This 
transfers some of the chalk to the second piece 
and shows all over the surface just where contact 
exists and where not, and the joint can thus be 
very expeditiously brought to a fit by planing 
from those portions where the chalk marks 
indicate the high places. This is a very satis- 
factory method of fitting any surfaces to each 
other, whether for glue joints or not, or whether 
the surfaces be flat, curved, or irregular in shape. 

For cramping joints of broad surface, and wood 
of comparatively shallow depth, handscrews are 
the most suitable, and are more commonly used 
for glued joints than any other kind of cramp 
[128]. They are not suitable for edge joints 
because their extension is too Jimited. They 
can be screwed up to give a uniform parallel 
grip, or, if the work requires it, the pressure can 
be increased or diminished at point or back 
by relaxing one of the screws and taking up the 
slack with the other. 

Glue. Glue is stronger when freshly melted 
than after it has been reheated or kept hot for 
a long period. The proper way to make it is 
to break it up into small pieces and soak it in 
cold water for several hours to soften. Then 
put it in the glue-pot and heat it, adding enough 
water to cover it. Glue is always heated in a 
double pot, the inner containing the glue, and 
the outer the hot water. Water is used to thin 
the glue down to the required consistency. 
This thinning depends to some extent on the 
kind of work for which the glue is required. 
For small work it should be rather thick, for large 
joints it should be thinner. It is sometimes 
more convenient to use liquid glue than to melt 
glue for use, but in shops whore large quantities 
are required the latter method is preferred. 

When melted glue is used, it should be applied 
as quickly as possible while hot, and in gluing 
large joints in a cold atmosphere it is best to 
warm the surface of the wood first, so that the 
glue shall not be chilled and commence to set 
before the operation can be completed. It 
should be applied to both surfaces of joints, 
and then the endeavour is‘to rub and squeeze as 
much as possible of it out and to bring the wood 
into contact with no very appreciable film of glue 
between. While doing this the surfaces should 
never be separated, but merely slid to the extent 
of 2 in. or 3 in. over each other, the distance 
depending on the size of the joint. When this is 
done properly the two pieces will rapidly become 
very difficult to slide, and they should. then be 
adjusted exactly in relation to each other, and 
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cramped. If the,pieces are allowed to separate 
slightly while rubbing them together, especially 
at the finish, the joint will not hold satisfactorily. 
In that case it is generally better to take them 
apart, wash the glue off and apply fresh, and 
‘‘make the joint” again. 

The Cleat or Batten. Instead of gluing 
boards edge to edge to make one wido piere, 
they may be held together by laying thom edge 
to edge without glue, and screwing or nailing 
other pieces of wood, termed cleats or battens, 
across them [122]. This method is sometimes 
adopted in addition to gluing, but the battens 
are then more for the purpose of keeping the 
surface of the wide piece from curving or splitting 
than for holding the joints together. Joints 
held by battens are rather a rough class of work, 
though satisfactory as far as strength is concerned. 
When boards are battened together without 
gluing, the joints open slightly if the wood 
shrinks, but in battened work this is usually not 
objectionable, and moreover, if the joints 
could not separate, the wood would probably 
split in places. When battens screwed on 
the face, as in 122, are objectionable, cither 
on account of appearance or because they are 
in the way, a neater but not quite so strong a 
method is to tongue them across the ends [128], 
as is often done in drawing-boards. A refine- 
ment of this method again is to mitre the corners 
[180] so that no end grain is exposed. The 
objection to bringing the end grain of battens 
flush with the width of the board is that when 
the board has shrunk the ends project beyond. 
Battens attached to the face as in 122 are always 
cut shghtly short of the full width. 

Dowelled Joints. Although, as already 
stated, a plain side grain glue joint properly 
made is practically as strong as solid wood, 
there are cases where it is advisable to make the 
joint of more complicated form, while still using 
glue as the means of holding. In edge-glued 
joints the two chief variations from a plain 
flat surface are the dowelled joint [181] et the 
grooved and tongued joint [182]. The dowelled 
joint is used in many ways in addition to 
an edge joint like that shown. It is very com- 
monly adopted in end grain where glue has 
little holding power. Dowels are shows in 
the end grain of the mitred cleat joint [180]. 
Very often tenons are preferred in such a 
case. The main idea in using dowels, how- 
ever, is not so much to hold the parts together 
as to prevent side movement, though, if 
glued well, their assistance in holding together 
is considerable. As long as glue holds, side 
movement is impossible, but glue cannot always 
be trusted. Its quality varies, and in damp 
situations it is not of much value. A glued 
joint at its beat isas strong as solid wood. Some 
men even assert that it is stronger. But never- 
theless glue joints sometimes break, often 
tearing away some of the wood on either side, 
but with the main break through the joint. 
In the case of a joint subjected to a bending 
or shearing stress which would tend to split the 
timber, dowels extending a short distance on 
each side of the joint would prevent the joint 
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from breaking ; or, if the glue failed, the joint 
might separate by shrinking, but the parts 
would atill be kept flush with each other by the 
dowels. One disadvantage of a dowelled joint 
is that it is not easy to make a thoroughly 
satisfactory glued joint of it, because rubbing 
the parts together is impossible, and the dowels 
are a slight hindrance in getting it quickly 
together as soon as the glue is applicd. Extra 
force is therefore advisable in cramping it. 

Dowels. Dowels, or dowel pins, are round 
rods of hard wood. They are usually employed 
only in narrow jointa and on small surfaces. 
The joints are fitted in the ordinary way, and 
then the centres of the dowel holes are carefully 
marked opposite each other in the joint on each 
of the pieces. These centres must exactly corre- 
spond in each half, or trouble will be experienced 
in getting them together. The two pieces arc 
generally placed side by side with their jointed 
faces upward, and lines are scribed across each 
at the positions where dowels are to be inserted. 
Then a gauge is set to about the centre of the 
thickness of the wood, and longitudinal marks 
gauged from the same side of each piece. Tho 
intersection of these lines indicates the centres 
of the dowels. Another method is to lay ordi- 
nary pins in suitable positions in the joint and 
to press the parts together in correct position, 
thus obtaining corresponding impressions of the 
pin heads on both pieces, these impressions 
serving as centres on which to bore the dowe! 
holes. The dowel holes are then bored with 
a centre-bit of a size which permits the dowel 
to be driven in a tight tit. The dowel pin is then 
driven in with a little glue in each hole of one 
of the pieces, and sawn off 2 in. or 3 in. above the 
surface. (aro must be taken to bore the holes 
in the other piece amply deep enough to receive 
the projecting dowels. Sometimes instead of enter- 
ing only 2 .n. or 3 in., dowels are put entirely 
through, thus stiffening and preventing the 
wood from splitting. Dowels may be purchased 
ready made, but if wanted only occasionally they 
can be planed in an angle board and sometimes 
are driven through a hole of the correct diameter 
in a piece of iron or stcel plate. It is important 
that they fit the bit hole tightly, but it is not 
essential that they should be perfectly cylin- 
drical. Some men prefer them simply planed 
with a series of flata round their circumference. 
This tends to keep them from turning, and pre 
vents them from being an air-tight fit and co 
sequently troublesome to insert. 

The Tongued Joint. The tongued jun 
{182] is variously known as ploughed und 
tongued, tongued and grooved, grooved ant 
feathered, or matched, the last mentioned tern 
applying only to boarding with tongucs worked 
out of the solid [138]. Edge joints of this 
class are more commonly employed in carpentry 
and joinery than cither the plain, square butt 
joint, or the dowelled joint. They are not 
much more troublesome to make than the 
dowelled joint, and for most purposes are 
decidedly superior to it. The tongued joint 
may be put together either with or without 
glue. Its two chief advantages are, that no 
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matter how much the wood shrinks, the tongue 
prevents light or dust from passing through 
what would otherwise be an open crack between 
the boards, and also it keeps the boards flush 
with each other throughout their entire length 
more effectually than dowels at intervals 
could. The tongues, or feathers, are thin strips 
of wood sawn to fit the grooves, generally with 
their edges convex to facilitate insertion. 
Usually they are cut with their grain running 
the same way as the boards; but some work- 
men prefer them with the grain crosswise, or 
diagonally. Sometimes also, hoop iron is used 
instead of wood, so that they can then be made 
very thin, with, at the same time, a gain of 
strength both to themselves and to the boards, 
which do not require such wide grooves. When 
the grooving is done by hand a plane termed a 
plough [140 and 141] is used. In this plane, 
irons of widths ranging from about 4 in. to § in. 
can be used, according to the width of groove 
required. These irons can be adjusted to 
plough to a certain depth and to a certain 
distance from one side of the wood, the body of 
the plane acting as a gauge. Irons for planing 
the tongues are also somctimes uscd in it, but 
generally both edges of the boards are grooved 
and loose tongues put in. Very often when 
glue is used, the tongue is also nailed into one 
of the grooves. When a circular saw with a 
rising table is availab'c, grooves are generally 
sawn in preference to the use of a plough. 
Formerly special planes called match planes 
were often used, one to plough a groove, and a 
vompanion to it to form a corresponding tongue 
on the edge of the piece which had to fit 
it. When such work is done by hand now, 
ploughs or universal planes are more often 
employed. 

Modifications of the Tongued Joint. 
The superiority of an edge joint in which 
the parts overlap and fit into each other is 
HO great that many other forms besides the 
simple tongue and groove just described are 
employed. The double tongue [184] is frequently 
used for thick joints, or, when machinery 1s 
used for cutting them, half a dozen or more 
grooves and tongues may be made on the edge 
of a thick board. This latter method is often 
employed in box-making where thick wood is 
glued edgewise to make up a given width and 
afterwards ripped down into a number of thin 
pieces. There is also the double-tongued joint 
{185} in which both a projection and recess are 
cut on the same edge of each piece. There is the 
bevelled or angular tongue [186], in which an 
casy entrance and close fit are assured by the 
wedge form of the tongue. Also the rebated 
joint [187], in which the edges are cut to form 
a half lap joint; and there is a modification of 
this in the rebated and tongued joint [188]. There 
is also the splayed, bevelled, or scarfed joint [139], 
which is more commonly employed for ends 
than sides of boards, and is then also a heading 
joint All these joints are used for flooring 
boards and similar work where a number of 
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boards have to be fitted side by side. Where 
there is no objection to it, a quirk bead, as shown 
in 187, is employed to make the joint less 
noticeable if the wood should shrink, and also 
to improve the appearance. 

Rebates are planed with a rebate plane, as 
shown in 142. A rebate may be required at an 
intermediate position as in 142, or at an end, as 
in the case of the tongue in 129. When working 
across grain it is necessary to run sawcuts to the 
correct depth before the plane can be used, 
otherwise the sides of the rebate would be torn 
and splintered by the plane. If accuracy is 
desired, the sawcuts are kept to one side of 
scribed lines, and these are afterwards pared to 
with a chisel. In planing with the grain, it is 
not necessary to use a saw, but a strip of wood 
is generally attached temporarily to the surface 
to form a guiding edge for the plane. The 
depth of the rebate is marked with a gauge. A 
chisel is used for roughing down, and the plane 
for finirhing. 

Treatment of Jointed Parts. Unlike 
exterior surfaces, joints are never finished by 
glass-papering or other treatment, but are 
brought to a fit by the cutting tools only, and 
put together in that state. When properly 
fitted thus, further work on them would not only 
be superfluous, but sometimes detrimental, by 
rendering edges less sharp, and consequently 
making the lines where surfaces meet more 
peda when the parts are together. It is 
always advisable to have joints a close fit at the 
exterior, even if this be obtained by undercutting 
in other parts. A slight amount of undercutting 
to ensure a close fit at the outside is nearly 
always permissible, and as a rule is not a weak 
feature in a joint. Similarly, inner projections, 
such as dowels and tongues, are invariably kept 
a little short in their recesses to make sure that 
they shall not prevent the other parts from 
coming together as closely as possible. In the 
tongue, for instance, in 182, and the other 
examples that follow it, about ,), in. of space 
would be allowed between the bottom of the 
groove and the edge of the tongue. In a rebated 
joint like 187, no slackness could be allowed any- 
where, unless in cases where one face were hidden 
and very close joints were required on the other. 
In thick. stuff jointed in this way, slight under- 
cutting might be practised on the edges, but with 
a beaded edge it would never be necessary. 

Parts which have been glued, or otherwise 
secured together, nearly always require trimming 
and reducing slightly, to make their surfaces 
flush, and true with each other. It is simpler 
to do this after they are united than to attempt 
to join them absolutely flush, for none of the 
usual methods of fastening permit of very 
delicate adjustment of parts. In neat work 
also, a general cleaning up with a plane is 
necessary after the parts are together, because 
surfaces often get brifised and soiled in 
handling, and pencil-marks, made to show the 
position of parts in relation to each other, have 
sometimes to be removed. 
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Light and Crystals. There is a deeply 
interesting branch of science which is known as 
crystallography—the study of the form and 
construction of crystals of all kinds. In the 
attempt to cover the great fields of physics and 
chemistry, in this and its companion course, we 
have been able to spare no space at all for this 
subject, interesting though it be. But a crystal 
1s made up of molecules, and we cannot question 
that the shape of the crystal depends, in some 
way, upon the shape of its molecules. In the 
course on (‘hemistry we have had occasion to 
discuss the work of Pasteur upon the two kinds 
of tartaric acid, and there we saw how the shape 
of the molecules must be associated in our minds 
with their peculiar behaviour in relation to light. 
We must now study the fashion in which certain 
crystals act upon a ray of light ; and the point 
which it is desired to emphasise is that we must 
. not regard the behaviour of solutions of tartaric 
acid, for instance, upon light, and the behaviour 
of certain crystals upon light, as unrelated, but 
must constantly associate them in our minds as 
various instances of the relations between hght 
and molecules of certain shapes. 

Ordinary and Extraordinary Rays. 
The familiar salt known as calcium carbonate 
occurs in great quantities in Iceland in the 
particular form which is known as caleie or 
Iecland spa. Portions of this substance can 
very readily be split or cleaved so as to form 
a transparent crystal, having the shape of a 
rhomb. Now, in such a crystal, there wa 
particular direction which is such that the 
crystal is symmetrical around it, and this is 
known as the optic axis of a crystal. This optic 
axis does not pass through any point in the crystal, 
but, indeed, there are as many optic axes as 
molecules, and they are all parallel. This fact 
alone is proof that the behaviour of a crystal, 
which we are about to study, is really the he- 
haviour of one and all of its component mole- 
cules. Now, if we take such a crystal, and look 
at any object through it, we shall find that every- 
thing is double. |See Plate facing page 1201.] 
In short, when a ray of light passes through 
a rhomb of Iceland spar, it is split up into two 
rays, and these two rays differ from each other 
in the most remarkable way. One of them is 
known as the ordinary ray ; it passes through 
the crystal according to the ordinary laws of 
refraction, and displays no peculiar characters. 
But the other ray, which is produced by this 
process of double refraction, has some very 
remarkable properties of its own, and is called 
the extraordinary ray. In the first place, it does 
not have the ordinary index of refraction, and, 
in the second place, we shall find that this ray 
actually turns round when the crystal is turned 


round, in such a fashion that it always remains 
in the same plane with the ordinary ray, and 
with the optic axis of the crystal. Thus, if we 
look through such a crystal at writing upon a 
piece of paper, one of the two images of the writing 
produced by the double refraction actually turns 
round as the crystal is turned round. 

It is essential that the Iceland spar be prepared 
for this purpose in a fashion which preserves 
its natural characters. It must besplit in its three 
natural directions. If it be cut, we shall be apt 
to find that it has no peculiar characters at all 
and that no double refraction is produced. 


The Extraordinary Ray. What we now 
require is plainly some device which will enable us 
to study either the ordinary or the extraordinary 
ray by itself. This can be done by taking a 
crystal of Iceland spar, cutting it obliquely 
so as to form two wedges, and then cementing 
the wedges together with the substance known 
as (‘anada balsam. This particular substance 
is transparent and has a refractive index which 
is between the refractive index of the ordinary 
ray and that of the extraordinary ray of Iceland 
spar. Hence it is an casy matter to adjust the 
prism—commonly called a ‘“ Nicol ”’—so that 
the ordinary ray is totally reflected from the 
Canada balsam (falling upon it at an angle 
greater than the critical angle), while the 
extraordinary ray passes on unchecked. 

When we come to examine this extraordinary 
ray, we find the explanation of the fact that one 
of the images seen through a rhomb of Iccland 
spar rotates when the crystal is rotated. We 
find, inshort, that this extraordinary ray consists 
of polarised light—a term which we have had 
occasion to use more than once already, and 
which must now be carefully studied. 


A Historic Observation. Double re- 
fraction had already been studied by Huygens 
and by Newton. Reference has already been 
made to Newton’s explanation of it, and his ques- 
tion, ‘‘ Have not the rays of light several sides, 
imbued with several orginal properties?” It 
was not until 1810, more than a century after 
Newton’s work, that, to quote Professor Tait, 
“‘ Malus, while engaged on the theory of double 
refraction, casually examined through a doubly 
refracting prism of quartz the sunlight reflected 
from the windows of the Luxembourg Palace 
He was surprised to find that the two rays 
alternately disappeared as the prism was rotated 
through successive right angles ; in other words, 
that the reflected light had acquired proper- 
ties exactly corresponding to those of the rays 
transmitted through Ieeland spar. Even Malus 
was 80 imbued with the corpuscular theory of 
light that he named this phenomenon polarisation, 
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In what he calls a brief summary of the evidence 
for the undulatory theory of light, Clerk-Maxwell 
first of all infers from the fact of interference that 
“light is not itself a substance. . . . We 
cannot suppose that two bodies, when put to- 
gether, can annihilate each other ; therefore light 
cannot be a substance. What we have proved is 
that one portion of light can be the exact opposite 
of another portion. 

“ Among physical quantities,” Clerk-Maxwell 
proceeds, ‘‘wo find some which are capable of 
having their signs reversed, and others which are 
not. Thus, a displacement in one direction is 
the exact opposite of an equal displacement in 
the opposite direction. Such quantities are the 
measures, not of substances, but always of pro- 
cesses taking place in a substance. We therefore 
conclude that light is not a substance, but a pro- 
cess going on in a substance, the process going on 
in the first portion of light being always the exact 
opposite of the process going on in the other at 
the same instant, so that when the two portions 
are combined no process goes on at all. . . . 
We have determined nothing as to the nature of 
the process. It may be a displacement, or a rota- 
tion, or an electrical disturbance—or, indeed, 
any physical quantity which is capable of assum- 
ing negative as well as positive values. Whatever 
he the nature of the process, if it is capable of 
being expressed by un equation of this form, 
the process going on at a fixed point is called a 
vibration. When we contemplate the 
different parts of the medium as going through 
the same process in succession, we use the word 
undulatory to denote this character of the process, 
without in any way restricting its physical 
nature.” 

The Nature of a Wave. The reader 
must pay the utmost attention to the last 
phrase. It will prepare us for what we are 
about to see—namely, that our illustration of 
the rope is only an illustration. As long as our 
notion of a wave is derived from any of the waves 
we know, we shall have no choice but to think of 
a wave of light as a displacement—that is, 28 a 
movement of certain parts of the cther. This 
implies that the ether is discontinuous, and leaves 
us hopelessly muddled and without any prospect 
of ever forming a concept of the ether that will 
satisfy all our requirements. 

The original view of the wave theory was 
that a wave of light consists of a movement 
af the medium. We must abandon this 
altogether. Furthermore, we must abandon 
entirely all our preconceptions as to the 
meaning of the word wave. To define the term 
somewhat loosely, we must think of a wave 
as no more than a recurrent process. We must 
cease altogether to think of a wave of light as 
constituted of something which is moving up 
and down or from side to side. We are very fai 
from asserting that when we abandon this con- 
ception, a8 we must, we shall be able to replace 
it by what Descartes would have called a 
“clear and distinct idea” of a wave of light. 
But, at any rate, we shall have travelled a 
little nearer towards the truth. 
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Clerk-Maxwell points out that Faraday pre- 
dicted, in a remarkable fashion, the discovery 
that one and the same medium is concerned 
in the propagation of light and in electro- 
magnetic phenomena. Fuaraday, like Clerk- 
Maxwell himself later, was very much con- 
cerned to oppose and disprove the really 
inconceivable notion of “action at a distance.” 
He found himself compelled to believe, after 
studying the magnetic force, and the general 
character of magnetic phenomena, external to 
the magnet, that the luminiferous ether is in- 
volved in the transmission of the magnetic 
force. ‘Such an action,” he says, “ may be a 
function of the ether, for it is not unlikely that, 
if there be an ether, it should have othey uses 
than simply the conveyance of radiation.” 
This prediction of Faraday’s has been most 
wonderfully verified, as we shall see. 

Faraday’s Work. But we have had 
occasion to refer to few more remarkable men 
than Faraday, and a brief discussion of his life 
must be included here. He was born, the son of 
a blacksmith, in 1791, and died in 1867. When 
he was twenty-one years of age he went to 
hear Sir Humphry Davy lecture at the Royal 
Institution, and the result of sending his notes 
of these lectures to Davy was that he was ap- 
pointed laboratory assistant there. Ie remained 
and worked in the Royal Institution during the 
remaining fifty-four years of his life. His first 
work was mainly chemica] and extremely inte- 
resting ; most notably, however, perhaps, because 
a new kind of glass, which he then discovered, later 
enabled him, when he placed it in a magnetic 
field, to discover the rotation of the plane of 
polarised light under these conditions. Later, 
Faraday worked at electromagnetism with the 
greatest success, and in 183] he made what 
Clerk-Maxwell calls the “ crowning discovery ” 
of the induction of electric currents. 

Magnetism and Polarised Light. Four. 
teen years later he discovered the effect of magnet- 
ism on polarised light. We may quote part of his 
note on this discovery, especially because the 
last part of it has been so amazingly verified : 

“Heavy glass was experimented with. It 
gave no effects when the same magnetic poles 
or the contrary poles were on opposite sides (as 
regards the course of the polarised ray), nor 
when the sume poles were on the same side, 
either with the constant or intermitting current. 
But when contrary magnetic poles were on the 
same side there was an effect produced on the 
polarised ray, and thus magnetic force and light 
were proved to have relations to each other. 
This fact will most likely prove exceedingly 
fertile and of great value in the investigation of 
the conditions of natural force.”’ 

Faraday excelled in the presentation of science 
to people without scientific training, and notably 
to children. His scientific work shows him to 
have been possessed, in the highest degree, of 
the scientific spirit which seeks to follow truth 
wherever she leads. He was an earnest member 
of the small Christian sect who are known as 
Sandemanians. 


Continued 
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Group 9 
DRESS 


Drafting and Cutting out Baby Bodice, Day and Night Gowns, 27 


Princess Day Gown, etc. The Short-coating Set and Pelisse 


—_ 





CHILDREN # CIOTHING 
continued from page 3746 


By AZELINE LEWIS 


WE have now to deal with the drafting for the 

various garments illustrated in the last 
article. For the first as well as the second, or 
short-coating set, the following may be taken as 
good average measurements : 

Chest, 20 in. to 22 in. ; neck, 10 in. to 10} in. ; 
wristbands, 6 in. to 74 in. 

The long clothes should not exceed 30 in. in 
length, and may with advantage be shorter. 
No turnings are allowed on the following draft- 
ings; 1 in. should therefore be added for hems, 
] in. to 4 in. for each tuck, if required for orna- 
ment, and j in. at seams and elsewhere. Very 
much fulness is 
not advisable for 
an infant’s 
garment, unless 
the material be 
very thin and 
light. 

An Infant's 
Bodice. No. 8 
gives the draft- 
ing of an in- 
fant’s —_— bodice, 
which will sut- 
fice for that of 
the long flannel 
petticoat, robe, and yoke of the day and 
night gowns [see diagram 1, page 3745]. ‘The 
single row of broken lines indicates the direction 
to he followed for the strap bodice 
of the first long flannel, while the 
double row shows the method of 
obtaining the yoke, half of which 
is shown in the same diagram. 
{See DrEssMAKING for Blouse 
Cutting. ] 

A toBandC to Dare 10} in. ; “ 
A to D and B to C, 8in.; Bto 
EK and A to F, 14 in.; B to 1, 
2} in.; Ato G, 1 in.; G to H, 
2}in.; GtoJ,lin.; J toK,a 
little longer than front ; L to M, 

3 in, Shoulders, 24 in. These 
should extend to just above the 
line F E. If required fuller, 
simply add on an inch or so to 
centre front and back. Re- 
member, too, that a healthy 
baby grows atan extraordinary 
rate, so that the garments should 
allow for expansion. The arm- p 
holes should be quite loose, and 
not less than 9 in, round. 

Tue Suieeve. A to B, and C toD, 5 in; 
B to C, and A to D, 10 in.; B to E, 3 in. 
The under part should only be very slightly 
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8. DRAFTING INFANT'S BODICE 


9. BODICE SLEEVE 


sloped out, and, indeed, for an infant, this is 
scarcely necessary [9]. 

With the aid of these two patterns, nearly all 
these little garments can be obtained, the skirt 
portion in cach case consisting of straight, or 
very modcrately sloped, widths from 27 in. to 
32 in. in length, the former being quite long 
enough, For the long flannels, 13 yd. of flannel, 
36 in. wide, should suffice for one garment. This 
can be taken lengthways, and the 6 in. strip torn 
off at one side, allowing for the bodice, which 
should be double flannel. If only 27 in. wide, 
then 1} yd. will be required, two widths being 
necessary for the 
skirt, each 27 in. 


long, the re- 
maining j yd. 
being for the 
bodice. Tho 
edges may be 
either hemmed 
or festooned. 
Day and 


Night Gowns. 
For the yoke day 
and night gowns, 
the front and 
back skirt widths 
arc shaped as in diagram 10, and sloped out a 
little for the under part of armhole. For the 
nightgown, 2 yd. should be enough, of which 
one width, and ao half torn 

6 lengthways, are required for the 


“| skirt, the remaining half-width 
y|  sufficing for the yoke (which is 
| double), sleeves, and band. The 
\V}  daygown will require 2} yd. 


to 2) yd., as this must be 
£ fuller and longer, to allow for 
hem, tucks, and ornamentation. 
Wide, embroidered, tucked and 
inserted flouncing can, however, 
be Lought by the yard, which is 
much used for robes and day 
gowns, saving much work. If 
this be employed, 14 yd. to 2 yd 
are enough for the skirt portion. 
The Empire robe is made 
either of silk or cambric, and 
is cut from the hodice and slecve 
patterns shown in diagrams 8 
and 9, the material heing tucked 
c and inserted as required before 
cutting out. Yokes and bodices 
can, however, now be bought 
ready-made, The skirt consists of two or more 
straight widths, tucked and ornamented as 
desired—this being baby’s smart gown. 
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10. DAY OR NIGHT GOWN 


Slip SKirt and Head Flannel. The 
slip skirt is made in exactly the same way as the 
last, without the 
bodice, cther of cam- 
bric, lawn, or silk. It 
can be trimmed as 
elaborately as desired, 
and is secured by a “4 
band, whilst two soft 
ribbon straps pass 
over the shoulders “ 
from the back, to be 
fastened to the wuist 
in front. This skirt 
may be made toslip o 
on over the head, but 
a better way 1s to 
make it fasten either at the side with two or 
more soft satin bows, or to fold it well over at 
the back without any fastenings at all. The 
peretn In any case 13 the same, except that 
or the last a httle more fulness must be allowed 
when cutting, to allow for folding over. 

The head flannel has 
eg already been men- 
tioned. The best way 
to make the casing for 
the ribbon at the head 
part is by means of the 
fancy stitches shown in 
diagram 5, 

The succeeding dia- 
prams show how to cut 
out the hygienic set 
depicted in diagram 8. 

Bodice for Long 
Flannel. A to B, 
and C to D, 11} in. ; 
B to C, and A to D, 
74 in. ;B to E, and A 
to F, 4 in.; G and 
H, midway between 
these last lines. I is 
i above line A B. 

e other measures 

marked in the 
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11. DRAFTING LONG FLANNEL 


diagram, and the double front portion is cut as 
indicated by the broken line, the paper being 
ae back for the centre line marked BR, C, E, 
and G. 

If required without sleeves, the back neck 
should fasten over the front and the armhole 
portion must be very neatly bound with soft 
ribbon [11]. 

THE Sierve. A and B, and C to D, 8} in. ; 
B to C, and A to D, ll in.; B to E, and A to F, 
5in.; Atol, 3}in.; andBto J,3in. GandH 
are midway between last points. The notches 
correspond with those of bodice and must not 
be forgotten [12]. 

The skirt portion is similar to those alread 
mentioned. This pattern will do equally well 
for a nightdress, with the addition of lace edging 
and more ornamentation. It may also be made 
to fasten down the centre of front if preferred. 


Nightdress. Diagram 13 is an extremely 
simple pattern for a nightdress ; it is cut all in one 
piece, and fastens up at the centre-front, or at 
the side, as wished. Ato B, 14in.; BtoC, and 
A to D, 28 in., or longer if wished. A to E, 5 in. ; 

E tok, lin.; Ftoi, 
ae 6 in. The sleeve is 
on curved slightly from 
F to G, but this is 
quite optional, as it 
can be made nearly 
straight. The neck is 
from 10 to 12° in. 
round, 

Tt can also be made 
double-breasted, as in 
the diagram; but in 
this case back and 
front must be cut 
separately, the extra 
portion following the shape of the broken lines. 
In this last shape the sleeves are better left 
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12. LONG FLANNEL SLEEVE 


open at the top edgo and fastened 
with narrow ribbons, while the 4 
edges should be finished off with 
festooning. 

Princeas Day Gown. Diagram 
14 gives the drafting of the Princess 
day gown shown in 2. This, like 
the former, fastens over at the 
side, and is put on exactly in 
the same way. The fastenings in 
this set should be alternately 
arranged for right and left. 
Thus, if the long flannel fastons 
to the left, the gown should fold 
over to the right, and vice versa, 
a matter which is quite easy to 
arrange. This frock can be cut 
from the bodice-pattern [8] by 
sloping out the underarm scams 
for the necessary width. A, B,C , 
and D represent the back, D, E, @ 
F, G and H the side-front, the 
remainder representing the ful- 
ness for front, the yoke of which is cut from 
the bodice as indicated. Both this and the full 
front are placed to a fold in the centre. The 
trimming of this robe is a matter of taste. 

Diagram 15 shows 
how to cut the square 
kimono [4e] which is 
too simple to need 
further explanation. The 
ribbons are to tie it 
round the arms. The 
neck is a circle about 
4in. in diameter. Dia- 
gram 16 illustrates the 
method of cutting out 
the circular kimono 
in 
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A to B, and C to ND 
are 20 in. in length. <A 
to E, 9} in.; E to F, 
3in.; B to G, 6 in. The collar is cut from 
the neck portion three or more inches wide as 
desired, whilst the remaining measurements are 
given in diagram. 

In diagram 17 we have the little tea-jacket 
or outdoor coat shown in 4b, which 1s cut 
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15. SQUARE KIMONO 
















14, PRINCESS DAY GOWN 





18. CIRCULAR KIMONO 





from the bodice of 11, being pre- 
ferable to the round armholes. 
Should the latter, however, be pre- 
ferred, the bodice [8] can be 
utilised in the same way by allowing 
extra fulness at front and side. It 
could be also made with a yoke, 
and the lower part nicated or 
gathered on to it. The broken lines 
show the way in which the pattern 
of 11 is to be arranged. The 
sleeves for both have already 
been given (9 and 12], but in each 
cage they should be much fuller, 
as this coat is designed to go on 
over the other garments. The 
length and trimming are also a 
matter of taste, about 8 in. being 
a fair average for the former. 

Diagram 18 shows the method 
of cutting out the cloak in 4, 
which is cut on the samo lines as 
the tea-jacket just mentioned, 
with the wide armholes and sleeves extending to 
the neck. This shape, however, can easily be 
formed into an ordinary sleeveless cloak by 
cutting it with a V at the neck part, as shown 
by the broken _ line 
between the armhole 
lines. Both capos are 
shown on the same 
diagram, but must, of 
course, be drafted sepa- 
rately. 

A to B, and C to D 
are 4] in.; B to, and 
A to D, 38 in.; B to 
E, and A to F, 20 in. 
The sleeve opening is 
6 in. to 7 in. in depth. 
For the cape, G to H 
and I is 20 in, G to J 
and K, 3 in. Pivot 
from G to H and J for the outer circle of cape, 
then cut the neck as shown, and the upper one, 
or collar, from this. The method of cutting the 
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sleeves is shown in 12. 

Note that this cloak can be made with a 
yoke if wished—a lit tle rounded one for preference 
—which can be cut from 8. In this case the 
lower portion is gathered on to the neck, and 
would not be cut up to it. For this cloak 34 yd. 
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17. TEA-JACKET 
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19. SHORT-COATING SET 


of 44-in. goods are required. 
44 in. wide, divide as shown by the 
broken line, and allow nearly double the 


quantity of material. 
Short-coating Set. 


babies, whose mothers are 
progressive, have never 
worn long clothes at all, 
and have never suffered 
from the omission. 

The garments themselves 
differ very little in shape 
from the long ones except 
in Jength and size; the 


bodices in nearly all cases being larger, which, 
however, is quite an easy matter to arrange 
and needs no explanation [19]. 

Some additions are necessary, howevet, and 
these include the pilch, or first drawers, and 
several dainty pinafores; 6b andd show two 
shapes of pilch; ¢ the small petticoat, a the 


pelisse, and e the frock. 


When the laundry bill is a matter of no 
concern, pinafores areoften never used at all £ 
for the first few months, the child always being 
dressed in fresh, white frocks. 

Diagram 20 shows the first drawers, which in 
the new baby’s wardrobe would be of flannel, 
but in others of cambric or fine longcloth, in 
each case with the leg-openings bound and 


trimmed with lace. 


To draft the pattern, make A to B, and C to 
D, 13 in. ; B to C, and A to D, 16 in. ; C toE, 
and D to F, 5 in.; F to G, and G to I, 3 in. ; 
The broken line on 
either side of G and H shows the portion to be 


G to H, a little more. 
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The operation 
of short-coating is now never deferred 
beyond three months, and may take 
place before this period, whilst some _ - 


hollowed out between the legs to give a little 
more shape here for the next size ; but for the 
vory first stage this is not necessary. Half a 
yard of 36-in. flannel is required. Some people 
prefer the pilch made with the points extending 
up to, and fastening to, the waistband. This, 
however, is a matter of taste, and it is quite 
easily managed from the same pattern, as 
shown by the broken lines in the diagram. 

A pair of stork pants should also be added to 
the list. These are much the same as those 
shown in the diagram, but are made of thin 
waterproof material. 

The Pelisse. The pelisse can be cut 
from any of the form.r patterns, and should 
extend from I in. to 3 m. below the feet. 

At the crawling stage a pair of loose drawers, 
or a crawling suit, will be found very useful for 
ene the petticoats clean and doing away 
with frequent changes. The latter is cut 
somewhat similar to the combination illustrated 
in the next article, but somewhat fuller in the 
legs ; whilst for the former the drawers portion 
of the small child’s divided garment may be 
taken as a model, the knee part being 
gathered into a band instead of left loose, as 
shown in the sketch. 

It is inferred that the reader has followed 
the preceding Courses on UNDERCLOTHING 
and Dressmakinc. Any details in the 

\ making of these garments apparently omitted 
al_\ e from these lessons will be 

found to have been pre- 
‘ viously described. Speaking 
generally, when once the 
rudiments of plain needle- 
work and the drafting 
system have been mastered, 
it is merely a question of 
adapting the patterns to 
the garments required. 


If lessthan , 
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THE ORGAN 


Construction of the Instrument. Pedals, Keyboards, and Stops, 
Church Music. Recitals 


Touch. Fingering. Expression. 
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By J. CUTHBERT HADDEN 


‘THE organ is known familiarly as the King 
of Instruments. It deserves the name 
alike as regards its compass, its powerful 
dimensions, and the space which it occupies. 

Nature of the Instrument. In incep- 
tion, at least, it is one of the very oldest 
of musical instruments. Such, too, is the 
flute, and, as Sir John Stainer has conclu- 
sively shown, the history of the organ is 
nothing more than a narrative of the efforts 
made by man to bring under the control of one 
performer a large number of flutes. Not 
flutes of the modern orchestral type, blown 
at a hole in the side, but flutes with a mouth- 
piece, very much like the familiar penny 
whistle. There is little difference between 
a penny whistle and an organ pipe, and 
if you think of the primitive organ as an 
instrument in which several penny whistles 
were brought under the control of one per- 
former, you will have a good idea, to start 
with, of the evolution of the “ King of In- 
struments.” 

First. they stuck several flutes over a4 
wind-chest supplied by bellows; then, 
gradually, they added more and more flutes 
in the form of real organ pipes. A keyboard 
naturally followed. Before its invention, the 
pipes (say, the flutes) were ‘‘ made to speak 
or be silent at the will of the player by pulling 
backwards or forwards pieces of wood, the 
ends of which either closed up the foot of 
a pipe or allowed the wind to enter it.” This 
was a slow, clumsy business. The first 
keyboard (about the end of the eleventh 
century) was not quite so slow, but it was 
nearly as clumsy. The keys were so long that 
five of them took up about the space of eight 
on the modern keyboard, and the player had 
to hit them with his closed fist or press them 
down with his elbow, so that he was called not 
the organist, but the ‘‘ organ beater.” Or- 
ganists of those days required the muscles of 
a blacksmith. 

Construction. In time the keys were im- 
proved until they became practically what 
they are to-day, except that where the keys 
are now white they were black, and where they 
are black they were white. Keys for the 
hands were subsequently (fifteenth century) 
followed by keys for the feet, which, in the 
modern pedal board, as it is called, are one of 
the essential characteristics of the pipe organ. 
Reed pipes (to be explained later) came also 
in the fifteenth century, and inventions and 
improvements went on with the progress 
of time until now, in the organ of to-day, we 
have one of the grandest and most complete 
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of all musical instruments—the veritable 
ae King.”’ 

To explain the construction of this “ in- 
strument of instruments’ with any minute- 
ness would occupy a vast amount of space. 
The student should try to see an organ in 
actual process of “‘ building.’”’ No amount of 
printed mattcr can compete with such a lesson 
as that, and indeed, the modern organ is so 
complicated a piece of mechanism that it is 
very difficult to make its details clear on paper. 
Broadly speaking, these detaila go into tho 
following divisions: (1) Tho apparatus for 
collecting the wind—that is to say, the bellows ; 
(2) the means for distributing the wind—the 
wind trunk, the wind chest, and the sound- 
board grooves ; (3) the me~haniam for playing 
the instrument—viz., the keyboard and the 
key movement; and (4) the mechanism for 
controlling the use of the tiers of pipes—vtz., 
the draw-stop action. 

The Mechanism. The bellows requires 
no explanation. Its primary function is to collect 
the wind and to send it forward by means of the 
wind-trunk to the wind-chest, where the wind is 
directly drawn upon as required. This wind- 
chest runs the whole length of the sound-board, 
upon which the various tiers of pipes are stacked ; 
and in it are located the little contrivances 
called pallets, which prevent the wind getting 
further until they (the pallets) are operated upon 
fronf the keyboard. This brings us to the key- 
action. The pallets are, of course, a long way 
beyond the player’s reach, but they are moved 
instantly by rods connected with the tail of the 
key. The action is simple enough in its operation, 
though it involves the use of three or four separate 
pieces of mechanism—the sticker, the roller and 
tracker, and the pull-down, to use the tech- 
nical terms. By the draw-stop action the player 
is enabled to bring into use or shut off any 
particular set of pipes. If it were not for this 
action, all these sets of pipes would always sound 
together, just as they do when the organist 
pulls out every “knob” in his organ. Every 
separate set of pipes has beneath it what is termed 
a slider. This slider is perforated with holes 
corresponding with the mouths of the pipes. 
When the slide is “‘ open” the holes are exactly 
beneath the mouths of the pipes ; when it is shut 
(by the draw-stop), the wind is cut off, and the 
pipes are necessarily silent. In short, to quote 
a musical dictionary maker, “‘ the pulling out of 
the draw-stop rods in front of the organ so far 
admits the wind to the pipes that it is only 
necessary to press down a key, which opens a 
small valve, to make the pipe connected with it 
speak ; the pushing-back of the register-rod 
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(the whole sweep of the movement is only about 
am inch) silences the stops.” Here, in brief, 
is the mechanism of the modern organ. But, 
nfter all, one feels the explanation to be so sadly 
futile that he comes back to the originally- 
suggested advice: see an organ in actual process 
of construction. 

The Piano as a Substitute. Now, 
there are peculiar difficulties about the study of 
the orgun. You may buy a clarionct or a flute 
and carry it home in your pocket. A violin easily 
goes into a portable case. A piano is a recognised 
piece of household furniture. But you cannot 
carry about an organ ; it cannot readily be set up 
in an ordinary sized room. You find it in the 
church only, and you have to make a variety of 
arrangements before you can enjoy your practice 
—take lessons from the organist, engage a blower, 
perhaps bargain with the churchwardens or 
Managers, and soon. Hence it has to be admitted 
that it is hardly possible to study the organ with- 
out calling in the aid of the instructing, living 
organist. Jt is only through him, as a rule, that you 
can get at an organ, though, in London, at least, 
the student can always command the use of a prac- 
tice instrument at a moderate fee. Nevertheless, 
if one is once fairly grounded in the elements of 
organ-playing he may continue his study unaided 
as easily as the violinist or the pianist. He may, 
perhaps, obtain a church appointment where the 
modest salary is in keeping with his modest 
abilities. Thus he will have an organ at his 
sole command, by which he can readily advance 
to the heights which the great men of the organ 
world have won and kept. 

Then, as already hinted, you may hire an 
instrument by special agreement. If you do 
not know of any such instrument, advertise 
for it. There are churches which hire out their 
organs to students as a means of reducing o 
debt that rests on the instrument. Finally, 
you may have a pedal attachment fixed to your 
piano. The “ foot-keys,”’ remember, are the 
essential characteristic of the pipe organ. The 
manual keyboard of the organ is the same as 
the keyboard of the piano; which means that 
you can “ get up” all your organ music on the 
piano—except the part for the feet. For this 
latter you must add to your piano a set of pedal 
keys. It is a simple matter, though it will 
cost you a ten-pound note for a good and 
rehable piece of mechanism. But think what 
you gain! You can practise your organ studies 
whenever you like. You dv not require to go 
to the church every time you want to “run 
through” a Bach fugue or a Mendelssohn 
sonata. You save the cost of a blower. And— 
you add to the certainty of your execution ; 
for a mistake on the piano is much more easily 
detected than a mistake on the organ, and on 
the piano you must hit a pedal note “clean ” 
or you will know it ! 

Neceasary Preliminary Technique. 
Whenever possible, get at the organ itself ; 
when that is not possible, the best available sub- 
stitute is the piano with the pedal attachment. 
But it is, at best, a makeshift ; a supplement, 

as it were, to work at the keyboard within the 
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church walls. And here another point suggests 
itself. Keyboard study should never be begun 
with the organ. It is a waste of time. If you 
cannot play at all, do not dream of attacking 
the king of instruments until you can at least 
play a little. In the words of Sir John Stainer, 
an organist “‘ should not commence his practice 
on the king of instruments until he has a thorough 
knowledge of musical notation, can read fairly 
at sight, is able to play al) his scales evenly and 
rapidly on the pianoforte, and, above all things, 
can carry his hand in a good position while 
playing chords and scales.” For giving elas- 
ticity of action to the fingers and wrists, for 
forming the position of the hand, and for training 
the touch, the piano stands unrivalled. As 
Stainer insists, all this portion of an organist’s 
work (and it is a most important portion) 
should be done at the piano. The point must 
be emphasised. When you have to hire out 
an instrument, and perhaps to pay for a blower, 
it is out of the question that you should sit at 
the organ doing that which you had far better, 
and with no financial outlay, do at the piano. 
So, then, do not be in a hurry to get to the 
organ itself. Learn, first, to play a little on the 
keyboard—either the keyboard of the piano or 
the harmonium, the former by decided pre- 
ference. Then, when you sit down to the organ, 
instead of having to play scales and finger 
exercises, and pieces of “ absurd simplicity,” 
you will be able to attack at once the peculiar 
difficulties of the instrument, which consist, 
essentially, in the combination of playing with 
hands and feet. 

Difference in Organs. Having cleared 
the way of all preliminaries, let us sup- 
pose ourselves seated at the organ, ready 
to begin actual work. With the instrument 
thus before us, new points for explanation 
contront the instructor, for an organ is not 
hke a pinno. Roughly speaking, there is 
nothing to explain to the young pianist about 
his instrument but the keyboard and the loud 
and soft pedals. There are dozens of things 
to explain about an organ, to say nothing of 
the fact that no two organs are alike, as all 
pianos are essentially alike. For example, we 
may imagine ourselves seated at an organ with 
two or three or even four keyboards; with a 
dozen stops or five dozen stops ; with a straight 
or a radiating, a flat or a concave pedal-board ; 
with a “balanced” swell pedal, or an old- 
fashioned pedal fixed by anotch. The“ action ” 
of one instrument may he tracker, that of another 
pneumatic, of a third electric, andsoon. There 
is, in fact, no end to the diversities of organs. 
For the student’s purpose, however, it will be 
enough to take the essentials, and leave the 
differences for his own individual attention 
as they present themselves. 

In the first instance, then, there are the 
manual keyboards. Organs of two manuals 
are by far the most common. In these the 
lower manual represents the Great Organ, the 
upper manual the Swell. The names are suffi- 
ciently informing. The Great Organ is so 
called because it includes (or ought to include) 


all the nobler and more characteristic stops— 
those of large scale and powerful tone; while 
the Swell Groan owes its name to the fact 
that all ite pipes are enclosed in a box with 
a sort of venetian blind front, which can be 
opened and closed by the foot of the player for 
the production of crescendo and dsminuendo 
effects. When there is a third manual it 
represents the Choir Organ, so called because 
its usual delicate quality of tone was supposed 
to be specially suitable for the accompanying 
of voices. A fourth manual is found only in 
very large instruments, principally in cathedrals 
and concert halls. It represents the Solo Organ, 
the stops in this case being mostly of an orches- 
tral character, and such as are used for solo 
purposes. 

Pedal Keyboard. So much for the 
manual keyboards. Next we have the pedal 
keyboard, an essential feature of every pipe 
organ. It covers nearly two and a half octaves 
—from CCC to F, to be precise—and its function 
is, through its stops, to provide a suitable bass 
for the manual stops. There are various kinds 
of pedal-boards, unfortunately. The keys may 
be perfectly straight, or they may be disposed 
in radiating form. Either of these, agam, may 
be flat or they may be concave—that is, gradually 
rise at the extremities. The student will readily 
adapt himself to whatever kind of pedal-board 
he has to practise on; but he ought to seek 
opportunities of playing on pedal-boards of a 
different pattern, otherwise, if he is being tested 
for an appointment on an organ whose pedal- 
board is unhke that to which he has been 
accustomed, he may easily come to gricf. It 
is a pity that all pedal-boards are not alike, as 
all manual keyboards are alike ; since the diver- 
gence exists, the student must make the best 
of it. 

The Stops. Now for another essential 
feature of the organ—the stops Here, again, 
there are diversities as regards the nomenclature, 
but these are to a large extent minimised by the 
nover-failing uniform practice of indicating the 
pitch of the stop directly below its name. Thus 
one sees “ Bourdon, 16 ft.,” “Open Diapason 
8 ft.,” “ Principal, 4 ft.,” ete. This requires 
some explanation, though it is very simple It 
means that the longest pipe of the particular 
stop is of the length (in fect) indicated on its 
stop handle. On the pedal the 16 ft is the 
groundwork ; on the manual the groundwork is 
the 8 ft., the stops so marked giving exactly the 
same pitch as that of the pianoforte. Stops 
marked 4 ft. are, of course, an octave higher: 
those marked 2 ft., a couple of octaves higher. 
Thus, to put it in a word, the student will under- 
stand that when he pulls a stop marked “8 ft.” 
he is getting the standard pitch ; when he pulls 
one marked “ 4 ft.,” and plays with that alone, he 
will, in effect, transpose his music an octave 
higher. The resultant rule is that he must 
always use the 8-ft. stops as the foundation tone 
of the manuals ; the 16-ft. stops as the foundat‘on 
tone of the pedal. It is from these “ foun- 
dations” that he must build up. If he wants 
to brighten the manual 8-ft. tone he will draw 


upon the 4-ft. and 2-ft. stops; if to brighten 
the pedal 16-ft. tone, the 8-ft , and so on. 

The Two Classes of Stops. But 
then there is the question of the individual 
tone-quality of the various stops. That is best 
determined by actual experiment. Still, there 
are certain broad principles which are easily 
stated. Organ stops are of two main classes— 
flue stops, so-called, and reed stops. The flue 
stops include all the open pipes, such as are 
seen on the front of an organ, in which the tone 
is produced by a current of air entering the foot 
of the pipe ; while the reed stops owe their tone 
and their name to the vibration of little metal 
tongues, as in the harmonium and American 
organ. The “reeds” are all enclosed in metal 
tubes ; the “ flues ’’ may be either of metal or of 
wood. It would ocoupy far too much space to 
give a list, with accompanying tone descriptions, 
of the multitude of stops found in large organs. 
Nor is such a description at all necessary in a 
work of the present kind. What the student has 
to note at the outset is that he must start with 
the 8-ft. tone on the manuals and the 16-ft. tone 
on the pedals. These are his bread and butter of 
the instrument, to to speak. As he advances, he 
will want to make experiments for himself—to 
contrast this stop with that other stop; to 
balance one stop on the Great with another on the 
Swell or Choir; to try this or that stop as an 
accompaniment to the “ oboe” or the “ clarinet ;” 
to test the ‘open diapason”’ on the Great or the 
“horn.” on the Swell as a solo in the tenor octave ; 
to see what can be made of the wood stops and 
the reeds in combination ; and to make a hun- 
dred other experiments. This is one of the 
delights of organ study. The stop combinations 
end ‘ effects” are endless, and once the young 
player has surmounted his first technical diffi- 
culties he should make constant tone-colour 
appeals to his ear with every instrument within 
his reach. Mere book knowledge of organ stops 
is us useless to the player as a book knowledge 
of angling is to the man who would catch trout. 

Manipulation of the Stops. Well. the 
stops are there—on the right and Ieft of 
the keyboard. As a rule, when you want 
them individually, you must pull them by 
hand. But it ™ not always cither necessary 
or possible to pull them by hand, and so 
certain mechanical contrivances are made for 
getting them out by the foot. If you look 
below the lowest manual keyboard, just over the 
poe you will see a set of little irons, technically 

nown as “composition pedals.” By means of 
these you can force out a particular combination 
of the manual stops (sometimes the pedal is 
included), the arrangement, as a rule, following 
in crescendo order, from p to ff. Those composi- 
tion pedals are indispensable for sudden changes 
in power of tone, and the student should early 
familiurise himself with their use. But let him 
always remember that he must never sacrifice 
the time or rhythm of a passage in an effort to 
change his stops. “Stops,” says an eminent. 
euthority, “should on no account be changed, 
either by gomposition pedals, pistons, or the 
hand unless it can be done without breaking 
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the time or disturbing the rhythmical form of 
the music.” 

Swell Pedal. As regards the swell pedal, 
not much need be said at this stage. The man- 
agement of a crescendv and diminuendo which the 
swell pedal puts at the disposal of the player is 
not a matter for elementary experiment. For one 
thing, it robs the pedal-board of a foot which 
the young player can ill spare. He may get a 
little more expression, indeed, by his use of the 
swell pedal ; but, on the other hand, it is more 
than likely that he will bungle the performance 
of a pedal passage. Stainer’s rules for the use of 
the swell crescendv and diminuendo ought to be 
impressed on all young players. They are as 
follow : 

“Never use the swell pedal unless the proper 
expression of the music demands a crescendo or 
diminuendo. 

‘* Never sacrifice the proper performance of a 
pedal passage for the sake of using the swell 

eda). 
ms Be as careful of the way you let the pedal 
return upwards as of the way you press it down. 

“Observe carefully the length of the passage 
marked crescendo, and do not get the swell fully 
open till the climar—unless you are prepared to 
carry on the crescendo by adding stops. 

‘The swell crescendo is the more effective if 
not used too frequently.” 

This should be the student’s gospel as regards 
the use of the swell pedal. The bad player never 
has a leg to spare but he uses it in pumping the 
swell pedal up and down, often with the most 
ludicrous and distressing effects. 

Position of Player. A word upon 
another matter. See that you are comfortably 
seated at the instrument. Occasionally the pedals 
are fixed too Jow down for the heels to reach the 
naturals with ease ; sometimes they are sect so 
high that the player’s knees knock against the 
underside of the board on which the manuals 
rest. There is no remedy for these errors of the 
organ builder. But very often you will find, 
when there is any discomfort, that a little adjust- 
ment of the height of the organ-stool will put 
things right. Obviously, a six-foot organist does 
not want a seat so near the pedal board as a 
Zaccheus of the keyboard. Stainer’s is really the 
best test of a good position, and it is this: 

When seated. lift up both feet and hold them 
just over the pedals so that they could play, if 
required, either on the long or short pedal-keys, 
at the same time holding both hands over the 
manuals, so that they could play, if required, 
on any of the manuals cither separately or in 
conjunction with the feet. 

Tf the pupil, while in this position, has an 
uncomfortable sensation that he is likely to 
knock his nose against the desk, the organ-stool 
is too far away from the keys or he is sitting too 
near its edge. 

If the pupil cannot move his knees freely to 
the right and left, the stool is either too near the 
keys or he is sitting too far on it. 

Much has been written about the right sort 
of footgear for the organist. The matter is 

entirely one for common-sense. The player’s 
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ankles should be quite free ; therefore, he should 
not wear boots. A well-made shoe, not too 
heavy nor too slim, with solid, broad heel-pieces, 
and neither too narrow nor too round at the toe, 
is what experience has pointed out as most 
suitable. Very thin soles mean an unnecessary 
strain on the muscles of the foot, and narrow 
heels (such as ladies wear) can never be quite 
sure of the key. There are organists who could 
pedal in Wellington boots, but for the average 
player there is nothing to beat the shoe as just 
described. P 

Practice. Now it seems time to begin 
actual work. In the way of practice material, 
it would, we think, be unwise to attempt to give 
the student anything better or more belpful than 
the excellent exercises written by men whose 
names are familiar in every household. Nine- 
tenths of the organ students of these days 
begin with Stainer’s ‘Organ Primer” (Novello), 
and thereafter, if not conjointly, work through 
the greater part of Rinck’s “ Practical Organ 
School,” as edited by W. T. Best (Novello). 
Nothing could be better for the purpose. The 
Stainer primer begins with a large variety of 
simple exercises for the feet, following these by 
exercises for acquiring the characteristic manual 
touch of the organ; and goimg on, through 
graded stages, to the playing cf hymn tunes and 
pieces, and the more elaborate fugues and other 
work peculiarly associated with the king of 
instruments. Every student of the organ should 
found his practice on this excellent manual, 
supplementing it, perhaps (if he desires to excel 
in pedal work), by Mr. G. E. Lake’s “ Pedal Scale 
Ntudies,” issued by way of supplement to the 
primer, by the same publishers, 

Rinck’s ‘Organ School” is hardly less 
valuable. Most of our cathedral and other 
notable organists have been reared on it, and 
its contents have the recommendation of being 
at once good technical studies and good music— 
always useful to the organist in active church 
work. The “ School” is divided into six parts. 
Tt will depend on the student’s already-acquired 
facility at the keyboard whether he should work 
through the preliminary thirty-six exercises in 
two, three. or four parts, without pedal. These 
exercises are doubtless useful, but they are not 
characteristic, and might as well be played on 
the harmonium or the American organ. We 
would suggest rather that, assuming a certain 
technical familiarity with pedal and manual key- 
boards, a start should be made with the twenty- 
four preludes in the twelve major and twelve 
minor keys, following them up with those in the six 
less ueual kegs of Cf, GD, CF major, and Gt, D4, 
and A § minor (Nos. 37 to 66). ‘‘ In support of my 
recommendation of such exercises,” says Rinck 
himself, “‘ it may be enough to quote the opinion 
of my ever deur master, the late Mr. Kittel, 
organist at Erfurt (the latest living pupil of John 
Sebastian Bach), who strongly advised practice 
in all the keys. The same course of study ig 
also enforced by the father of all organ players, 
the great John Sebastian Bach himself, who, in 
his ‘ Forty-Eight Preludes and Fugues,’ has given 
two preludes and two fugues in each and every 


of the twelve major and minor keys. An organ 
player should obtain such facility in mastering 
every key as to overcome every difficulty, how- 
ever presented.” These are valuable -words, 
and the student should weigh them well. When 
he has conscientiously worked through Rinck’s 
“Thirty Preludes in all the Major and Minor 
Keys,” he will be fit to attack almost anything 
in the way of ordinary organ music. But first 
he must go a certain length through the Stainer 
primer, as is more clearly indicated later. 


Playing with the Feet. The prime 
difficulty with the organ student is that of 
learning to play with the feet. If he already 
plays the piano or the harmonium, the manual 
keyboards of the organ will be perfectly familiar 
tohim. But it is otherwise with the organ pedal- 
_board—the only thing of the kind. That is one 
of the essential] features of the instrument ; o 
feature requiring special study, and_ better 
attacked at once before attempting the com- 
bination of hands and feet. Turn, therefore, to 
the Stainer primer, and look at page 37. 
Stainer’s plan with the beginner—and it is a 
very good plan—is to make him find different 
notes on the pedals by feeling with his toes. This 
is done by discovering the gaps between the 
short keys, corresponding to the open spaces at 
the back of the white keys of a piano between 
BD and CH, and ED'and FY. Just so a blind 
man learns to play the organ, and because he is 
debarred from looking at his feet, as most sighted 
students of the instrument are tompted to do, 
he acquires a confidence which proves his in- 
firmity a positive advantage. 

Stainer indicates the gaps between the short 
keys (in their order from the lower end) by the 
letters U, V, W, X, Y, Z. Jf you thrust your 
foot into V, the flat of the foot will be over the 
extreme ends of the keys K and F; if into W, it 
will be over Band C; and soon. This is what 
you are to do by way of preliminary practice 
in “finding” the notes. Having acquired a 
measure of certainty in locating the keys in these 
spaces, you go on to find the notes lying near them. 
For example, you find W with the left foot ; 
then, after feeling the sides of the short keys BD 
and CE, you draw the foot out and strike B 
firmly and without hesitation. Stainer gives 
three whole pages (pp. 38, 39, and 40) of exer- 
cises in this finding of individual pedal keys 
by the “feeling” process. You must work 
through them, cor iing the pedal to one of 
the manual keyboards, sn that the cye may 
come to the assistance of the ear in deter- 
mining whether you are perfectly right. Do 
not get into the habit of peeping down at 
your feet. That way lies perpetual nervousness 
as a pedallist. 

Position on the Organ Stool. These 
“ feeling ” exercises mastered, you proceed to 
‘the practice of exercises for alternate toes, 
which, as Staincer remarks, will serve the double 
purpose of rendering the ankle-joints elastic, 
and of accustoming you to the measurement 
of intervals on the pedal-board. The three 
pages of exercises (41, 42, 43) in this form are 
made to cover practically the entire range of the 


foot keys. The student will at firat feel himself 
a little uncomfortable as he works down to the 
extreme lower notes or up to the higher notes of 
the pedal-board. He will be tempted to shift 
his position on the seat to “ get nearer them,” 
as students often say. But he must not do this. 
The legs alone must be made to meet the greater 
distance either way. You must keep conscious 
that you are going to the extreme ends, and be 
continually inclining—but only inclining—your 
knees and body in that direction. This gradual 
effort will accomplish it, so that no sudden move- 
ment in the required direction will then become 
necessary. You must be particular to observe 
that you are not assisted in this by the hands, 
whether by resting on the seat or keyboard 
frame, or by manual playing, for you must 
school yourself to accomplish this movement 
without such extraneous aid. But above all, 
you must not shift your position on the seat. To 
do so upsets that subtle process of half-mental, 
half-mechanical measurement of pedal-board 
intervals which the organist finds so essential. 
Fix your position on the seat, and keep to it, no 
matter what part of the pedal-board is being used. 

Pedal Scales. Many organ teachers insist 
on their pupils practising a complete set of pedal 
scales at an early stage of their studies. For 
students who aah to follow that plan there are 
Lake's “‘ Daily Studies and Complete Scales ” 
(Novello) and Pearce’s ‘“ Pedal Scales’ (Ham- 
mond). At tnis stage, however, Stainer’s plan of 
scale passages seems more practically service- 
able. These passages [seco pages 51 and 52) he 
marks for alternate toes, the use of the heel bein 
held over for the present. The student shoul 
understand that the system of alternate “ toeing ”’ 
is always to be preferred whenever it can be 
adopted, as producing a “ cleaner” and more 
certain performance. And he must further note 
that in this «ystem the right foot has always to 
be kept well in front of the left, so that the one 
may pass behind or the other pass in front, as 
the case may be. Thus, supposing you have 
this little passage to play: 
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you will place the left toe well back on the (, 
the right toe well forward on the TD; the left 
will come up behind the right (the heel of which 
is raised a@ little to let it pass comfortably), and 
strike the F.; and so back again to the (. Stu- 
dents often get into the habit of huddling the 
feet together near the short keys, which always 
produces a clumsy and uncomfortable per- 
formance. In working through the Stainer scale 
passages, then, let the pupil aim especially at 
the arquirement of facility in pedalling thus with 
alternate toes. One must candidly admit that it 
is somewhat monotonous playing on the pedal- 
board alone, but the drudgery is inevitable, and 
must be faced by all serious students of the king 
of instruments. It is sheer waste of time for the 
mere beginner to attempt the union of hands 
and feet while he is still unable to use the feet 
alone. 
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Manual and Pedal Keys. Having 
gained a certain facility in the use of the foot 
keys, the next thing is to attempt a combina- 
tion of manual and pedal keys. This sounds 
much easier than it usually proves to be. It is a 
curious fact, which you may readily demonstrate 
for yourself, that the feet generally want to go 
the same way as the handican the left hand 
especially. An old master was fond of illustrating 
this to his pupils by making them write the 
capital D, with its turn to the left, while the 
foot was at the same time tracing a half-circle in 
the opposite direction—towards the right. The 
student may make test of the letter performance, 
or he may try playing this—the upper part with 
the left hand on the manual, the lower part on 
the pedals : 





\ 

If he does not feel that he would like to have 
the feet going in the downward direction of the 
fingers, he may consider himself lucky. In any 
case, he must aim at complete independence 
between hands and fect, for which special purpose 
he will study, as a beginning, the five exercises 
printed by Stainer on pages 56, 57, and 58. They 
are called “‘ easy.” but the student must not feel 
discouraged if he finds that they do not answer 
to this description in his case. To play from 
three staves, the right hand on one manual, the 
left hand on another, and the pedal in addition, 
is by no means “easy” to the beginner at the 
organ. The best and shortest way of getting 
over the difficulty is to make sure of the manual 
parts first ; then take the pedal part, first with 
the right foot alone, and next with the left 
foot alone. Finally, take all three together. 
With regard to the manuals, see that you have 
the tone-quality sufficiently contrasted to make 
each part stand out distinctly. Thus, if you 
take the right-hand part on a flute stop in the 
Great, you might take the left on a reed in the 
Swell. It is preferable in these exercises to 
couple the pedal to the Great key board. 

ouch. At this point it may be well to say 
something about the manual touch of an organ. 
This differs from the touch of @ piano in several 
respects. First, as Stainer puts it. an organ key 
is pressed down, not exactly struck, as on the 
piano, Next, the loudness or softness of the tone 
Ix quite unaffected by the force used by the finger. 
In some organs (those of older make chiefly) 
the touch is abnormally “heavy”; in others, 
it is abnormally light—so light that the weight uf 
a feather will almost make the key sound. Again, 
there are instruments in which the touch of one 
manual is different from that of the other 
manual or manuals. In view of this fact, there 
is a recognised rule that the player should adjust 
his touch to the heaviest manual. If he doesn’t 
do this, he is in some risk (when changing from 
the lighter to the heavier manual) of passing over 
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one or more keys without producing any sound. 
On the whole, however, the touch of the modern 
organ is a light touch; and in that respect 
Stainer's remarks on page 44 are coming to have 
less and less application in actual practice. 
Having mastered the “easy” exercises for 
producing independence of hands and feet, we 
are now ready to look at the method of “‘ toeing 
and hecling ” the pedal-board. This method has 
to be called into use on two accounts. First, 
the free introduction of the short keys makes it 
necessary ; and, sccond, there is the frequent 
withdrawal of the right foot for the manipulation 
of the swell pedal, making such a use of the heel 
abeolutely imperative. Of course, In many cases 
it is a question whether toe and heel shall be 
used, or only alternate toes. Thus, Stainer 
marks as follows (it is understood that marks 
above the stave mean the right foot and marks 
_ ic left): 
0 


ae e eat r al 


But there is no reason why this should not be 
played by alternate toes, heginning with the left 
foot. The one method is indeed more com- 


fortable than the other. Take, however, the 
following : 


Ss 





cn a cD 


Though it is quite possible to play this with 
alternate toes, it is much more easily played 
with a combination of toc and heel : 


e] A Oo 





When both feet are free, it is therefore a case 
of choosing that form of pedalling, as to toe and 
heel, which is most comfortable and best calcu- 
lated to produce a smooth and certam per- 
formance. 

Expericnce will teach the player many tricks 
of pedalling—will show him, indeed, many 
instances in which a passage may be most 
easily played by ignoring all the rules. For the 
present he will do well to “stick to Stainer.”’ 
The toeing and hecling exercises printed on 
pages 59 and 60 are sufficiently comprehensive, 
and when the student has completely mastered 
them he will have laid the foundation of the 
hest possible methods of pedalling. They should 
he followed up by the five valuable exercises 
for giving still further independence of move- 
ment to hands and feet. These are in two parts 
only, the left hand being almost solely concerned 
with the manual part. The series of easy trios 
numbered 91, 92, and 93 embody the work done 
up to this point, and will be found an admirable 
test of the student’s progress. These latter may, 
with eminent advantage, be followed by a careful 
study of Albrechtsberger’s ‘Twelve Trios,”’ 
edited by Arthur W. Marchant, and published in 
Novello’s series of Musical Primers. Stainer 


himself approved of these trios being issued as 
a supplement to his “Organ Primer.” 

Fingering. Up to this point nothing has 
been required to be said about any special method 
of fingering for the organ. Each hand has had 
only a single part to deal with, and the fingering 
has therefore been (as it will be in all such cases) 
essentially the fingering of the piano. But there 
is very little organ playing of this kind. It is 
rarely that the organist has not two parts in 
each hand, and while the pianist may turn his 
thumb under the fingers and the fingers over the 
thumb, the organist has to adopt quite another 
method. This is known as the legato style, and is 
obtained by changing the fingers on the koys 
without repeating the sound. The subject is 
dealt with pretty fully in the HARMONIUM AND 
AMERICAN ORGAN lessons, and to its treatment 
there the organ student may be referred. 

The pianist studying the organ will find it some- 
what difficult to acquire the legato style, and 
will, indeed, often be tempted to ignore altogether 
this, its most essential characteristic. The 
disjointed effect produced by fingering the organ 
by any other method is, however, so intolerable 
to the ear that no person of real musical taste 
will ever entirely shirk the very necessary prae- 


tice of finger substitution. On the piano you may 
“run up” ascale in thirds without any changing 
of fingers and yct not outrage the ear; but such 
a scale can be satisfactorily played on the organ 
only in some such way as this: 


ie ae. 
3 3 4 
_1 ] 





For acquiring this legato style, the peculiar 
beauty of the organ, there is nothing better than 
the Stainer Exercises Nos. 94 to 108. No pains 
should be spared to get them done in the most 
finished manner possible. It is difficult at first, 
no doubt, all this tinger changing; but the 
student will find that by-and-by the fingers 
will shift for themselves without waiting for 
the direction of the player's will—in other 
words, they will shift by instinct. It should 
be added, perhaps, that it is occasionally neces- 
Bary, in the interests of a very smooth per- 
formance, to substitute one foot for another on 
a pedal key. This is eaily done when the key 
is a long one; happily, it rarely needs to be 
done on a short key, where it is naturally more 
difficult. 

Expression. In all his clementary work 
at the organ the student will require to think 
more of “ getting the notes right’ than of the 
expression of the music. As he gains facility, 
however, he will want to acquire the command 
of such resources as his instrument affords in the 
matter of expression. These resources, un- 
fortunately, are curiously limited. The organ 
is admittedly deficient in this respect—namely, 
that the player cannot influence the intensity 
of the tone by the character or force of his touch. 
Stainer mentions four sources of expression 
as being at the command of the organist : (1) The 


art of phrasing; (2) the contrast between 
legato and staccato; (3) the selection of the 
or ; and (4) the use of the swell pedal. 
he first two belong, however, rather to 
advanced musicianship, while as to the third, 
it can hardly be said to come under the head of 
expression as generally understood. Practically, 
expression consists mainly in gradations of the 
tone intensity, and in flint respect the organ 
layer has to depend mainly on the swell pedal. 
he use of this indispensablo piece of mechanism 
has already been reforred to, at a stago at which, 
however, it would not have been advisable 
to advocate its employment. Assuming that 
thero is a pedal part to play, it is clear 
that the young organist cannot  offectively 
control the swell pedal unless he is able to mani- 
ulate the pedal-board with the left foot alone. 
he swell crescendo and diminuendo should 
therefore be held in abeyance until the student 
has acquired that expertnoss in tocing and heeling 
which the use of one foot implies. Of course, 
where there is no pedal part, this restriction 
does not apply. 


Church Music. In taking up tho study 
of the organ, most persons have in view the 
securing of a church appointment, either as 
amateur or professional. As the basis of an 
organist’s church work is the playing of psalm 
and hymn tunes and chants, it will be well 
that the pupil should now address himself 
to this important branch of study. Simple as 
it appears, it could not be taken up at an earlicr 
stage—first, because of the pupil’s practical 
unfamiliarity with the pedal-board ; and, second, 
because the legato style of fingering, which is 
alone used in this sort of work, had not been 
acquired. Assuming a fair command of the 
instrument in these respects, the troubles that 
will present themselves now will be those of 
“reading” snd playing from four parts, and of 
adapting the system of finger substitution to 
the rendering of two parts by each separate hand. 

As regards the “reading,” very little need be 
said here. It is chiefly a matter of practice, in 
which a knowledge of harmony and the general 
laws regulating part-writing prove of immense 
assistance. To the pianist or the unpractised 
organ student it is by no means easy at first 
for the eye to “take mn” four parts at once. 
But one soon acquires this very necessary facility 
in reading when the mind is brought to help the 
eye ; for chordal combinations and progressions 
as secn in hymn tunes aro limited, after all, and 
familigrity comes with continued repetition. 
It 15 @ good plan for the student to take some 
popular collection such as “ Hymns Ancient and 
Modern,” and work through it entirely as an 
exercise in reading. He need not waste time 
at the organ in doing this if he has-a keyboard 
instrument—harmonium, American orgen, or 
piano—in his own rooms. 

There is one important point to be observed. 
Hymn tunes are written for voices—treble, 
alto, tenor, and bass. In playing them (without 
pedals) the organist takes the treble and alto 
with the right hand, the tenor and bass with the 
left. But the composer does not consider the 
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player’s convenience in the “ distribution ” 
of his parts, and hence it often happens that o 
is or notes belonging to the tenor have to be 
taken by the right hand, and a note or notes 
belonging to the alto by the left. Stainer 
illustrates this in the following simple way : 


Written 
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Played 
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Now end again it heppens also that a chord 
as writen for the voices cannot be played at all 
Thus, as at (a): 


(a) (0) 


as it stands. 





In such a case the plan is to transpose the 
unreachable inner part note an octave higher, 
always provided it does not, when so transposed, 
become higher than the treble. Thus the un- 
playable (a) becomes the playable (4). 


Legato. As regards the system of finger- 
releasing essential to the legato style, thet will 
be found rather irksome at first when applied 
tu the rendering of four-part harmony. But 
the difficulty must be pot over, and persistent 
practice is the only “royal road.” Let the 
student keep ever before him this one important 
rule, that while notes helonging to inner parts 
(tenor and alto) may be “ jumped,” every note 
in an outer part (treble and bass) must have a 
finger ready for it. Of course, when the pedals 
are used for playing the bess, the difficulties of 
tinger-releasing are much minimised as regards 
the left hand, which then (ordinarily) has only 
the tenor part to play ; but no student should 
be satisfied with himself unleas he can play all 
four parts with the hands alone in the true legato 
style, which is the characteristic beauty ‘of the 
organ. Stainer gives just three exercises toward 
this end (Exercises 110, 113, 116), but they are 
sufficient to show the student what is required of 
him as a preliminary to any satisfactory render- 
ing of psalm and aan tunes and chants. Thoy 
should be practised assiduously until they can be 
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played with as much ease as an automaton 
might play them. 

Hymn Tunes. But, of courge, the 
organist does not always want to play his psalm 
or hymn tunes on the manuals alone. He wants 
to use the pedals, too ; for if he didn’t he might 
as well be playing a harmonium or an American 
organ. And this brings us to the various ways in 
which a hymn tune may be played on the 
organ, a8 illustrated by Stainer in Exercises 
111, 112, 114, and 115. We may call the playing 
ot the tune on the manuals alone the first way 
The second way (Exercises 111 and 114) shows 
the treble and alto assigned, es usual, to the 
right hand, the tenor to the left, and’ the bass 
to the feet. In this manner, great care must 
be taken, as Stainer observes, to prevent the 
left hand from doubling the pedal part. It will 
usually want to do so, especially if the student 
hes beon accustomed to play hymn tunes on 
a manual keyboard alone. In actual church 
work the bass is often taken by the pedal an 
octave lower than written, and in that case the 
left hand takes it as it ¢s written, along with 
the tenor part. 

In the third manner (Exercises 112 and 115) we 
see the treble part played as a solo, with the 
alto and tenor assigned to the left hand and the 
bass to the pedals. This is the most difficult 
of all the three forms, the chief trouble boing, 
alike as regards “reading” and execution, 
to get the alto and tenor together in one hand. 
As a matter of fact, the organist has here both 
to ‘arrange’ his music and to play it. Very 
often he will find that the left hand is unable 
to cover the interval between the alto and tenor 
parts, in which case the two notes ‘‘ must be 
inverted, or played in any position most con- 
venient.” This “ soloing ’’ out of a hymn tune, 
as it is called, not only gives a pleasing change 
from the more common methods, but it 18 useful, 
in the case of an unfamiliar tune, in so far as it 
puts the melody prominently before the con- 
gregation. In all such cases, it necd hardly be 
paid, a stop or htops must be used which will 
make the melody “stand out’? much more 
clearly than the accompanying parts. 

Stop Combinations for Hymns. 
Thus, you might * ‘give out” a tune on the 
Swell “ Oboe,” accompanied by the Great or 
Choir ‘“ Dulciana” or “Stopped Diapason ” ; 
or you might use the Great “ Open Diapason,” 
accompanied by the Swell “ Oboe” and one 
of the Diapasons. There are, in fact, endless 
wayh of “giving out” a tune as regards stop 
combinations. ‘These are for the player himself 
to discover. Mcanwhile, as a student, he will 
find that it is quite enough to get the notes right 
in the particular ways indi¢ated by his tutor. 
He will, of course, work through all the Stainer 
Exercises (110 to 116) meant to give him 
command over the various styles of chorale and 
hymn-tune playing. When he has finished 
these (which are specially arranged for him), 
he should attack his ordinary hymnal again, 
and, selecting, say, a dozen well-known tunes 
from it, proceed to play them in the various 
ways which he has just been studying. This is 


the more advisable, as when actual church work 
comes to be done, it will be from the hymnal 
arranged for the voices, and not, as in the 
case of the tunes in Stainer, for the organ. 

It is at this stage that Rinck’s “ Practical 
School for the Organ,” which has been already 
referred to, might be taken up with advantage. 
Many organ teachers begin with Rinck, but 
Rinck assumes, much more than Stainer, that 
the student can already play on a keyboard instru- 
ment. The first section of his “School” includes, 
indeed, thirty-six ‘‘short and easy” exercises 
in two, three and four parts for the manuals, 
but these are not fingered and there is nothing 
to indicate the necessary legato style. The 
pedal exercises, again, are hardly such as a 
beginner can benefit by. But, having mastered 
his Stainer so far, the student would find it of 
real value to himself to work through the 
“Thirty Preludes in all the Major and Minor 
Keys” of Rinck’s opening section. Jt is a 
pity, perhaps, that the pedal part is left without 
any indication of toeing and heeling. But the 
student, from what he has already learnt, can 
readily add these marks for himselt, and thinking 
them out will do him # world of good. How to 
pedal this (from No. 37), for example, will lead 
to some interesting little experiments : 


es 3543 Se 
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Tt can be done quite neatly in two or three 
different ways, and the question for the student 
will be which way he is to adopt. Hence, 
perhaps, it was better that Rinck did not mark 
his pedalling. Students who take up Rinck at 
the beginning generally have his exercises marked 
for them by a professor. Assuming Stainer 
beforehand, the student can casily “ mark” 
for himself. At any rate, he should get through 
these thirty preludes. They are invaluable in 
many ways, and not Jeast for their covering of 
all the less familiar keys. Students are apt 
to stop short at four flats and four sharps, but 
an organ-player should obtain such facility 
in all the possible keys as will enable him 
to overcome every difficulty, however — pre- 
sented. 

After these Rinck preludes have been mastered 
a return might be made to Stainer, taking up the 
five short pieces (Nos. 120 to 124) intended to 
represent different styles of organ music and 
to give the pupil a wider sphere of practice 
before attacking the classical works of the 
great masters who have written specially for 
the instrument. But these should be studied 
concurrently with the third and tourth parts 
of Rinck, which embrace a scries of thirty 
postludes, or concluding voluntarie», m_ the 
fugue style, all admirably calculated to add 
to the young organist’s facility in the use of 
the manual and pedal keyboards. Rinck, in- 
deed, though some regard his style as old- 
fashioned, ought to be the young student's 
daily bread, so to speak. Stainer’s work is a 
primer, and cannot be expected to exhaust 
the subject. 


A Reliable “School.” As a royal 
road to thorough and “legitimate” organ- 
playing in all styles, there is no other “ school” 
which will bear comparison with Rinck. A 
beginner who has been founded on Stainer 
can follow no better course than go through 
him slowly, allowing, say, threo months for cach 
book. “ Rinck’s name,” wrote tho late Sir 
Herbert Oakeley, Professor of Music in Edin- 
burgh University, “ will always live as that of 
a safe guide towards the formation of a sound 
and practical organ-player ; his works comprise 
many artistic studies.” Again, the illustrious 
French critic, F. J. Fetis, wrote: ‘In the com- 
position of music for the organ the talent of 
Rinck was of a character peculiar to himself. 
His clegant and simple style was generally 
noble and dignified. His harmony has much 
sbout it that is uncommon and unexpected ; 
his melody is sweet and touching. He did not 
try to write difficulties : his evident object was 
to work for provincial organists, to form their 
tastes, and to perfect. their studios.” This is 
no exaggeration, and the words are quoted by 
way of stimulus to the student who is secking 
to acquire a real command of the instrument 
upon which Rinck himself was so distinguished 
an exocutant. 

It is possible, of course, that some students 
who have gone through their Stainer will not 
care for the rather more severe, ecclesiastical 
style of Rinck. In that case they might con- 
tinue their studios by means of Archer’s “ Organ 
Book” (Novello), one of the best and most com- 
prehensive manuals of its kind. It continues 
exhaustively and thoroughly the admirable 
work which has been outlined in the Primer, 
so that a student who plods steadily through 
it feels, after he has done, that very little more 
can be pointed out to him in the way of instruc- 
tion. Mucu of the work must, of necossity, be 
dry and technical, and as such, may not interest, 
the student. There are, however, many picces, 
both short and long, in the work of considerable 
musical intorest, though generally somewhat 
difficult. There are also Best's two volumes, 
first-rate both in) design and execution ;— the 
one for manual work, the other containing an 
exhaustive set of pedal exercises’ and studies, 
On the whole, it will be best for the student who 
desires to supplement his Stainer to ask at a 
music-seller’s for a sight of the works just named, 
and choose that which makes the strongest 
appeal to him. Students are of such different 
capacities and of such different tastes that it 
would be toolibh to Jay down any hard and fast 
rule in a matter of this kind. 


Organ Compositions. But what «about. 
nieces” 2 it may he asked. For even the most 
serious student desires oceasional relief from 
exercises and studies, so-called. Well, notwith- 
standing all thet has been written for the instru- 
ment, there is nothing better for accompanying 
the purely technical side of the young organist’s 
training than a course of Henry Smart. Smart's 
organ compositions are published by Messrs. 
Novello, in twenty-two numbers. They embrace 
several styles, and run from easy to very difficult 
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music. The easy pieces can be attacked as soon 
as the player is familiar with the pedal-bourd, the 
fingering of the instrument, and the manage- 
ment of the stops. The same composer's 
‘“Organ Student ”’ (Boosey) might also have 
attention. Smart’s ‘ easy” pieces, an authority 
has rightly said, are specially fitted as studies for 
students wanting to acquire the true “ organ 
touch” on pedals and manuals. Indeed, a 
learner who knows his rudiments may find in this 
master’s organ music a progressive school of the 
very best kind, provided only some judicious 
friend points out in what order the various picces 
should be taken. A beginning should be made 
with No. 19 of the Novello set, after which might 
om Nos. 11 and 13; No. 18 is an easy march 
in G. 

The Great Composers for the Organ. 
Along with these may be named the ‘“‘ Twenty- 
four Sketches” of Dr. E. T. Chipp; Hesse’s 
** Organ Book,” edited by Gladstone ; the “ Thirty- 
six Short and Easy Voluntaries,’’ by Dr. C. J. 
Frost ; and the several books of organ pieces by 
Dr. George Calkin. The latter are very melo- 
dious, and many of them are comparatively casy. 
And then, of course, there is Sebastian Bach. 
Bach is the king of all writers for the organ. For 
acquiring technique there is nothing like his 
preludes and fugues. The “‘ Eight Short Preludes 
and Fugues ” form a kind of school in themselves, 
though the student had better delay attacking 
them until they are fairly within the measure of 
his capacity. They can be suitably followed by 
some of the large fugues, such as the short E 
minor and the one in E), known as the “St. 
Ann.” As there are many editions of Bach, it is 
advisable to say that the best is that edited by 
the late W. T. Best (Augener). Very good, also, 
though less easy to read, because more crowded 
on the plates, is the edition of Sir J. F. Bridge 
and Mr. James Higgs (Novello). Both editions 
are fingcred and marked for pedal where necessary. 

After Bach, among the great composers for the 
organ, comes Mendelssohn, whose little collection 
of precludes and organ sonatas ought to be on 
every advanced student’s desk. The short 
movements of the organ sonatas should be taken 
first, and followed by the Prelude and Fugue in G. 
The easiest of the sonatas is the one in C minor, 
which makes a capital study “piece.” Among 
what may be called the minor classics may be 
recommended the works of Merkel, Guilmant, 
Wely, Salome, Batiste, and Dubois. Of course, 
these are mercly suggestions for helping the 
student on his way. A list of “ suitable” organ 
pieces could be made to fill many pages of this 
work ; and, after all, the advanced student is best 
allowed to consult his own preference, which he 
can readily do bysecing the music before buying it. 

Church Appointments. Ninety - nine 
out of every hundred students of the organ want 
to secure a church appointment. This is only 
natural, for where but in church can the 
organist make practical application of the art 
he has attained? There are the big concert 
halls, of course, but these are among the prizes 
of the profession, not yet to be thought of by the 
young player. One great advantage of a church 
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appointment is that the organist secures, as a 
rule, the full command of an instrument for 
practice. Indeed, in the vast majority of cases 
outside the very large towns, this is almost the 
only way in which a player can get unlimited 
ractice. Even in the large towns it is costly to 
ire the use of an instrument, and the enthusiast 
who desires to “ get on’”’ will often find it to his 
advantage to accept a post, when he is competent 
for it, at a merely nominal salary—nay, at no 
oe aty at all—solely for the practice it will bring 
im. 

Generally speaking, the Dissenting churches 
offer the easier posts for the young organist, the 
musical services there being so much pert ae 
than in the Church of England. In the village 
churches the technical requirements are probably 
about equal, but young players not accustomed 
to it are ee to find the chanting of the prose 
psalms and the canticles a difficulty. Still, a 
Churchman will not readily give up his own 
‘““Communion,” and after all, granted an ade- 
quate competence to begin with, there is much 
more to advance the player in the Church of 
England than in the Nonconformist services. 


Choir Training. A post in either case 
is alike in one important particular—namely, 
that it demands some little ability and experi- 
ence in choir training. This is a matter which is 
too often, and very absurdly, taken for granted. 
It no more follows, of course, that because a man 
can play the organ he can drill a choir, than it 
follows that a man who makes billiard balls can 

lay billiards. Every student of the organ who 
ooks forward to a church appointment should 
make a special point of acquiring a practical 
knowledge of choir training. It is not a thing 
that can be gained by reading. The best plan 
—assuming the student to have a serviceable 
voice—is to become a member of some church 
choir directed by an organist who excels in this 
branch of his art, and watch carefully his 
methods. The subject of voice production 
should also be studied, and special attention 
given to the important side subjects of articu- 
lation and expression. A choir must bo drilled ; 
and the unfortunate thing for the young and 
inexperienced organist is that the more modest 
his appointment, the more necessary, as a rule, 
does this drilling become [see CHotrs]. Helpful 
works on “Church Choir Training” and on “‘ The 
Art of Training Choirboys”’ are published in 
Novello’s Music Primers serics. The student will 
find it of service to consult also “Common 
Praise,” by F. G. Edwards ; “ Organs, Organists, 
and Choirs,” by E. Minshall; and “ Studies in 
Worship Music,” by J. Spencer Curwen. 

A word or two as to the financial side of church 
appointments. The organist is, as a rule, still 
miserably paid in England. Especially is this 
the case in the Church of England, where salaries 
of £40 a year are common, and salaries of £80 
quite uncommon. (ften, the sum offered does 
not exceed £20. In the Scottish Presbyterian 
churches the salaries are somewhat more in 
accord with the duties and abilities demanded. 
Good churches pay from £60 to £80, and salaries 
running into the three figures are not unknown. 


As regards appointments abroad, not much nerd 
be said here, because such appointments are 
generally applied for and obtained by men of 
experience. South Africa does not offer a very 
tempting field, unless it be in places of good size, 
where the English congregate—places like Cape 
Town, Pretoria, Johannesburg, and Port Eliza- 
beth. The States would seem a better field, for 
there organists command much higher salaries 
than the average run in England, though this is 
Jargely counterbalanced by the greater expense 
of living. But the professional can usually take 
care of himself in these matters. We write chiefly 
for the amateur, and the amateur organist will 
probably look rather to the opportunities of his 
appointment than to its finances. 

Service Accompaniment. In _ the 
accompaniment of the services, whether simple 
or ornate, the organist will find plenty of scope 
for the exercise of his technique and the exhibi- 
tion of his musical taste. It is hardly possible 
to teach an organ student to be a really efficient 
accompanist unless he is endowed with certain 
gifts in that direction. Much help may be obtained 
from the works of Messrs. Edwards and Minshall, 
previously mentioned, and there is also the 
primer on “Organ Accompaniment,” by Sur 
J. F. Bridge, the organist of Westminster Abbey. 
In every detail, let the organist remember that 
the function of his instrument is to accompany, 
and not to lead, the singing. A player who 
continually uses the full power of the organ, 
drowning the voices in a tempest of noise, mis- 
takes entirely the nature of his duties, besides 
showing a lamentable lack of artistic sense. 

Voluntaries. The question of volun- 
tarics is important, not so much from a technical 
point of view as because of the influence which 
the voluntary may have in helping or hindering 
the devotional feelings of the congregation. 
Broadly speaking, the opening voluntary should 
be of such a character as will put the people “ in 
tune,” as it were, for the service which is to 
follow. In other words, it ought to be quict and 
restrained, without any undue obtrusiveness of 
technique, without suggestions of secularity. 
The closing voluntary, on the other hand, may 
draw upon all the resources of the instrument 
and all the resources of the player's technique, 
provided always that it is not in flagrant «on- 
tradiction to any special character that may have 
manifested itsclf in the preceding service Thus, 
it would be outrageous to follow an appealing 
discourse on the sufferings and death of our Lord 
with some piece of “ fireworks’ drawn from the 
flimsy French school. Young players seldom 
“think on these things; ” but they may be 
assured that these things are of essential import- 
ance. 

In a large majority of cases it will be safe 
for the organist to fix upon his closing voluntary 
beforehand. But he ought always to have some 
pieces of a varied character on the desk for 
anything special and unexpected that may 
have come from the pulpit during the service. 
As Pope said long ago, some to church repair, 
“not for the doctrine but the music there,” 
and ‘‘ a song may find him who a sermon flies.” 


Therefore, give special attention to the question 
of voluntaries. 

Postludés. The young organist who has 
gone so far with us will have little difficulty in 
selecting a list of suitable voluntaries. The name 
of such pieces is literally legion. Opening volun- 
tarics are especially plentiful, and not even a 
tentative list of these need be attempted here. 
The player should look up the list of 84 pieces 
printed by Edwards on pages 189-190 of his 
““Common Praise.” Concluding voluntaries are 
in slightly different case. Young organists 
often complain that they have trouble in obtain- 
ing short, bright postludes. They find the better- 
known postludes too long, the church being 
empty before these are half played. The 
following—among many others—should meet 
requirements in this direction: Postlude, A. 
Boyse ; Scherzo, A. Boyse; Minuet and Trio, 
Baptiste Calkin ; Festal March, Dr. Bunnett ; 
Minuetto, G. Calkin; Postlude, G. Calkin ;° 
Marches Nos. 1, 2, 4, 5, 8, 17, 18, 20, 21, 22, 
Dr. C. J. Frost ; March in C, Lefebvre Wely ; 
Religious March in E), Macfarren ; Six Marches, 
Gustav Merkel; Postlude in ©, H. J. Stark ; 
Thirty-six Brilliant Postludes, Dr. Volckmar, 
in three books ; Seven Festival Postludes, Dr. 
Volekmar. 

To these might be added: Postlude in D, 
Merkel; Postlude in TD, Berthold Tours; 
Postlude in A, H. J. Stark ; Twelve Postludeos, 
Dr. ©. Vincent ; Postludes in C minor, Pro- 
fessor Prout ; Introduction and Fugue, E. Silas ; 
March in BD, E. Silas; Offertoire in G minor, 
Wely ; Homage & Mozart, Baptiste Calkin ; 
Postlude in C, Henry Smart. For those who 
like marches there is the classical ‘ March 
Album,” published by Augener. Much _ of 
Rinck’s “ Organ School ” is eminently suitable 
in this connection, and, of course, Bach must 
not be forgutten. Players of modest abilitios, 
who want a single collection from which to draw, 
can hardly do better than with ‘‘ The Village 
Organist "’ (Novello), of which a long and. in- 
teresting serics has now been published. 

Extemporisation. The art of cxtem- 
porisation, of “ creating and performing music 
ut one and the same time,” is less practised now 
than it used to be. It is, however, of great 
value to the church organist, who has frequently 
to “create ’ little bits of music to fill up gaps 
in the service, to extend his voluntaries or 
‘‘round them off” in the middle, to improvine 
introductions to anthems, and so on. It is 
often contended that. extemporisation is a gift ; 
but this is only partly true. Fancy, or the 
power of imagination, as one has said, is un- 
doubtedly a gift, and to this power the player 
must turn tor the énvention of his original 
themes and of the phrases and figures that he 
will need in the development of his movements. 
But then, beyond the power of imagination, 
there is the great power of development on 
which the player must depend to work out 
from this created theme the completely balanced. 
movement. And that ix an art which may 
certainly be attained by properly directed 
study. 
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We cannot pretend to “ teach ” extemporisa- 
tion here—no writer can pretend to teach it 
anywhere. At most we can only offer a helpful 
hint. He who would study the subject prac- 
tically and in all its details can have no safer 
guide than Dr. Sawyer’s ‘‘ Extemporisation ”’ 
in Novello’s Primers. The subject is there 
dealt with in two sections—firstly, the extem- 
porisation of the theme; and, secondly, the de- 
velopment of the movement from such theme. 
From Dr. Sawyer the player will learn how 
to extomporise short preludes and long preludes ; 
how to “vary” a given theme; how to ex- 
temporise marches, and postludes, and even 
fugues, the most difficult of all forms to “ create”’ 
on the spur of the moment. It need be hardly 
added that extemporisation implies a thorough 
knowledge of harmony and musical “form.” 
Many young organists who attempt it are 
without this knowledge, and so ramble on in 
an incoherent way, without aim or design of 
any kind, to the pain and disgust of many who 
are compelled to listen tothem. No effort of this 
nature can be called extemporisation, since it is 
not music, which alone “ attains its power and 
effect over mankind by the directness and force it 
contains in the perfection of its rhythm, the 
even balance of its parts, and the complete con- 
nection of its varied sections.” Every organist 
ought to practise extemporisation in private for 
a long time before attempting it in public. 


Organ Recitals. The player who has 
been fortunate enough to secure an appointment 
with the command of a fairly good organ will 
naturally want to give an occasional recital. 
Here he has something definite to “ work up to,” 
and the knowledge that he is to play a selection 
of pieces to an audience specially assembled to 
hear him will stimulate to a greater degree of 
finish than is generally held to be demanded 
by the ordinary Sunday voluntary. The art of 
making up a recital programme is not to be 
taught on paper. The great aim should be to 
secure as much variety as possible in the 
character of the pieces chosen. There ought 
to be a due admixture of loud pieces and soft 
pieces ; the more severe style (say, of Bach) 
should be contrasted with some lighter style ; 
a good march might be thrown in, and perhaps 
a piece which affords the player peculiar scope 
for proving his command of the technique of 
his instrument. The solo stops will not be 
neglected. Thus, if the player's instrument 
boasts a fine “clarinet” or a fine ‘ oboe,” he 
will see to the inclusion of some piece or pieces 
calculated to show it off, as the saying is. 


The recitalist. should try to have a fugue by 
Bach as representing the most solid of all styles of 
organ music. A Mendelssohn sonata is also con- 
sidered the right thing by many organists. Some 
like a Handel concorto, too—the Fifth and Sixth 
are tho casiest, if the player wants to know. 
Qf the more modern German school, Rheinberger 


and Merkel are specially commended, though 
Rheinberger is somewhat heavy for the average 
recital audience. Of the English school, Smart, 
Lemare, and Hollins, among others, should 
have attention. The French school may be 
drawn upon for the light style, though much 
of the work of Guilmant, Salome, Widor, Dubois, 
and others answers to something higher. Batiste 
and Wely are brilliant and showy, and have the 
advantage of being comparatively easy to play. 
Of “ arrangements,’”’ so called, the number is 
endless. Some purists condemn these entirely, 
insisting that recital programmes should be 
made up exclusively of music specially com- 
posed for the organ. But the average audience 
has to be considered, and an effective rendering 
of, say, “The Better Land” or the Mascagni 
** Intermezzo ”’ will often give pleasure where a 
“legitimate ” organ solo would fall flat. 
Recital Selections. But the young 
player who has been so far guided entirely by 
these lessons may rightly ask us to expressly 
name a list of recital pieces. Bach and Men- 
delasohn being assumed, take, then, the follow- 
ing: ‘* Occasional”? Overture (Handel); Bar- 
carolle (Sterndale Bennett); Priere ct Berceuse, 
Cantilene Pastorale, and Grand Chur in D 
(Guilmant); Fantasia in C (Berthold Tours) ; 
Postlude in E> (Wely); Cantilene in A minor, 
Pastorale in G. and Offertoire in DD (Salome) ; 
Andante Grazioso in G, Quasi Pastorale in G, 
Tenor Song in BD, and Grand Festive March in 
D (Smart); Andante and Allegro in D (F. E. 
Bache); Offertoirc in D minor and “The Pil- 
grim’s Song of Hope ”—Andante in G—(Batiste) ; 
March for a Church Festival (W. T. Best) ; 
Fanfare in D, and Triumphal March (Lemmens) ; 
Toccata in G (Dubois); Grand Chour in A 
(Salome) ; Evening Bells (Chauvet); Pastorale in 
E (Lemare); Communion in F (Grison); Over- 
ture in E (Morandi). This, it must be insisted 
again, is the merest apology of a list. The 


~ young organist should see as many recital 


programmes as he can, in search of further 
hints. A selection is published every month 
in * Musical Opinion,” and every large town 
has its experienced recitalists whose pro- 
grammes should never be missed. At the same 
time it is, of course, advisable that the recitalist 
should not be always playing the things that 
other organists are playing. The choice of 
pieces is extensive enough to enable every player 
to he original, if he will. 

Some Practical Hints. We close with 
the practical hint that the organist should 
acquaint himself thoroughly with the mechanism 
of his instrument, and learn how to tune it and 
to “regulate” the defects which are almost 
inevitable in so complicated a machine. These 
acquirements are specially necessary in small 
towns and country districts where a professional 
organ tuner cannot readily be obtained. The 
more he reads about his instrument and its 
repertoiro, the more intelligently he will play. 


Organ concluded 
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The New Science of Life. 





By Dr. 


WE turn now, with daring but not without 

hope, to that great study which is the crown 
and end and aim and synthesis of all the lower 
sciences. From a narrower point of view such a 
description might be applied to the science of 
medicine in its widest sense, and there is this 
much of instruction to be gained from the com- 
parison between medicine and sociology—the 
common explanation of their difficulty. In study- 
ing one of the basal sciences, we have no very 
numerous assumptions. We build our own founda- 
tions, and are not at the mercy of criticism from 
without. Qn the other hand, there are more 
complex sciences which depend entirely for their 
foundations upon the foundational or funda- 
mental sciences. ‘There was no possibility of a 
rational medicine when chemistry, physiology, 
and anatomy had no existence; yet medical 
knowledge was needed, and men had to do their 
best to acquire it, even though the conditions 
which made such acquirement possible were 
unfulfilled. ; 


The New Science of Society. Simi- 
larly, the science of society has always been 
needed by men. Mrn, as we shall see, is a social 
animal, and his happiness is gravely affected by 
the manner of society in which he lives. Thus, 
as death and disease have always necessitated 
medicine of sorts, even when the foundations 
of a rational medicine were non-existent, the 
necds of human life have always necessitated 
xome kind of sociological practice, even when the 
foundations for a rational sociology were non- 
existent, and not even conceived of. Thus, the 
initial fact, which must surely interest us, is the 
extreme newness and the very air of novelty 
which distinguish this science, though the need 
for it, is as old as the human race. Let us first 
make an inquiry into the history of the word, 
and then let us consider the foundations and 
assumptions of the science. 

Sociology is w hybrid term, the first part of it 
derived from the Latin and the second from the 
Greek. It means simply the science of socvety. 
Because it is a hybrid, objection has frequently 
been taken to it ; but the word 1s convenient ond 
intelligible, and has thus come into general usage. 
It was invented by Auguste Comte, and he had a 
deliberate intention in compounding it from the 
languages of Greece and Rome. He tells uv that 
his object was to express the double origin of 
modern societies, which are, in effect, based upon 
the practice of the two last and greatest societies 
of antiquity. The term was accepted in England 
by John Stuart Mill, who was in some measure a 
disciple of Comte, and who employs the word in 
his great “System of Logic” (1843). Subse- 
quently, the term was accepted and popularised 
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by Herbert Spenecr, whose work has made it 
known wherever men think. 


Auguste Comte. Tv the main facts of 
Herbert Spencer’s life we shall devote ourselves 
in due course. Here our concern is with the idea 
of sociology as a science ; and this is therefore 
the place in which to make some reference to the 
philosopher whose name ranks firet in this respect. 
Comte was born in 1798, and carly became 
distinguished for his devotion to learning. When 
he was still » boy he came under the influence 
of an extremely remarkable man, Saint-Simon, 
who was his senior by forty years, and whose 
relation to Comte cannot better be described 
than in the words of Mr. John Morley, who is a 
follower of neither: “The most. cursory glance 
into Saint-Simon’s writings is enough to reveal 
the thread of connection between the ingenious 
visionary and the systematic thinker. We sce 
the debt, and we also see that, when it is stated 
at the highest possible, nothing has really been 
taken from (omte’s claims as & powerful original 
thinker, or from his immeasurable pre-eminence 
over Saint-Simon in intellectual grasp and vigour.” 

Saint-Simon had the fundamental idea of ap- 
plying to social problems the methods of science ; 
but he had not what Comte had in abundance— 
a remarkably complete and thorough scientific 
training. This it was which gave Comte the 
power to carry out the application of what we 
~“ eavll the scientifi> idea of sociology. 

Philosopher's Religion. aWe cannot 
leave this remarkable man, however, without 
commenting upon the second stage in his 
history, which dates from the year 1844, when 
he made the acquaintance of a remarkable 
woman, who had un amazing effect upon his 
emotional end moral nature. Says Professor 
Beesly : “ Hitherto, though the ultimate object of 
his speculations had been to place morality on a 
firm basis of science, and though, in labouring 
for that end, he had been animated by a noble, 
social spirit, he had not professed to be «a religious 
teacher, or to set, in his own person, any special 
example of a good life. He was simply a philoso- 
phei, working out a system which he believed 
would be of great benefit to the human race, 
but what he had before recognised as a philoso- 
phieal truth—that love should be the moving 
principle of our lives—was now brought home to 
hus heart. And this was fruitful of good.” 

It wag in the second period of his life, thus 
modified, that he set forth his proposals for the 
new religion which he called Positivism, and 
which, though it shows very small signs of con- 
verting the world to its views, is yet extremely 
interesting, and is unique, as being an artificial 
religion constructed, in principles and in details, 
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by a professed philosopher, who was at the same 
time an adherent of what we may call the 
scientific school. Comte died in the year 1857, 
which, by an interesting coincidence, was the 
very year that saw the introduction by Herbert 
Spencer of the word evolution. 


~ What Makes a Science ? Comte made 
no contributions to the natural sciences. His 
attempt to make a new religion has been a most 
conspicuous and significant failure. His name 
will be permanent, however, in the history of 
thought because of his establishment of the first 
principle of sociology, which is that societies and 
their ways, their origins, characters, and func- 
tions are a fit subject for scientific study. Comte’s 
great accomplishment, then, is the application of 
the scientific idea to the most important realm 
in which science can conceivably hold its sway. 
This is not only the first principle of sociology, 
but is also the most cardinal truth which it 
reveals to us ; and we must consider it carefully. 
At this comparatively late stage in our studies 
we can have little hesitation in answering the ques- 
tion, What constitutes science ? When we assert 
that there is, or may be, a science of anything, 
we mean much more than that the facts of the 
subject in question may be arranged in columns 
or catalogues. We mean not only that there are 
facts which may be arranged and classified, but 
that there is a relation between them ; we mean, 
to take an astronomical instance, not only that 
the movements of the planets may be stated, 
but also that they may be explained by means 
of a law which expresses their common cause ; 
or, again, to take a sociological instance, we mean 
not merely that historians may describe the 
conditions of various societies in respect of the 
rtatus of women, and in respect of their relations 
to war, but also—which is immeasurably more 
important—that we may establish a relation 
between the two sets of facts, resulting in the 


generalisation, so much insisted upon by Herbert 


Spencer, that “ militarism and a low status of 
women are associated phenomena. ’”’ 


Natural Law in Society. In other 
words, to assert that there may be a sociology 
is to assert that cause and effect are as 
immutably related to one another in the 
realm of human life as in the realm of 
mechanics. It is to assert that causation is 
universal—which, as we have seen, is in a 
sense the first, the last, and the only asser- 
tion of science. Now, to anyone who has had 
a scientific training the doctrine that causa- 
tion and the sequence of phenomena are as 
true of human life as of mechanics is a platitude 
scarcely worth saying. The idea of the univers- 
ality of causation has become a necessary con- 
dition of all the thinking of such a person. To 
Jabour to demonstrate to him that, even though 
we do not know them, there must be laws of his- 
tory and social laws in general, as true and com- 
prehensive and as necessary as the law of gravi- 
tation, is to waste one’s time. It is as if a player 
of lawn tennis were to spend an afternoon in 
demonstrating to a cricketer that the amount of 
moisture in the ground, the presence of wind, 
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and the spin on the ball were factors that had 
to be taken into account when playing the game. 
The cricketer might never have heard of Jawn 
tennis, but he would not require to have these 
things demonstrated to him. He has always 
known them illustrated in his own game, and he 
will take them for granted in any other. 


The Mistakes of the Human Race. 
Similarly, the student of physics does not require 
to be told that social phenomena are caused, and 
that a given sum of causes will invariably pro- 
duce a given sum of effects. He who is already 
familiar with the composition of forces in 
dynamics is prepared to study the composition 
of forces in social dynamics. The first assumption 
of sociology—namely, that there is or may be a 
science of society, is in no more need of proof 
for such a student than the first assumption of 
meteorology, that, appearances notwithstanding, 
there is or may be a science of the weather. 

On the other hand, many persons approach the 
study of sociology who have by no means had 
the intellectual preparation of, for instance, the 
young physicist. In consequence of this simple 
truth society has again and again been com- 
mitted, and will again and again be committed, 
to the most gigantic and disastrous errors, 
All over the world the greater part of legislation 
consists of the abrogation of previous Jogisla- 
tion. Human history is a history of error. Its 
successes have been gained, it will appear, by 
the method which the logicians call the 
method of trial and error. There having been 
no scientific sociology, and politicians having 
been the same quaint and shortsighted creatures 
in the past as in the present, menShave tried 
every kind of wrong path until at last, no choice 
whatever being left them, they have entered 
the right one. Even then they have only too 
frequently left it; but, on the whole, truth has a 
way of prevailing, because truth has the superior 
survival value, or value for life, and so progress, 
though slow, is yet achieved. 


‘Experience by Experiment.” Now, 
the method of trial and error is satisfactory enough 
in some cases—as, for instance, when you are 
faced with a lock and have three keys in your 
hand. Even in such a case you waste a little time, 
but that is all. In no conceivable case can waste 
of time be dissociated from this method, as con- 
trasted with the scientific method. Contrast, for 
instance, the behaviour of a baby, who does 
everything by this method, with the behaviour 
of even the stupidest grown man, who will not 
put a key into a lock twenty times too big for 
it, and who, so far at any rate, is scientific. 
But, as a rule, the method of trial and error is far 
more disastrous than in this case. Take, for 
instance, the doctor of old time who had to treat 
a disease which he did not understand with one 
or other of three drugs which, he understood 
scarcely better; as Voltaire said, “ Pouring drugs 
of which he knew little into a body of which he 
knew less.”” Here the method of trial and error 
may well result in the death of the patient, even 
assuming that one of the drugs be as certain a 
cure as quinine for malaria. 


Marriage and Evolution. Now let us 
turn from mechanical and medical illustrations to 
a social one. The method of trial and error has 
been pursued, for instance, in the case of sexual 
relations. There were no scientilic principles on 
which primitive men could go, or, rather, such men 
were as ignorant of these principles as are the 
pestilent fools who, even to-day, raise their witty 
and worthless voices against the one sexual rela- 
tion which the method of trial and error has 
demonstrated to be sound. In the absence of 
science, then, this method was pursued by primi- 
tive men; though, as we shall afterwards sec. 
the superiority of monogamic marriage is so 
tremendous that our records of other practices 
are relatively quite scanty—notwithstanding a 
popular delusion to the contrary. But observe 
how imperfect the method of trial and error 
has been in this case. As in every case, It has 
wasted time—it has del-yed progress ; but, just 
as this method in the case of the ignorant doctor 
killed most of his patients, so in this case it has 
killed innumerable races and societies. We have 
the records of peoples who practised other methods 
of sexual relation than that of marriage ; such 
peoples are no more. Furthermore, history 
records not merely the fate of obscure tribes, but 
nlho the fate of great nations. Historians in the 
past may have had many virtues, literary and 
other, but they have scrupulously avoided bemg 
Kcientitic. They have their own theories as to the 
fall of empires; theories as to racial degencra- 
tion—which theories biology knows to be an uttet 
myth; theories as to the corroding influence of 
peace—which, alas! arc so plausible as to have 
deceived even the profound and majestic soul 
of Wordsworth—recall the phrase in a great 
sonnet, “ When men change swords for ledgers.” 

Why Rome Fell. But the sociologist — 
the only historian who has to be reckoned with 
henceforth—knows that it is the heart at which 
an empire rots. He knows that peace and pros- 
perity as such have never destroyed any race. 
He knows that the decline and fall of Rome, 
for instance—the same being doubtless true im 
genera]—-were due to the decline and fall of the 
family, due to error in this fundamental matter 
of sexual relation, which we must hereafter 
discuss at some length. 

The conclusion which we desire here to invist 
upon is, firstly, that the method of trial and 
error—which we may describe as, m_ gencral, 
the method of all socicties m the past and 
present—is unsatisfactory because the price of 
error is so terribly high, Much more than this, 
we would insist that the method of tral and 
crror is & failure because even when success 16 
attained by it, it embodies no sure means for 
ensuring the persistence of that success. The 
method has taught many races—all the races 
that have played any real part in the world— 
that monogamy is the best sexual relation. They 
have not been taught it consciously, however, 
or, indeed, taught it at all in any real sense. The 
method has merely worked. Yet, when adequate 
temptation arose, the method has been aban- 
doned—and the decline and fall have followed. 
How different would be the case of a society 
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which based its practice upon sound sociological 
principles! Such a society would know, from 
its statesmen downwards—and such a society 
would, of course, be blest with statesmen—that 
the decline of marriage and the family must 
necessarily be followed by a national decline. 
Such a society would not go into danger with its 
eyes shut, as all societies in the past have done. 
Sociology is a Living Thing. The 
truth which we desire to demonstrate might well 
occupy a volume. There will probably not be a 
paragraph in this all-important course of which 
the same might not be said. It is the truth that 
the recognition of a science of society is necessary 
for any society which, unlike all societies of the 
past, is to endure. Now, this is an all-important. 
proposition, and it is very generally disbelieved. 
There is a common and powerful body of 
opinion which directly controverts this dootrine. 
The critics have doubtloss some excuse for 
their criticisms—otherwise less would be heard 
of them. They incline to the view that 
sociologists are, in general, a bald, bespec- 
tacled, withered-up body of folk, old women of 
both sexes, who meet in small, stuffy rooms 
well segregated from the life of men, the full- 
blooded realty of which they carefully avoid 
studying, and who spend their time in formulat- 
ing imaginary solutions for imaginary problems. 
The presumption, then, is that society will get 
along as well without the advice of these persons 
as with it. Now it is true that there is a ten- 
dency for every science to become academic and 
cold-blooded—to manufacture a world of its 
own and to live in it. It is true, also, that 
sociologists, who profexs to study human life, 
have less excuse than any other body of scientists 
whatever for such a foolish proceeding. But 
sociology, at the present day, is very rapidly 
freeing itself from the reproach for which 
perhaps A guste Comte and Positivism are 
largely responsible. In this course we shall do 
our utmost to convince the reader that soci- 
ology is a living, warm-blooded thing, and w a 
fit and worthy object for the study of even young 
and vigorous folk, who take their full share 
im human life as we know it We shall try to 
demonstrate, indeed, that these, and not those 
others, are the very persons whom sociology 
needs and who need sociology. Thus, we can 
hope to dispose of one of tho criticisms which 
say, in effect, that sociology is superfluous. 
‘*Would Sociology have Saved 
Rome?” But the illustration of sex rela- 
tions which we have adduced will serve 
to mect the further criticism that sociology 
is superfluous on the ground that in point 
of fact societies have got along without 
it. The doctrme for which we here contend is 
that men have certainly “ muddled through ” 
without sociology just as they have muddled 
through in the past without any science ; just 
as monkeys have muddled through, even though 
they are destitute of anything that we can call 
intellect. But we submit that the method of 
muddling through, which is, of course, one 
and the same with the method of trial and error, 
cannot be regarded as ideal by any sane person, 
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and that, even though it has achieved, by a 
purely unreflective and unconscious process, the 
advance of mankind thus far, yet an intelligent 
method would have achieved infinitely more 
‘progress in the same time, and would have 
averted a sum of human misery which it is 
indeed well that our imaginations do not permit 
us to realise. We have chosen a notable illus- 
tration, furthermore, which shows the difference 
in worth between a social practice arrived at 
empirically—that is to say, by the method 
of trial and error—and the same practice 
arrived at scientifically. The mechanical pro- 
cess of natural selection, or trial and error, 
instituted marriage in Rome; nevertheless, 
Rome fell. How different would have been 
the result had the same institution been estab- 
lished, not merely by natural selection, but also 
by the conscious, scientific, and popular recogni- 
tion of the place of marriage as a necessary 
foundation—the necessary foundation—of, any 
stable society. 

Science versus Muddle. We shall have 
to write many pages concerning the all-important 
question of Natural Selection, which pervades the 
whole of sociology because it pervades the whole 
uf life. We shall have to show that its sway is 
absolutely omnipresent and ceaseless. Neverthe- 
less, we can here and now justify what we have 
said as to the value of sociology, even on the 
principle of natural selection. It 1s true that 
natural selection, trial and error, “‘ muddling 
through,” will achieve great things if you give 
them unlimited time and care nothing for the 
appalling cost. But after morality itself, incom- 
parably the most valuable thing which natural 
selection has selected and preserved is the intel- 
lect of man, which has been “evolved by and 
for converse with phenomena.” This magnificent 
product of natural selection, enabling us to 
construct sociology, enabling us, for the matter 
of that, to make fires, build wheels and houses, 
sew clothes, prepare food, and so on and so on, 
is also one of the characters of living men over 
which its producer—natural selection—holds 
sway. Thus, of two rival societies, one of which 
swears by “ muddling through ” or by the purely 
mechanical method of natura] selection in its 
social practices, while the other believes in 
science and in the value of principles, and recog- 
nises that the best result of the old method of 
“muddling through,” or mechanical selection, 
ig the emergence of the intellect, which is able 
utterly to transcend this method—which of these 
societies do you think that natural selection 
will select ? 

History a Colossal Series of Ex. 
periments. Indeed, we may say that the 
chief value of the age-long method of trial 
and error in social matters has been the pro- 
vision for the modern intellect of material from 
which it may infer the great sociological 
truths. From this point of view of a subject 
which may be looked at from an infinite number 
of points of view, we may—somewhat selfishly, 
perhsps—regard the whole past history of man 
as a colossal acries of vast experiments, conducted 


absolutely regardless of cost and without any 
limitation of time. 

If sociology be a science, it must be subject to the 
methods of the other sciences. It must begin with 
facts—the facts of observation and experiment. 
Now, you may make at a cost of a few pence a 
physical or a chemical experiment which may 
be crucial and may alter the whole aspect of 
your science—for instance, Galileo’s experiment 
of dropping two balls of different weights from 
the leaning tower of Pisa. But the more com- 
plex your science the greater the cost of your 
experiment. 

The Great Need of Facts. At this 
moment medicine could make the most gigantic 
advances within a few days but for the cost of 
the experiments that would be necessary. One 
would need merely half a dozen criminals, and 
carte blanche, to settle once and for all, for in- 
stance, the true relations of tuberculosis in man 
and in the lower animals. But the cost is too 
high, for it involves the lives of men and a danger 
to morality. 

In soeinlogy: which is immeasurably more com- 
plex than even medicine, the cost of the experi- 
ments is higher still. The question of the utility 
of marriage could be settled once and for all by, 
let us say, abolishing marriage in England for tho 
next generation. But, obviously, the cost of such 
an experiment in the lives of men and women 
and children, the cost employed in the destruc- 
tion of the race, which, after all, is still in the 
van of progress, would be too high. And yet, 
since sociology is a science, it is in need of ex- 
periment. hat we should like to have is an 
adequate array of facts of observation and facta 
of experiment. From these, as in any other 
science, we should proceed by the process of 
induction to derive certain generalisations or 
principles or laws. 

A Wonderful Thought and a Tre: 
mendous Fact. Nowadays the engineer 
does not build a bridge that he thinks should 
be strong enough, and then run a train across 
it and make a note in his pocket-book that 
the bridge cracked or did not crack. The 
engineer is a trained physicist. He has prin- 
ciples on which to work, and he knows that, under 
given conditions, a bridge of a given structure 
will be necessary. If those conditions persist, 
the bridge which he builds does not crack. 
This is evidently a highly satisfactory result of 
science. If, then, we were able to derive socio- 
logical principles from sociological experiment, 
as the physicist derives physical principles from 
physical experiment, then the statesman and 
the social reformer would be able to build sound 
social structures at the minimum cost in time 
and life, just as the engineer is able to build 
sound bridges without first of all constructing a 
dozen bridges that crack and throw trainloads 
of men and women into the water. If only, 
then, we could make the necessary experiments ! 

But the tremendous fact is that all the important 
experiments have already been made. It is one 
of the greatest achievements of sociology to 
have made this discovery. : 
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By W. S. 


FEVER since mankind began to live in settled 

communities the shoemaker has been 
recognised as a craftsman whose skill was an asset 
of the commonwealth. The reason is plain. Men 
may play or hunt with naked feet, but without 
shoes they cannot do constant labour or endure 
the life of the town. Wherever there are cities, 
there you see some sort of foot covering. Out in 
the wilds of Nature, amid rocks and thorns and 
storms, the foot needs no covering; it adjusts 
itself to environment like other organs, and 
even develops to fine perfection in the process. 
Civilisation, however, brings conditions too 
insidious to be resisted by mere strength of 
muscle or vitality of blood; the dust of the 
street pollutes where tho soil of the valley falls 
away innocuous ; the regular tread of industry 
wears the feet 

The first form of foot-covering was a sole 
fastened by thongs round the toes and the 
ankle. The sole 1s the foundation and yet 
remains the most important part of the boot. 
Climate and other circumstances determined the 
materials and shapes of soles in early civilisations. 
The bark of trees, plaited reeds, raw hides of 
animals, and flat pieces of wood, have been used 
in the making of soles. Some specimens of those 
early foot-covers have survived in Egypt, and 
are to be seen in many museums Egyptian 
sandals are composed of plaited straws of 
papyrus, and very neat the work of those ancient 
craftsmen. is. 

Beginning of the Craft. The bare sole 
was not a very efficient protector to the fect ; 
sand and grit got between the foot and the 
sole, and made things rather uncomfortable 
for the wearer, so a ridge was run round 
the sides of the sole. This was the real 
beginning of the shoemaker’s craft. Another 
step in the development of the shoe was the 
padding of the sandal heel. Some very ancient 
sandals show the heel fixed on the flat sole, 
and others have sides without heels. These 
facts poe that the Egyptien shoe was a 
natural development, growing up irregularly, 
as natural growths do. Onc sendal-maker 
would think that a heel pad was required to 
make the sole last longer and be more com- 
fortable to the wearer; another sewed a 
protecting ridge round the heel and along the 
sides of the foot, to keep out sand and small 
stones. Perhaps for a century or two the heels 
and the sides were distinctive marks of two kinds 
of sandals worn by different classes of people. 
At @ period in the misty regions of conjecture, 
‘the two features were combined, and a sandal 
that was almost a shoe evolved. 

In the earliest record of human life we possess 
the shoe appears as a finished pieco of crafteman- 
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ship, not as the production of amateur labour. 
Historians of the trade never fail to refer to a 
remarkable painting, said to date from 1495 B.o., 
on the walls of Thebes, in which shoemakers 
are depicted at work, with their tools on the 
space beside them. It is very remarkable that 
in this painting the awl, the bodkin, the wax 
and the thread are represented. Even at that 
early time the shoemaker chose and formed his 
tools ; how well he chose, the fine efficiency of 
the awl bears witness. 


Footwear in Olden Days. The warm 
climate of the East renders the higher quality 
of boot unnecessary. A shoe, very little in 
advance of that worn thousands of years ago, 
is still worn by Eastern nations. Slippers and 
even sandals are the fashion among populations 
which can hardly be described as cither poor or 
barbaric. It is to the Northern peoples, who 
work hard and build great cities amid changes 
of climate too severe for the naked feet, that we 
must look for the evolution of the leather boot 
and shoe. The Greeks made shoes which came 
well up the sides of the feet, and were fastened 
by numerous thongs. But it was when the 
Romans began their conquests in the North that 
strong boots covering the whole foot came into 
use 

For marching m the wild forests over rovky 
ground, the Romans devised a boot, called 
the calceus, and studded the sole with flat- 
headed nails. Our present-day Army boot 
is not far from a likeness to that boot. The 
Goths and Celts, whom the Romans conquered, 
had already evolved a kind of hide foot-covering 
with a sort of legging strapped on their lower 
limbs. Under Roman rule the Saxons, Franks, 
and Britons learned to make shoes, and some 
of the products of those ancient craftsmen show 
a talent quite artistic. The shoemaker became 
a fixed institution in all the villages of England, 
and when the governing powers had acttled who 
had the strongest right to rule over the country, 
we find him everywhere, from the Tees to South- 
ampton Water, plying his craft. 

To the shoemaker the age of chivalry, so-called, 
was an era of queer boots. No more fantastic 
collection of footwear could be imagined than 
the boots and shoes of that period. Boota 
of steel plates, boots of chain mail, long-pointed 
boots, gold-mounted bell-girdled boots, boots and 
shoes made of leather, cloth, and all sorte of 
materials—every variety conceivable were made 
and worn. 


The Evolution of the Boot. About the 
end of the fourteenth century, boot fashions 
began to evolve somewhat in the direction of 
rationality and uniformity, and gradually the 
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ieaped boot, extending. to the thigh, came 
nn By the fashionable footwear for outdoors. 
This was the teal boot; the articles we now 
call bodts would hardly have been dignified 
by that namé by thé origina 

sea-boots worn by ‘old-fashioned fishermen 
are the sole surviving specimens of the great 
boots. Step by step the boots were modified, 
and the jack boots, a refined model of which 
is worn by the Household Cavalry of the British 
Army, came into vogue. About the middle of 
the eighteenth century the heavy heels and 
eercns leather tops hampering the knees went 
out of fashion with English gentlemen, and the 
form now called top-boots, and worn by postilions, 
footmen, and liveried coachmen, was adopted. 
Gay boots they were, with yellow tops and lac- 
quered legs and fronts. 


Wellingtons. The great Duke of Welling- 
ton, with his stern practical sense, ordered 
his boots to be made short in the leg and fit to 
be worn under his trousers. The great leader’s 
idea at once caught on, and erat socy ecunten 
the Wellington boot. Up till 
breeches were the dress for men; but trousers 
became the common vogue, and with that came 
@ modification of boots. With trousers the long 
leg of the boot was unnecessary. Ladies con- 
tinued through all that long pens wearing shoes, 
sometimes with high hcels, sometimes with 
pointed toes, at one time plain and at another 
extravagantly ornamented, the uppers of a 
variety of different materials, but always witb 
leather for the soles. 


Dress Boots. Athome, in the dining-room 
or in the parlour, the gentlemen also wore fine 
shoes, of hight leather, with buckles of fantastic 
Shapes and styles. When the military and 
hunting professions of gentlemen ceased to be 
of so much importance, and peaceable pursuita 
brought wealth, the shoe took the place of the 
boot, and from about the middle of the eighteenth 
century on to the middle of the nineteenth the 
buckled shoe gradually drove the boot out of 
fashion. With the advent of the trousers, as we 
have hinted, the shoe gave place to the boot, 
and even on the shoe the buckle was superseded 
by the tie or lace latch. 


Working-men’s Footwear. While these 
ay ae were going on in fashionable circles, 
the footwear of the working classes also was 
altering. Large sections of the poorer people 
never wore boots except on Sundays, and then 
it was a pair of large jacks or tops handed along 
from one member of the family to the other, or a 
single pair was got by a man when he was full- 
grown by scraping pence together, and made to 
serve his lifetime. In some districts, clogs—shoes 
with thick wooden soles—were worn, and as 
money became more plentiful among artisans 
they sought to imitate their social superiors by 
patronising the shoemaker, who made them an 
inferior kind of buckled shoe. On the other 
hand, in some districts the fashion of wearing 
boots of a good quality never went out, because 
the shoemaker rose or fell in status with his 
fellows of the town or village. 
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is time knee- 


‘Changes.in,Faahion. Dusing the latter 


of: the nineteenth century successive waves 
gh swept over the beet trade, effecting a 


» complete -revolution, which, because al, 
_ Was scarcely noted outside the trade itaelf. The 


Wellington, the Blucher, and other forms of 
lang-legged: boot went out of fashion, and for a 
time the shoe, the lacing boot, and the elastic- 
sided boot struggled for the market. The elastic- 
sided, boot was a solid upper coming well above 
the ankle, sections of elastic cloth being jet into 
the side to give the boot grip on the foot. By the 
year 1880 the battle had been decided wholl 
in favour of the lacing boot—that is, a boot wi 
open front, closed over the foot by drawing a 
Jace of leather or silk or cotton through ringed 
holes along the edge of the two sides of the 
opening, the top coming over the ankle. 


Enlargement of the Boot Market. 
Contributory to the success of the lacing boot 
was the advent of boot-making machinery. 
Before looking at that tremendous event, how- 
ever, we shall glance at the social factors which 
helped the change. Within the last thirty years of 
the nineteenth century the mass of the British 
people became a boot-wearing population. Pre- 
vious to that time, country people seldom wore 
boots in the summer, and children, in the North 
especially, ran about barefooted till well on in 
the autumn. At the beginning of the twentieth 
century all this had changed. Except among the 
poorest, every man, woman, and child adopted 
the habit of wearing boots winter and summer, 
and generally had one kind of boot for each 
keason. Industrial conditions made boots abso- 
lutely necessary. Town life further increased the 
need for boots—boots strong and serviceable, 
easily put off and on. 


Customer and Shop Boota. With the 
increase of wealth in the country the standard of 
life rose all round, and the result was an increase 
in the demand for boots among the working 
class. To meet this large and not too critical mass 
of custom, the ready-made boot trade sprang up. 
For a time it seemed as though our craft was to 
be split in two; a great cleavage seemed immi- 
nent between what we call the bespoke and the 
shop trades. In the bespoke trade, the boot 
buyer comes in and gets his foot measured, and 
the boot is made up exactly to the size and shape 
desired ; for the shop trade, the boots are made 
up into sizes, and the customer buys the boot 
of the size and pattern that fits or otherwise 
suits. But the cleavage has not taken place. The 
ready-made boots have improved in quality and 
gradation ; the bespoke trade can be done in the 
factory. The handicraftsman has been almost 
put out of existence. 


Division of Labour. Among the millions 
of boots worn to-day, scarcely one pair in a 
thousand has been made by hand ; the great boot 
producer is the factory. The division-of-labour 
principle has gone through all productive indus- 
tries, dividing up trades into parts, and setting: 
separate groups of workmen to each detail. In 
shoemaking, the preliminary step was accom- 
plished a good while before the factory was 


thought of. Very often 
two partners ‘or brothers, 
or father and son, or hus- 
band and wife, divided 
the making of the boot 
between them a oF 
ou or more refine 
okie in hand the top 
or upper, while the other 
sewed in the sole and 
finished the boot. It is 
easy to see how this 
could be extended and 
the partner become em- 
ployee. The shoemaker 
supplies the leather, all 
cut, to the upper-closer, 
and pays him so much 
for the work. As his 
trade grows he employs 
another bootmaker and 
another topmaker, and 
soon the workshop grows 
into a factory. The cut- 
ting of the boot tops is 
given over to a work- 
man, called a clicker, 
who docs nothing but 
cut tops and lings ; the 
hnings are given to one 
worker, gencrally a 
woman, and the leather 
fronts to another ; they 
are separately sewn, and 
to one worker is given the 
duty of puttmg them 
together or joining. Simi- 
larly, the laying of the in- 
sole and the sewing of the 
sole are separated. Then 
came the sewing machine. 
Boot Factory. The 
advent of the sewing 
machine marked the 
heginning of a new order 
in the bootmaking trade. 
The handicraft had been 
broken up into smal] 
details, to each a separate 
workman or group of 
workmen ; but as yet the 
whole process was carried through by hand. 
But by quickening production m the top depart- 
ment, the sewing machine set the pace for the 
whole factory. ‘Bootmaking by machmery was 
bound to come. How it came we shall see 
Making Boots by Hand. Bootmakers 
have been blamed for making boots that cramped, 
the feet. deformed, the toes, raised bumions, and 
even reduced the mental energy of the unhappy 
wearers. We emphatically deny that the blame 
for unhealthy shapes of boot can be laid wholly 
on the shoemaker. We are the servants of the 
public, and if the people have a craze for pretend- 
ing to each other that their feet are more slender 
or smaller than they arc, boots must be made 
according to the dictates of that craze. vont a 
man has lost a good customer }ecause he has 
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29. SHOEMAKERS' TOOLS 
F. Heel awl 


tried to resist the foolish desire for what a per- 
verted taste calls neat feet. No shoemaker with 
a proper respect for his honourable craft will 
blindly copy the models set by ignorant fashion. 
He has, however, to make his living in a world 
where nothing is perfect, and meet, if possible, 
the wishes of his customers. The desire to have a 
neat foot and a graceful carriage is as natural and 
right as the love of beauty itself. Boot reformers 
are apt to forget that grace is also worth con- 
sidering ; a healthy boot need not be also an 
ugly boot. The three leading qualities of a boot 
are these: (1) It clings to the foot without 
cramping it; (2) it wears well in all aa ; (3) 
it is graceful in appearance and shapely. 
Structure of the Foot. The bootmaker 
should never forget that the foot is a living organ 
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he gr ornpra aggro oy cover. If pte ae 

was thoroughly organ no man wo 

allowed to e boots or shoes unless he had 
an examination showing that he 


passed 
@ good knowledge of the anatomy and structure ¢ 


of the human foot. The boot is made for the foot, 
not the foot for the boot. Knowledge of the foot 
would tend to induce a proper reverence for it. 
No more wonderful structure has been created. 
It is impossible in this work to give an exhaustive 
description of the foot, detailing all the bones, 
muscles, blood-vessels, and, nerves of the organ. 


A standard work on anatomy must be consulted. 


by the student. 

Bony Structure. The structure of the 
foot is composed of 26 bones, so disposed as to 
form an arch, the back pillar of which is the heel 
bone, and the front is supported by the toe- 
joints. Above the heel bone is the bone called 
astragalus, which is the key bone of the foot. 
It fits into the bottom socket of the leg bone, 
puts the pressure of the body on the heel, and 
at the same time distributes the force forward on 
to the arch bones, and thence to the toes. The 
central arch bone, named the scaphoid, is con- 
nected with the heel bone by an elastic ligament, 
and is touching the key bone, while connected 
forward with the three bones from which the 
toes spring. The toes come out from the meta- 
tarsal bones, the large toe having two phlanges, 
the other toes three. 

Muscles. Very important is the strong 
muscle extending from the inner extremity of the 
heel bone to the five metatarsal bones, formi 
a kind of tie beam to the arch of the foot, an 
bracing the rtructure together. The structure 
is further held and strengthened by the muscles 
coming down from the leg and ending on the 
bones which form the joints. 

As we have seen, the astragalus forms with the 
tibia and fibula the ankle joint, the inner joint 
with the heel bone, and the forward joint with 
the arch bones in front. This gives flexibility 
to the foot. There are three sets of muscles 
of prime importance: (1) The muscles of the 
calf, attached above to the bones of the thigh 
and the leg, and below by the Achilles tendon 
to the heel bone; (2) muscles coming from the 
tibia to the main.arch bone; (3) the muscles 
from the fibula to the outer frontal bone of the 
foot. By means of these muscles the main 
movements of the foot are energised and con- 
trolled. 

The Fitting of Boots. The other and 
smaller muscles, the blood-vessels and nerves, 
have also to b> considered by the bootmaker ; 
but detailed study must be carried on 
further in other ways. Enough has _ been 
shown to indicate clearly the main structure 
of the foot. It is obvious that respeot must be 
had to bones, joints, and muscles here indicated 
by the maker of boots. To make an arch to 
the instep too high, pleasing to vanity as it 
may be, is to injure the great muscle upon which 
the whole grace of the foot depends ; to narrow 
the boot across the instep is to squeeze together 
the lower bonos of the arch and reduce the foot 
to the condition of a club. We insist upon it, 
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that qll those effarta after grace which limit the 
free play of the foot in all its parte defeat 
themselves 


Toole and Materiales. A shoemaker’s 
equipment [89] is not small. In these days of 
continual effort after improvement there have 
not been wanting temptations to the shoemaker 
to abandon the time-honoured tools of his craft 
for new, and perhaps handier instruments. 
We prefer to stick by the old of tools, 
because they are the foundation of all depar- 
tures, which are various. In one town or 
district one kind of new tool is taken, and in 
other places another set of improved tools are 
accepted. 

The Bench. 
pieces of furniture in the shoemaker’s 
the bench and cutting-board. In construction 
the bench is a box 4 ft. long, 2 ft. by 2 ft. the 
top and inside divided into two sections. One 
half is covered by a padded leather seat, and the 
other is compartmented into boxes, in which 
are kept wax, tacks, sprigs, and various kinds 
of smaliware. In the vertical division of the 
bench to the right of the shoemaker as he sits 
we find two drawers, the top one of which 
contains balls of flax or hemp thread, and 
in the lower one measures and notes on 
customers’ boots. 

Places of Tools. The 


The two most conspicuous 
op are 


division under 


- the seat is usually occupied by tools not in 


immediate use, and small pieces of leather 
which may come in handy for packing. Along 
the wall behind the bench is a rack holding in 
leather sheaths the range of awls and knives 
constantly required in work. To the left is 
an iron table, with smooth top, and on the 
bars under it are several lapstones. On a rack 
in the middle of the floor hang over a hundred 
lasts of sizes ranging from the child’s to the 
full-grown man’s foot. Beside the last-rack 
stand thick logs of various lengths, in the 
top end of which are stuck what look like 
iron feet. 

Awls. This is a general view ; but we must 
look closer and learn the character of the tools 
we have to handle. Some of the awls [29, A to F) 
have long handles shaped for grasping; but 
look at the blades. They are of the finest steel, 
and curve curiously to the double-edged points 
Straight at the handle, the curve of the steel 
aids the thrust of the worker as he sends it 
through the hard leather. Other awis are 
straight and flat on the head ; these are meant 
to be driven direct through the leather by the 
stroke of the hammer. 

Punches. Next are short-bladed piercers 
with stout handles, for making the holes into 
which the sprigs or tacks are driven. Three 
pairs of punches, one with a needle-like point, 
one larger in diameter, and the third larger 
still, hang ready to make the holes in the boot- 
tops for lacing rings or ornamental patterns on 
the toecaps. 

Setting Irons. While we think of orna- 
ment, the setting irons [29N] are to be noted— 
curious steel blocks, one side with edged ridge, 
and set in strong handles. Along with them we 


find what look like spur rowels stuck in handles, 
little wheels that impress the leather with a 
attern—some a line of points, others wavy 
ines, and named sttich-prickers. 

Knives. Then there are the knives, a 
perfect arsenal of blades. One broad piece of 
steel has a point curving out from the face of the 
blade; another, shaped like a crescent with a 
handle coming from the inner centre of the 
carve, is the skiving knife ; and others of various 
sizes are straight, business-looking cutters. 
All are kept sharp as razors by the stones near 
at hand. The catalogue is long. but the shoe- 
maker’s tools are many. In addition to these, 
he has hand mittens, knee belts, waxes fees 
brown, and white), emery-cloth, sandpaper, 
rasps of different degrees of sharpness and size, 
bristles that make needles for his threads, 
polishing-black bottle, and polishing shaft. 

The Topmaker’s Toole. Where the 
shoemaker has an upper or boot-top sewer 
in partnership with him, they hold the most cf 
the tools in common; but the sewer has his 
or her bench, and a set of fine awls, fine threads, 
& closing clamp or board that holds the top in 
its jaws while the sewer works, and, in 
newer shops, @ sewing machine for linings and 
light leather. 

Materiala. Our materials are not so 
numerous as the tools ; bat they are sufficiently 
varied to confuse the beginner, unless he bas 
some warning of what to expect. 

Sole Leather. Sole leather is thick, hard, 
heavy, and very stiff. It comes to usin hides, 
and may vary a good deal in weight and 
quality. Before the clever chemists came to 
teach the tanner how to play upon the hides, 
it was comparatively easy tv tell the different 
qualities. The best qualities had a buff colour, 
and could be worked to the hardners of iron 
without fear; the lower qualities tended to 
red in coleur, and kept soft in spite of all the 
hammering in the world. Leather may now he 
of perfect colour, and send flakes and splinters 
from under the beater before the sole has been 
shaped ; red leather may turn ont quite good. 

Tests. Adulteration of leather has been 
very common of late years, weighting of the 
hide with glucose or sulphate of baryta, a kind 
of earth, being the most frequent For dis- 
covering the latter, you have only to draw 
your knife sharply through the edge of the leather 
and the earth will rasp on the edge like sand- 
stone. Glucose can be detected by laying two 
pieces of the leather in a damp cloth and leaving 


them overnight. If the pieces are sticking 
together with a soft, syrupy substance between 
them, glucose is present. ere are other ways 
of faking leather, but if you buy from a good 
tanner, and there are many, you are sure to 
get a fair quality for a fair price. 

Top Leather. Next in importance is the 
stock of top leathers. These vary in thickness 
from the heavy hide for making the uppors of 
stout working boots, boots for hunting, deer- 
stalking, mountaineering, and the like, down 
to light calfskins or glacé kids, for fancy boots 
or Jadies’ wear. Thon there are a good man 
patterns — plain, grained, pebble - grained, 
diamond-grained, or pigskin-grained [see plate 
facing 3217]. Patent teathers—morocco, russia, 
and roans—have to be stocked for fine edgings 
of high-class boots and shoes, toccaps, or fronts 
of ladies’ slippers. Going on from heavy to 
light, we come to wash leathers, split sheep, 
calf and goat skins, for linings and bindings. 
Light pieces of hide called offal by the tanner 
are needed for insoles and packing. 

Fine Leather. [Expecrienco alone can 
teach a man how to be independent of the 
honesty of the leather merchant in dealing with 
those top, fine, and fancy leathers. Of course, 
he must learn, end that very quickly, to tell the 
difference between a pebble-grain and a box- 
grain, or a roan and a russia leather; but that 
is not a difficult matter to an_ intelligent 
person. 

Various Materials. The independent 
shoemaker has to stock a good deal of iron- 
mongery and i ath which must be judi- 
ciously and carefully stored. Linings of cotton, 
linen, canvas, felt, and cloth, straps of mohair, 
flax, and cotton ; soles of felt, cork, canvas, and 
pasteboard fill up a good many shelves and 
drawors. Wood pegs, brass and iron rivets, 
sprigs, sparables, hobs, heel-plates, toe-plates, 
boot-protectors, rubber hecl-plates, eyelets, 
buttons, and patent fasteners ot many kinds— 
all these fill up the drawers and stock boxes of 
our workshop, and absorb a lot of capital. 

Our inventory of bootmaking materials is 
general; there are many things used by special- 
ists we have barely noticed. The things 
cnumerated are common to the whole trade, 
and should be known to every craftsman. We 
hold strongly to the opinion that the beginner 
ought to be taken through the stock-room and 
shown every tool and material of his craft, with 
explanations of their uses. This is the main 
intention of the present section of our course. 
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MOTOR-CAR DEALERS. 

The time when the selling of motor-cars can 
fairly be included under the term shopkeeping 
has not yet arrived, but something of the possi- 
bilities of the business may be discussed, if only 
' in the light of intelligent anticipation. The 
difficulty does not lie in the actual selling, but in 
the circumstances attending the newest of our 
industries. The fact is that the manufacturers 
of motor-cars are not anxious to enlist the 
services of the middle-man at present. The 
public is in no mood to purchase otherwise than 
direct from the manufacturers, or, if the car 
be of Continental make, from the first-hand 
agent in this country, or of the importing firms. 

Cycles and Tricara. This statement, 
however, hardly applies to tricars, and cer- 
tainly not to motor cycles. The latter have 
already been reduced in price to reasonable 
figures—there are now good machines- to be 
retailed at about £30—and many agents have 
done well by investing in a single machine, 
a riding and showing which they have been 
able to dispose of others in large enough numbers 
to make a success of the business. A good 
many riders prefer to buy a machine which 
has been “tuned up,” and it is certainly a 
promising risk to buy a motor cycle on the 
chance of disposing of it in due course. 
Practically this way of doing the business is 
the only likely one at present. 

Motor cycles and the profits which they carry 
are discussed on page 2094. The profits on 
motor-cars are not as satisfactory upon a per- 
centage basis as are those of the motor cycle. 
On tricars, which are made by cycle manu- 
facturing firms, the inducement is fairly good, 
being up to £25 profit per car, and occasionally 
more, but on the heavier vehicles the prospect 
is less enticing. Ten per cent. commission, and 
sometimes 15 per cent., is as much as motor-car 
manufacturers will allow to the agent. If 
business can be done without holding stock, 
and if the customer pays cash, orders are, 
however, well worth seeking. 

There are good profits on accessories, some of 
which are subject to 30 per cent. or more dis- 
count. 

Small Cara. The three-wheeler, or tricar, 
holds the field at present, but sooner or later it 
seems destined to be displaced by the car on four 
wheels. At from £65 to £105 the tricar is dear, 
and in the matter of maintenance is not so 
economical as a four-wheeled vehicle. Already 
there are a few of the latter type to carry 
two persons purchasable at or about £100, and 
it is safe to predict that five years hence buyers 
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Buying and Selling. 


The Hire-purchase System 





will find a choice between half a score at or 
below that figure. When that time comes the 
agent in a small way will get his chance. With 
more competition the makers will be keener to 
have his co-operation. 

The present system of deferred payments 
will be modified so as to enable agents to profit by 
introduced sales. As things go now, commis- 
sion on deferred sales is rather grudgingly 
accorded because they are rare; for, as we have 
seen, the buyer goes direct to the maker. 

Prospects. At present high-power cars are 
very expensive, and, indeed, unreasonably so 
compared with other work involving the same 
class of workmanship and similar materials. 
The makers, of course, have a good case in the 
argument that the initial expenses have been 
enormous, and therefore that the whole of these 
high profits must be secured to themselves at 
present. Later on this cry will no longer be 
tenable, and then all will be altered—motor- 
driven vehicles will be designed for the lightest 
classes of business, and a big industry on sound 
business lines will be developed. This will 
displace the present necessary but not altogether 
desirable system, which has opened the door 
for a whole round of commissions to the friends 
of buyers, who are not always disinterested in 
tendering advice. Moreover, as things stand, 
* oiling” the drivers is alleged to be inevitable, 
and thus the agent is not unnaturally a little 
shy of the whole business, which, under any con- 
ditions, involves the investment of considerable 
capital. 

The Garage. Still, something can be done. 
As we have already shown, business is possible 
in small cars and motor cycles, and there 
are openings in many towns for the starting of 
garages where cars can be stored, accumulators 
charged, repairs undertaken and accessories 
retailed. Of course, in every such establishment 
motor spirit and suitable lubricating oils must 
be stocked, and although the profits on these are 
low, and the conditions under which the former 
is stocked are somewhat onerous, these com- 
modities bring other business, and cannot be 
ignored. 

The first provision of a garage is an inspec- 
tion-pit, which must be brick-lhned. The best 
dimensions for this are 42 in. width and 54 in. 
depth. The length of the pit depends on the 
building, but it should be not less than 6 ft. 
The brickwork round the top edge should be 
rebated, to afford a 2 in. bearing for a 1} in. 
wood cover. If expense be not 4 serious item, 
steps at one end are well worth including in the 
scheme, and drainage of some sort will be 


necessary. there happen to be any difficult 

abont meking connection with a rer as night 
be the case in a bountry district, a hole 3 ft. deep 
at one corner, half-filled with shingle and coke, 
and covered with an iron cover, may answer, 
although obviously such a plan will involve 
periodical cleansing and renewals of the coke, etc. 


Garage Equipment. The usual precau- 
tion of not having a naked light in the motor- 
house must be stringently observed in respect 
to the pit. If the electric light is not avail- 
able, only a Davy lamp should be permitted in 
the place. 

The agent who undertakes repairs and docs 
them in his garage will have to face the problem 
of heating the building in winter. The ideal 
plan is to sink a small boiler-house or lean-to 
outside the main building, and to install pipes or 
radiators inside the garage. Tho absolute 
necessity of some such provision will be appreci- 
ated after a sudden drop in the temperature 
during the night, resulting in a cracked water- 
jacket in a customer’s car. 

Another special apparatus necessary will be 
the vulcaniser. This device for repairing cuts 
and bad places in the tyres will cost the 
agent from £2 upwards. There are several 
patterns on the market. Most of them depend for 
heat upon steam, generated by o gas jet. or a 
blow lamp ; but in one at least the heated sur- 
face is derived from iron blocks which can be 
made hot in a forge. 

The third essential feature in the agent’s 
garage will be the provision of means of re- 
charging accumulators for customers. The 
agent who can command the use of current 
from electric mains will do so. The cost in that 
case will not be serious, for a charging board is 
not an expensive affair. If the district is out- 
side the area of any of the clectric supply 
companies, a primary battery and resistance 
board will have to be installed. 

Repaira. The would-be dealer in cars 
and motor cycles must cultivate the repairing 
business. First, if he be a fitter or mechanic 
he might get employment in a garage, where 
he would have opportunities of learning some- 
thing of the mechanism of various cars. 
With the knowledge thus acquired, and if 
he can command the use of £100 or £200, he 
cin take premises, build his own pit, put 
down a lathe, grinding machine, drill, electric 
charging and vulcanising plant. There is 
availahle to the man who wishes to perfect 
himself in the knowledge of motor-car details 
a considerable volume of literature which 
is by no means expensive. Mr. Worby Beau- 
mont’s book on the subject is, of course, the 
classic, but as it costs about two guineas it will 
not be within the rcach of the individuals we 
have in mind. However, from the list which 
follows he will be able to select suitable and help- 
ful books. Mr. Douglas Leechman’s “ Autocar 
Handbook ” (215 pp., 102 illustrations), costing 
only ls, 6d., contains plenty of elementary infor- 
mation about the motor, and something about 
the chéssis and gears. It is published by Iliffe & 
Sons, Ltd., of Coventry and 20, Tudor Street, 
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E.C., which re are also publishes a capital 
handbook on “‘ Motor-Car Repairs,” at 2s. 6d., 
and a third publication, ‘“‘ Useful Hints and Tips 
for Automobilists.” The last is a collection of 
more than 500 hints reprinted from “ The Auto- 
car,” which is the leading weekly (3d.) connected 
with the sport and industry. more expensive 
book is W. Poynter Adams’s “ Motor-Car 
Mechanism and Management” (174 pp., 22 
diagrams). Only one part, dealing with the 

trol car, has been issued up to the prosent, 

ut others, treating of the electrical car and the 

steam carriage are promised. Each part costs 
5s., C. Griffin & Co. being the publishers. On 
the very intricate subject of ignition, the Cycle 
Trade Publishing Co. have published T. H. 
Hawley’s “ Motor Ignition Appliances ” (137 pp., 
43 drawings). It is an exasperating book to 
read, owing to the long and involved sentences 
affected by the author, who. however, covers 
the ground well, and gives the purchascr a 
generous half-crown’s worth. 

Finally, we may mention “ Petrol Motors and 
Motor-Cars,” by T. Hyler White (187 pp., 44 
diagrams). Tongmans, Green & Co. publish this 
at 4s. 6d., and it may best be described as the 
handbook of the designer and draughtsman. 
The principles underlying construction, with the 
formule for determining the correct proportion 
of the engine details, brakes, transmission gear, 
etc., are discussed in this eminently practical 
volume. 

With a moderate capital, some experience, 
and a determination to master the principles 
upon which a car works, a start could be made 
which might be expected to provide a moderate 
living at once, and to furnish the basis on which 
to build up a successful business in the near future. 
What we wish to point out is that the practical 
man has a better chance of making a success than 
his fellow who has been engaged only in buying 
and selling, and whose early training has been 
along commercial, rather than mechanical lines. 


MUSICAL INSTRUMENT DEALERS 


Under this heading is comprised the shop- 
keeper who deals not only in musical instruments 
and their accessories, but also in sheet music. 

Many a now profitable music business has origi- 
nated ina private house. The reason for this is 
that the first essential for success in this special 
sphere of commercial activity is a practical know- 
ledge of the business. The svcond desideratum is 
care in bookkeeping. A good accountant has 
often succeeded, where the purcly practical man 
has become bankrupt. In Great Britain a be- 
ginnor with small capital should avoid attempting 
to startle his neighbourhood at the outset. Tho 
tyro has not much choice as regards a site if he 
purchases the connection and goodwill of a 
going concern. 

Apprenticeship. There is no type of 
business misunderstood more often than is that 
of the music-dealer, If a young man, or a young 
woman, show musical aptitude nowadays, and 
be a failure in a professional sense, he or she is 
considered qualified to open a music-shop. Such 
establishments are soon closed. The best recipe 
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against shipwreck is to be the son of a successful 
music-dealer and to have profited is ex- 
periences. But, for those unable to select the 
occupation of their parents, the best way to 
ensure success is to have the training of a 
jano-tuner and be possessed of good ntials 
rom a firm of standing. In old-established 
London factories to-day lads are indentured 
as apprentices for tuning at the age of fourteen. 
The apprenticeship period lasts from five to 
seven years. The usual procedure is for a lad 
to go to a recognised firm and offer his 
services in return for tuition in piano-tuning. 
In some factories a small remuneration is offered 
to the apprentices, but in the majority of 
cases the beginner works for no pecuniary 
rewatd. An SpEcatcenip in a piano factory 
is desirable for learning piano-tuning properly, 
not so much because the Jad gets to know the 
internal mechanism of different types of pianos 
but he has constant practice in actual tuning all 
the time. Some historic makers charge pre- 
miums for apprentices, and if the youth’s 
parents can afford it, the expense is justified 
by the experience gained. 

Assistantship. Apprenticeship over, the 
next step for the youth is to get a position in 
a retail music shop as an improver. There 
(where probably he will be ag £1 a week) he 
will have old pianos as well as new ones to 
tune, and he will learn from the old instruments 
many matters he has no opportunity of dis- 
covering at the factory. Moreover, he gains 
experience of retail business methods, and after 
two years should be competent to serve as what 
is known as an “ outdoor tuner.” When such 
skill is attained, the next move is to get the 
employer to send him out to tune the pianos 
of customers. It is understood that the sho 
selected for the improver is one in whic 
not only pianos but musical instruments of all 
kinds are sold, and sheet music as well, so that, 
while advancing in piano-tuning—which, after 
all, is the main thing—he is also learning other 
necessary departments. 

The prices and profits secured for and by the 
sale of all kinds of instruments, sheet music, 
and musical adjuncts, and the general principles 
of business have to be diligently acquired during 
this period. To excel as a tunerit is not 
necessary to be what is known as musical. 
Some of the best tuners are not pianists. There 
is no greater mistake than to imagine that 
the child with a good “ear for music” will 
make a successful] tuner. An apprentice who is 
ambitious, nevertheless, will always learn suffi- 
cient of the art to enable him to play with 
facility arpeggios and chords so as to “try” 
the tone of any instrument. 

Opening a Shop. Before deciding to 
start in the music business, it is very 
advisable to have a tuning connection as a 
basis. This is an important point, for ex- 

ience has proved that man cannot live 
y music selling alone. Practical men who 
have gone through the mill know that the 
beginner should have a connection of at least 
300 tunings per annum, and one-third of that 


3880 


1 gota aml di. rp a gy Ria : 
The usual charge for tuning a piano is 3s. 6d., 
= pianos per day is an average day’s 
work, 

Although, in the music trade, connection is of 

ter value than mere advertisement, the 
latter should not be altogether neglected. 
One prominent music-dealer whom we have in 
mind advertised in a manner which gave the 
maximum result ata minimum cost. All he in- 
serted in the local newspaper was, the first week, 
‘* Wanted, 1,000 pianos to tune.”’ Then followed 
his name and address. Next week the wording 
was changed to “‘ Wanted, 995 pianos to tune.” 
The figures gradually diminished in this way, 
and the impression given was that the new- 
comer had succeeded in getting considerable 
business. 

The Window. One of the cheapest ad- 
vertisements for the music-dealer is to have 
his shop-front dressed as attractively as possible. 
In quiet ndrarted 4 towns the as we qualities 
of a well-arranged window are much undervalued. 
It is a mistake to show the same goods con- 
tinually. The windows should be kept scrupu- 
lously clean and not overcrowded. Effective 
displays need not entail expense. The most 
useful class of passers-by oan be attracted by 
photographs of musical celebrities. For violins 
or brass instruments, a plush curtain forms 4 
good background. Musical accessories, such as 
gramophones, metronomes, and glass insulators 
for the piano, can be grouped artistically. Frontis- 
eae of new music are supplied by publishers 
or window cont ag so as not to soil the music 
sold. But such title-pages should be always 
up to date. It is seldom that a beginner in the 
music trade has room to show pianos in his 
window. Should he be fortunate in this respect, 
care should be taken to have a blind ready to 
be lowered so as to secure temporary privacy 
when the instrument is tried. 

Advertising Materials. The retailer 
should take full advantage of all help in adver- 
tising he can get from the makers of instruments 
he particularly represents. Some firms of enter- 
prise are generous in this respect by (1) supplying 
well-framed and artistic showcards ; (2) defrayi 
the cost of decorating the window with enamelled 
letters and coats of arms illustrative of Royal 
appointments they hold—but in this case 

ere must not be too much display of lettering 
on the front of the shop ; (3) supplying music 
wrappers with appropriate advertisements ; 
(4) and various stationery, such as letter paper 
end bill-heads bearing the dealer’s address 
as well as an advertisement of the particular 
agency. Intelligent use of all such matter 
effects not only a considerable saving annually 
for the beginner, but stimulates business. 

The Shop and Fittings. Tho founda- 
tion for the stock required in a music shop 
is often laid by the wide-awake young tuner 
while living at home. In the course of his 
vocation he has the opportunity to acquire 
cheaply second-hand pianos from customers 
who wish, for a variety of reasons, to dispose of 
them. Jn the course of a year or two he may 


thus become the owner of several pianos, which 
he can keep in his private house until he finds 
it desirable to start a shop. The neighbourhood 
should be carefully selected, and should be as 
near as possible to the centre of the district where 
his tuning connection lies. The shop must of 
necessity be fairly good, well decorated and 
attractive. The fittings required are merely the 
usual counter, one or two glass cases, and lettered 
cardboerd portfolios for music, all of which 
should cost not more than £10. 

Stock. Owing to unohecked piracy in 
sheet music, there is at present no profit in it 
in Great Britain. Yet it is useful'in keeping to- 
gether a connection, or for attracting fresh cus- 
tomers. The typical music-shop is stocked with 
medium-priced end cheap pianos, American 
organs, self-players and phonographs, violins, 
mandolines, and other stringed instruments, 
military wind instruments, besides the ‘“‘ cheap 
lines,” such as melodeons, whistles, mouth- 
organs, fiddle-strings, and various accessories. 
There is no need, at first, to tie up capital by 
keeping all such goods in stock. Pianos, 
and, in fact, nearly all musical instruments, 
may be obtained from the wholesale houses 
or factories on sale or return. They seldom 
need to be paid for until actually sold. Of 
course, if the beginner has a capital of £100 or 
£200 to expend, it is advisable to pay for as 
much of his stock as he can, so that he ma 
be independent of trade oreditors. Wit 
a few second-hand pianos acquired before 
starting, the beginner has already a show. He 
may then order half a dozen new pianos of 
various prices, and two American organs on 
approval. Then he can order, in the same 
way,or paying cash for the “small goods,” three 
or four violins and three or four mandolines, and 
@ judicious selection of accordeons, concertinas, 
autoharps, flageolets, whistles, mouth organs, 
jaws harps, music desks, fiddle and mandoline 
strings and fittings. A sum of £20 should suffice 
to make a good display and give a varied 
stock of these goods. Another £20 would be 
expended on sheet music, carefully selected 
and varied to suit all tastes. The selection or 
particular kind of stock necessary can be gauged 
only by carefully anticipating the needs of the 
neighbourhood, and it is here that the 
judgment and foresight of the beginner must be 
intelligently exercised. The large houses issue 
well-illustrated and comprehensive catalogues 
showing exactly every detail of articles wanted. 
The scope in small merchandise should not 
be overlooked by a beginner, as it is often 
relatively more profitable than the high-class 
trade. 

Sole Agencies. To prevent underselling, 
menufacturers of standing, with but few ex- 
ceptions, nowedeys appoint a sole egent for 
each district or town. He has the right to 
etrenge sub-agencies. But there is little profit 
derivable from a secondary appointment. The 
beginner will have no difficulty in ascertaining 
the names of the sole agencies held by established 
rivals in his locality. There are s0 m2ny makers 
of repute that it should be easy to add another 
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name to the list. A glance at the advertisements 
in the ‘“ Music Trades Review ” or the “ Musical 
Opinion ”’ will enable the new-comer to approach 
those houses most likely to be useful to him. 
It is desirable to acquire the sole right to 
sell, within his town and the area covered by 
his tuning connection, one high-class make of 

iano and one medium class. At the annual 

usio Trades’ Exhibition, if he has an 
opportunity of visiting London, he will be ablo 
to arrange for a cheap line and be sure of getting 
value for his money. The point is to see that 
such instruments stand in tune. Touch and 
tone-quality are secondary considerations, 
although they rank first with high-class makes. 
On the choice of the cheap line will most likely 
depend the success or failure of the new business. 
To every expensive instrument sold, probably 
a dozen cheap pianos will be disposed of. As 
the price is cut as finely as possible, and such 
instruments may be obtained wholesale from 
£10 apiece, the desler is expected to pay promptly 
for them. 

Hire Syatem. When instruments are 
sold retail on the instalment plan, the profit 
on them furnishes the dealer’s main source of 
income. But if this capital be small, the rock 
on which the practical man usually comes to 
grief is selling too many instruments on the hiro 
system. Sometimes, evon in cheap lines, manu- 
facturers, eager to do trade, hold out the induce- 
ment of extended credit, and accept bills. When 
such bills become due, it is difficuJt to renew them. 
To give acceptance for goods received is always 
dangerous. Unable to find the necessary money, 
owing to the pianos received having been sent 
out on the hire-purchase system, the dealer is at 
the mercy of his wholesale “ friends.” He is 
fortunate if they take over his business, retaining 
him as manager. In that case, he will get a 
small salary and a commission on sales, so that, 
however hard he may work, a third party, 
unknown to his neighbourhood, pockets the 
harvest which should otherwise have been his. 
Many prosperous musi:c-dealers owe their 
financial success to observance of the rule 
never to sign a bill. 

Making a Connection. As regards the 
medium and high-class makes, these give the 
new business its reputation and furnish the con- 
nection with its best customers. Whenever 
an instrument of 50 guineas or upwards is 
sold, the dealer will have little trouble in 
arranging to tune the instrument pagent y 
by yearly contract. According to the distance, 
80 the price for four quarterly visits ranges from 
12s. to 428. per annum. a reduction being made 
for a second piano in the same house; and the 
tuner, after he has done his work, gets the 
contract-card signed, as a proof that the instru- 
ment has been duly attended. This is valuable 
to refer to when disputes arise after Christmas, 
before bills are paid. The new-comer will find 
that two sole agencies are sufficient for him. He 
should concentrate his energies on selling those 
instruments, but, before doing so, should be 
careful that the agreement he enters into with 
makers is so worded that, directly a domand is 


3881 


created, the ag may not be taken away from 
him and put into. other hands. : 

Commiesionsa. It is in the sale of the higher 
class instruments that the question of commission 
arises. The music teacher, who has been the 
means of bringing an order for a piano to the 
dealer, naturally expects to be reimbursed for 
the time and trouble he has taken in the matter. 
But since the London Co-operative Stores, by 
Aas, Mabry orders, have been able to buy 
in bulk at dealers’ prices, and have sold musical 
instruments to the public for cash, on terms 
formerly reserved for members of the musical 
profession, profits on cash transactions have 
greatly diminished. As the amateur purchaser 
receives stores prices, the margin left is nominal. 
Yet the intermediary is not likely to go out 
of his way to influence business if he does 
not receive back his expenses. What the Law, 
in recent enactments regarding secret com- 
missions, stipulates is that an intermediary may 
act cither on behalf of the seller or on behalf of 
the buyer, but he cannot represent both parties. 
Obviously, the music teacher, when he chooses 
a piano, and stands sponsor for it, endeavours to 
select the best instrument he can to help on the 
studies of his pupil. Therefore. as he is acting 
on behalf of the purchaser rather than the seller, 
it is becoming the rule of the professor to toll the 
parents the professional price, and add to it a 
reasonable fee for his services in that matter. 
Under such circumstances, no subsequent claim 
is made on the dealer. 

Three Years’ Agreement. Before 
supplying any musical instrument on the system 
of hire-purchase extending over one, two, or 
three years, the dealer should be careful to get 
a legal form signed and witnessed. It should 
bear a sixpenny stamp, fully describing the 
piano or organ supplied, and state the amount 
of the instalments and the dates when they 
become due. But the main object of the docu- 
ment is to make clear that until the instrument 
is paid for it remains the property of the dealer, 
and cannot be distrained for rent by a landlord, 
and that, in the event of its being destroyed by 
fire, the hirer agrees to continue to repay its 
value. In the event of the instalments falling 
into arrears, the owner also has the right to 
recover the instrument. Legally-worded forms 
are obtainable from the office of the ‘* Music 
Trades Review.” In oxceptional cases, dealers 
have been unduly hard in resuming possession 
of & piano when almost all the instalments have 
been met. Sharp practice of that kind is, how- 
ever, rare. It does not pay. What does pay 
is to hire out instruments on this system to 
customers whose instalments are received 
punctually, so that the dealer can not only meet 
his obligations to the manufacturer, but give 
the latter fresh orders. Care, therefore, should 
be exercised, in the first instance, to insure that 
the customer is honest, and a couple of references 
should be required. 


Exchanges. Naturally, the first endea- 
vour of the music dealer must be not only to 
supply what is wanted, but to make each trans- 
action yield a profit. This is a difficult matter 
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when orders for new instruments involve taking 
back old ones. People attached to old pianos 
fail to understand, that modern improvements 
have rendered them out of date and commercially 
worthless. The outside may be “as good as 
new, and the original cost £150, but the twenty- 
ear old grand .is probably not worth £65. 
evertheless, the dealer may be obliged to offer 
£10, and his only way to dispose of it will 
igen? be to get a traveller to take it off 
ia hands, at the best price possible, condi- 
tionally on his giving the latter an order. 

Ordering Music. Travellers’ terms for 
music are more tempting than those offered by 
the publisher direct. The latter, when he brings 
out a new song or piano piece which he believes 
will become popular, speculates by printing a 
considerable number, and offers exceptionally 
liberal terms through his traveller to induce the 
dealer to share the risk with him. But the 
beginner cannot take risks. His music shelves, 
bearing the words “Songs,” ‘‘ Dance Music,” 
** Piano Solos,” “‘ Piano Duets,” etc., are mostly 
often dummies. It would not pay him to keep 
in stock the entire repertoire of the average pro- 
fessional or amateur musician. Instead, he 
orders single pieces of music by post direct from 
London through some friendly publisher who 
acts as collector for him. Some dealers make up 
such a list of music wanted twice a weck on 
order sheets. In any case, a music-dealer should 
never depute an underling, however honest he 
or she may be, to give orders to travellers. A 
case occurred a few years since where a lady 
assistant was entrusted to order sheet music from 
samples. Instead of distributing such orders 
impartially to the different representatives who 
called, she put all her eggs gradually into one 
basket. The result was that when, at the end of 
the year, the proprietor came to take stock, he 
found his shelves loaded with ephemeral songs 
and dance music bearing the same imprint and 
worth the price of wastepaper. A golden rule 
is always to have the hands clean whon showing 
sheet music. Once soiled, it becomes unsaleable. 
If possible, it should be put away into its case, if 
not wanted, before the customer leaves the shop. 
If there is small profit on sheet music, a better 
investment is to be found in albums of standard 
songs, pianoforte sonatas and oratorios. These 
do not spoil by keeping, nor get out of date like 
comic songs, ballads, and dance music. Some 
houses have an ingenious plan of furnishing 
entire libraries of classical music, indispensable to 
teachers, on favourable terms, provided that such 
stock is insured against fire or other damage, 
and the music-seller immediately orders a fresh 
piece to supply any piece sold. 

Looking after the Shop. Better have 
no shop at all than not look after it properly. 
To many a beginner in the music trade, how to 
be in two places at once is a troublesome problem. 
His main source of income may depend, at first, 
on his tuning connection. That cannot be 
neglected. Prospective purchasers have to be 
waited upon at their residences with catalogues, 
etc. During such visits, a customer, who should 
receive special attention, may call at the shop. 


It is here that the ‘intelligent co-operation of 
sister or wife has often the making of a 
young man. Ladies have mere patience with 
callers whose visits are unprofitable. It is un- 


attend hes have served a long tuning apprentice- 
ship to be able to waste half a day exchanging 
sheet music or selling fiddle chal Yet this 
has to be done. The young dealer should arrange 
his work so as to be in charge of the shop on such 
days which are busiest in the week. In country 
towns, this is generally when market is held and 
people make their purchases for the ensuing 
week. It is suicidal, however, for the beginner to 
neglect his tuning connection for the sake of the 
shop. If he is not in the happy position of having 
a wife or a sister to look after bal map in his 
absence, he should engage an alert lady assistant 
at a cost of 15s. to £1 a Some tuners 
teach piano playing, and it may possibly pay 
to engage a lady teacher to play and teac 
in the shop, looking after the retail business 
in the meanwhile. The fee usually paid to a 
professional in such a case would be £1 a week 
with a commission on the teaching. 

Repairs. The practical tuner, on his rounds, 
frequently has to attend to minor repairs. A 
keyboard instrument, unlike a violin—although 
that often requires seeing to—has much mech- 
anism which wears out after a certain time. To 
repair a piano thoroughly, the shop must be 
provided with an apartment containing a bench, 
a hammer-covering machine, and other appli- 
ances. To fetch the instruments, a van will 
have to be hired, or, if that is not obtainable, a 
cart, should it have no springs, must be lined 
with straw. The repairs will probably occupy 
two months, and another instrument has to be 
supplied meanwhile, its use being included in 
the estimate given. For re-covering hammers, 
the usual charge is from £3 to £5, while a thorough 
repair, according to the work necessary, may be 
from £10 to £30. Where the workshop is not 
fully equipped, it is best for the dealer to send 
the number and other particulars to the maker, 
get an estimate, and then forward the instrument 
to headquarters. It is advisable at first to send 
as many of the small repairs as possible to a 
factory, for such work must be completed 
without delay, and the tuner’s time can be better 


gg 

aking Stock. The practice of shutting up 
during the afternoon on the now customary 
“* Karly Closing day ” gives the beginner a weckly 
opportunty to make up his books, attend to 
repairs and other matters of importance without 
being interrupted by visitors. A man who has 
been trained as a practical tuner and not as a 
clerk often finds the clerical work irksome at 
first, but if he does not master the rudiments of 
bookkeeping he cannot hope to be successful 
financially. A good check on each day’s takin 
is an automatic cash register. All items should 
be entered in a day book and transferred into a 


ledger. A diary, in which is recorded the dates 
of tuning visits due, should always be kept up, 
and customers informed by postcard before 
visit. But a very important matter is not to 
neglect taking stock. is should be done onve 
@ month, and most carefully at the end of the 
year. It may involve considerable work to go 
through a quantity of sheet music and musical 
accessories which have accumulated. It is 
better to sacrifice profit and get rid of them, be- 
cause a “sale? may attract new customers, and 
8 is always of value. The main point is that 
the dealer should balance up his books periodic- 
ally so that he may know how he stands finan- 
cially, and reduce expenses in certain ways if he 
finds his liabilities increase unduly. 

Aide to Business. The tuner who is 
also a good musician may perhaps increase his 
success in the neighbourhood by organising 
at-homes, concerts, and so forth, and by playin 
in private houses. The usual fee for nich 
service is from 10s. 6d. to £1 1s. per night, 
but it is fatiguing work, and ruinous to health 
if kept up for any length of time. Although a 
matter of £20 to £30 a year extra may be made 
in this manner, and it may be helpful as an 
advertisement in the district, it should be dis- 
continued as soon as possible. 

Hiring out pianos to concert halls and to 
parties is another way of making an additional 
Income, and an able man is always ready to 


supply orchestras, ctc., for evening parties, 
all of which should bring profit in the way of 
commissions. 


But these things are subsi aa 
to tuning, which should be ogee nurtured. 

The Queation of Profits. The average 
percentage of profit on the sale of music is 
a smali one. It must not be forgotten that the 
articles sold are, in a sense. luxuries, unlike the 
necessities of life supplied by a grocer, butcher, 
or similar shopkeeper. The average of profit 
on the direct turnover should actually realise 
from 30 per cent. to 40 per cent. Sheet music 
of the cheaper sort bears a big profit usually 
—a sixpenny song will cost less than threepence 
—but the higher-priced music, that marked 4s., 
but actually selling at Is. 4d., costs about 
1s 2d. wholesale, and sometimes more. There 
is therefore no profit in selling the dearer music 
under present conditions; but there is a big 
future for cheap music, provided the cutting of 
price is effectually prevented. It is not only thet 
the depredations of the ‘ music pirates ”’ are to be 
deplored, but that the suicidal undercutting of 
prices between one dealer and another in the 
trade prevents a living profit being obtained 
for everyone. The music trade has its possi- 
bilities for the intelligent dealer, and par. 
ticularly for the careful, efficient and well-trained 
tuner. There are s0 many imperfectly-trained 
and incompetent “tuners” at work that the 
energies of competent and careful men, if 
properly directed, reap a rich reward. 


Continued 
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ENGINEERS’ COPPERSMITHING 


Brazing Materials and Practice. Copper Pipes and Spheres. 
Templets, Bends, Tees, Branches, Joints, and Flanges 


By JOSEPH 


FE-NGINEERS’ coppersmithing is a special 

branch of work done by men who have 
usually been trained in engineers’ works, and 
have therefore had no experience as braziers or 
artisans in cooking utensils. It includes the 
work of the marine and locomotive shops, of 
brewing utensils, sugar-pans, and some pump 
parts. The principal kinds of articles treated 
are pipes, bends, tees, with their flanges or other 
fittings, steam-dome coverings, safety-valve 
covers, coppers, , etc, The shops are larger 
than those of the ordinary brazier’s, and the 
appliances are larger, and some are of a special 
character. The work of the engineers’ copper- 
smith has been invaded in one direction by the 
manufacture of seamless pipes and tubes, and 
by those that are produced electrolytically— 
developments due to the risks of using brazed 
pipes for the high steam pressures now common. 
Much bending of pipes is also done by means 
of rollers instead of by hand. 

The Shop. The engineers’ coppersmiths’ 
shop is, as a rule, larger than that of the ordinary 
brazier’s, because the mass of work done is 
larger. Itis also more lofty, 80 as to permit of the 
handling of pipes, which form the largest section 
of the work done. The pipes and other articles 
are hung from a hook on one end of a chain, which 
runs over a pulley suspended from another pulley, 
or traveller, that runs along a rail below the roof. 
There are hooks in the walls, to which the free 
end of the chain is attached when work is slung 
over the forge fires for brazing. The shop also con- 
tains a mandrel-block [825], with holes to receive 
numerous mandrels for bending pipes and other 
articles on ; also a bending-block [831], a floor- 
block [326], with holes for various stakes ; forges ; 
vice-benches with drawers; pits, 5ft or 6 ft. 
deep to receive pipes, and, having a blast-pipe for 
brazing; fires for melting resin and lead for 
pipe filling; trestles for carrying work upon, 
and some other common appliances; and a 
stock of tools, as stakes, hammers, cods; also 
bins for coke, boxes of spelter solder, borax, etc. 

Pipe Work. Straight copper piping is now 
seldom made by bending and brazing, but the 
same methods are often employed in other work, 
and in odd sizes and shapes of pipe. Bending is 
done round mandrels, and the joints are made 
either by thinning or cramping [827]. Thinning 
alone is suitable for heavy material, but cramping 
is nearly invariably necessary with the lighter, 
because it strengthens the joint materially. 
Notches are out along one edge at a bevel, at 
intervals of from about | in. to 3 in,, dependent on 
the size of the work, and the metal is bent to 
right and left alternately. The other edge is 
thinned and inserted between the cramp, as 
shown to the left in 327, so that alternate cramps 


3884 





G. HORNER 


come on opposite faces of the thinned edge. The 
pipe is bound with wire [828], and the joint closed 
with a mallet or hammer round a mandrel. It 
is then chattered, or jarred, to cause the parte to 
open slightly, so as to permit of the spelter 
solder flowing between the adjacent overlapping 
portions, 

Brazing Materiales. The methods of 
brazing are all essentially alike in principle, 
but details differ with the character of the 
work. Sometimes the borax and spelter arc 
charged separately, but it is better to mix 
them in equal proportions with water, and 
preferably a day or two before use. The 
mixture must be laid evenly along the joint, and 
the pipe or other article placed in a clear coke 
fire, of which the temperature is regulated until 
the borax fuses and drops, and the spelter begins 
to melt and run, as indicated by the blue fumes 
of the zinc. It may be necessary to add more 
borax finely powdered, and the pipe may be 
tapped lightly to assist the running of the solder 
in the joint. Spelter solders are composed of 
various alloys of copper and zinc. The strongest, 
for copper, comprises 3 of copper and 1 of zinc. 
A weaker is 16 of copper to 12 of zine. Another 
is 8 parts of brass tubes to 1 of zinc, and for brazing 
brass, 1 of copper to 1 of zinc. Joints to be brazed 
are cleaned by covering the parts with a strong 
brine made of salt and water, then heating to a 
cherry red, and quenching in clear water—which 
also has the effect of annealing the copper—fol- 
lowed. by scouring with clean water and sand 
applied with a wad of tow. 

Brazing Practice. A piece of pipe 
must be laid horizontally for a seam joint, and 
if the joint be long, runners should be provided 
on stands outside the forge to allow of ready 
and easy movement of the pipe through the 
fire. If joints have to be made in pipe lengths, 
they must be suspended vertical , and the 
joints are those suitable for pipe, being either 
flush [829] or socketed [880]. The first retains the 
external diameter, but reduces the bore; the 
second retains the bore, but enlarges the external 
diameter. A flange, A, is laid off on the socketed 
portion to retain the solder and to prevent it 
from running away outside the pipe. This is 
filed off subsequently. Such joints are made 
cither by soldering or by hard brazing. If the 
former, both internal and external pipes must 
be tinned. Heat is applied to the pipes for 
soldering and brazing by means of fire-pots. In 
small pipes sufficient heat may be obtained by a 
pair of red-hot tongs. Large pipes may be soft- 
soldered by hanging a pot of burning charcoal 
inside. But in other cases a fire-pot encircles the 
pipe, and the latter is held with screw clamps in 
suspension within the pot, the height being 
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TOOLS AND PROCESSES IN ENGINEERS’ COPPERSMITHING 


bound with wire 
Pipe templets 


33 


33 


Cram 


block with attachments 


-board 


nned and notched 328, 


831. Bend 
335. Temp 


326. Floor-block 327. Edges thi 


330, Socketed joint 


325. Mandre)-block 
329, Flush joint 
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adjusted with one of the sling chains, to which 
a weight is added on the slack side to counter- 
balance the re of the pipe, or the chain may 
be fastened to the wall, ths fire-box rests upon 
& clamp which is made to grip the pipe. It is 
filled with charcoal and coke broken small, and 
is fitted with a blast-pipe and holes arranged 
round an annular ring, much resembling the 
arrangement in the annular wind-chest of a 
cupola furnace. Care must be taken that the 
solder does not run away at the bottom of the 
joint. Lampblack and gold size may be rubbed 
round the bottom, or moist clay. Or, if the joint 
be tinned, the tinning must stop short of the end. 
As soon as the spelter has run, it is skimmed off 
flush with the top of the socket, and salt is strewn 
on to kill the borax, which would otherwise Icave 
a hard surface to interfere with subsequent filing. 

Pipe Bending. There is a good deal of pipe 
bending done. In the absence of special machines, 
simple leverage is the method adopted, and a bend- 
ing-block [381, A] is fixed in the floor of the shop 
for the purpose. It is of cast iron, about 14 in. or 
15in. square, and pipes up to 5 in. can be bent on 
it byhand. It isshouldered, or rebated, round the 
top to receive an iron strap, B, by which a lead 
piece, C, is secured on the block. This lead piece 
has a hole to take the pipe to be bent without 
bruising it. The leverage is taken against a back 
plate, D, that fits by pins edgewise on the bending 
block. When the lead piece is not used, a pin, 
EK, is dropped into a hole on the top of the block, 
and the pull taken between this and the back 
plate. The pipe is pulled round by a lever, F, 
secured thereto with a loop of rope or a copper 
band. Bruising is prevented by packings of lead 
or soft wood at all localities where pressure is 
made against the pipe. 

Two preliminaries are essential to bending 
pipes and tubes—filling the pipe with lead or 
resin to prevent puckering, and annealing the 
part to be bent, the remainder to be left hard. 
For small curves, soft lead is better; for long 
ones, resin. The straight part is not filled, but 
the progress of the lead or resin is arrested where 
required by rolling up a hard ball of paper and 
thrusting it in. The lead or resin are melted out 
subsequently to the bending. 

Templets. Pipes are generally tested during 
bending by templets of iron rod of from } in. to 
# in. diameter in smaller and larger templets [382]. 
The rod must be sufficiently stiff to retain its shape 
while being handled. The curves correspond with 
the centre of the pipe being bent, and the templet 
is laid upon the pipe from time to time as the 
bending proceeds. Templets of wood [883 and 
334] are frequently made by the pattern-makers 
or carpenters. The outlines of these correspond 
with the external edges of the pipe. They are of 
deal, about } in. or 4 in. thick. If flanges are 
required, these are indicated by flanges nailed 
on the ends of the board and secured with 
brackets, as shown. 

There is a different kind of templet, termed 
the templet board [885], which is not used to give 
the curve of the bends, but their lengths. Its 
purpose is to fix the exact positions which the 
flanges have to occupy in the marine engine or 


3886 


locomotive, so that they £° into place without 
any tentative fitting. repetitive work a 
model of the part in which the pipes have to fit 
is kept. Thus the steam pipes for locomotive 
smoke-boxes are fitted in a model box, and go 
into the engine only when the work is finished. 
The templet board [885] comprises two boards, 
hinged so that they can be set to right or other 
angles, with wing or quadrant pieces, and clamped, 
and the faces of the flanges are fitted against 
them at the lengths required. They are most 
useful for repair work, since a broken pipe can 
be pieced up and repaired to correct lengths by 
first fixing the templet board correctly, and 
marking the positions of the flanges on the board. 

Made Bends. The term made bends 
signifies bends that are not bent from straight 
pipe, but are made in halves from copper sheet, 
which is hollowed to the forms required in 
hollowing blocks and over tee stakes. The halves 
may be joined at the sides [886] or along the 
interior and exterior radii, throat and back [387]. 
This is more difficult work than mere bending of 
pipes, because the metal has to be upset on the 
shorter radii, and drawn on the larger, and 
wrinkles will form which will have to be worked 
out over the tee stake. The joints are made 
by cramping, and closing over a cod [888] on a 
mandrel standing out from the mandrel block. 
Allowances have to be made for the bending and 
puckcring which takes place, and much practice 
is necessary to ensure good results. In manipu- 
lating large bends for brazing, the halves arc 
pulled together with an encircling chain and 
bolt slung suitably ovor the fire, so that they 
can be readily manipulated without crushing 
the fire. 

Tees and Branches. These are attached 
to pipes by soldering or brazing, though in some 
cases they are cut from the solid sheet. When 
fitted, the end next the pipe is bell-mouthed and 
flanged slightly, and the flange is fitted to the 
curve of the main pipe (389]. A hole is cut in 
the latter, smaller than that in the branch, to 
allow metal for turning outwards to enter the 
flaring portion of the branch. The burred edge 
is made to fit neatly within, and the flange on 
the outlct to fit the pipe body neatly. The joint 
is then ready for securing. If it be soft-soldered, 
the joint faces are now thinned ; if to bo brazed, 
the flange of the branch is coated with spelter 
solder. The spelter is strewn on the face and 
melted, and spread evenly over it. It is then 
placed on the pipe and secured with binding 
wire, and the pipe laid on the forge. Spelter 
and borax are strewn on flange and pipe adjacent, 
and the parts are heated up slowly at first, and 
more rapidly as the heat increases, until the 
spelter runs through the joint. 

Made Tees. Large numbers of tee-pieces, 
or three-way [340 to 342], and four-way, or cross- 
pieces [843], are made from copper sheet, which is 
cut, cramped, and brazed. There are different 
ways of jointing adopted—in the plane common to 
the branches, in saddles or throats, or at right 
angles therewith, with gussets [841 and 342] or 
without gussets [840]. Large bends are better 
made with the joint in the throat and back (saddle 
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386 and 337, Made bends 338. Cod 3839. Branch fitting 340-342. Tee-pieces 343. Cross-piece 
344, Expansio.a joint 345, Pipe suspended for brazing a flange on 
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and back) than in 
tag direction, 
man are 
made in the latter 
way. Fig. 848 shows 
a tee piece, but the 
jointing may be done 
in alternative ways, 
as in bends. 
E Expa = sion 
oints. xpansion 
joints [844] a in 
frequent use, and are 
made by two conic 
frusta in the first 
place, with cramped 
seams, which, after 
being drawn out 
round the edges by 
hammering, are 
cramped in the cen- 
tral plane of the 
expansion piece and 
brazed. The brazing 
may be done from 
inside or outside. 
The figures to the left 
show one coned piece, 
and the same when 
drawn out or bell- 
mouthed, 

Flanges. Large 
numbers of flanges 
are brazed on copper 
pipes. The pipes are 
slung vertically with 
flanges lowermost 
[845]. A little clear- 
ance is allowed for 
the spelter to run 
in, The hole is 
slightly tapered, and, 
properly, the end of 
the pipe should be. 
The flange bore is 
countersunk on the 
face side, and the 
pipe very slightly 
opened out [see also 
346]. The countersink 
is filled with fine soft 
clay, to prevent the 
spelter from running 
away. Sometimes the 
heat has to be pre- 
vented from going u 
the pipe by filling it 
up with a plug of 
wood or cotton-waste, 
or, in large pipes, with 
an iron due luted 
with fine clay. 

Fig. 346 shows the 
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at one end, as in 846, 
and a cone at the 
other. Both are 
bored to fit the pipe, 
and brazed when in 
a vertical position. 
ane countersunk ne 

urring over at the 
flange end will be 
noticed, and the recess 
in the top of the cone 
piece to receive the 
solder. The cone is 
covered with fireclay 
and plumbago during 
the brazing. 

All flanges to braze 
to copper pipe must 
be of pure copper, or 
of brazing metal, 98 
of copper to 2 of tin ; 
or a mixture of 1 lb. 
of old copper to 1 Ib. 
of brass tubes. If 
flanges are supplied 
of ordinary gunmetal 
they will melt before 
the spelter fuses. In 
such a case the melt- 
ing point of the spelter 
must be lowered with 
slight additions of zinc. 

Hollow Spheres. 
Hollow spheres [847] 
are produced by 
hollowing in halves, 
which are brazed to- 
gether. The diameter 
of the dise to form, 
when raised, the half of 
a sphere 1s obtained by 
the well-known pro- 
perty of the sphere— 
namely, that its sur- 
face 1s equal to that 
of its circumscribed 
cylinder, or equal to 
that of four discs of 
the same diameter as 
that of the sphere. 
So that the surface 
of each disc would be 
equal in area to that 
of two discs of the 
same diameter as the 
sphere, to which allow- 
ance must be added 
for seams. Hollow 
Spheres are made in 
solid halves, or in 
halves as a frustum of 
a cone, and a bottom 
or pan cramped and 


internal steam - pipe 4 B 350 Cc brazed in; the latter 
of a locomotive that being sometimes more 
runs from the tube COPPERSMITH WORK AND TOOLS convenient than hav- 


late to the regulator. 346. Steam-pipe with fan and cone $47. Hollowing a ing to find metal for 
t has a flange brazed ere the. Steam do Blac eeu ery ee large discs. If a disc 
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be used, a circle is struck from the centre 
having a diameter equal to half the diameter 
of the disc to serve as a guide for wrinkling 
into cup or pan form first. Next, the wrinkles 
are worked out with the hammer over a stake 
and smoothed, which is the stage in 347. An- 
nealing follows, and the wmnkling is repeated 
in courses. Then the lag, or angle betwoen 
the sides and bottom, 1s hammered out on 
a stake, and the curve of the side and 
bottom produced. After annealing, cleaning, 
and planishing, the halves are ready to go 
together. If the halves are produced each by 
cramping a bottom in a conic frustum, the 
conic frustum is formed by a cramped’ and 
brazed joint, and the bottom cramped and 
brazed in. Afterwards the spherical form 1s 
imparted by hammenng. 

Dome Coverings. Dome coverings [348] 
are made in sheet brass in two pieces, a cylinder 
and a crown, brazed with cramped joimts. 
The diagram shows the operations clearly, 
The foot is worked round by hammering, and 
the top or crown in a hollowing block, or at the 
mandrel block m courses, annealing being done 
between the courses. After smoothing, it is 
cramped and brazed, being slung on the traveller 
chain. The brazing is done in detail, one cramp 
at atime. The cover shown has a hole in the 
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top. When this is not the case the cap picce 
may be cupped out in the solid, or it may be 
made with a hole as shown, and a crown picce 
cramped on and brazed. 

Fig. 849 shows a few only of the principal 
hammers which have been referred to in this 
article. They are the hollowing (A), the planish- 
ing (B), the razing (C), the creasing (D), and the 
riveting (EK). Fig. 850 shows some of the stakes, 
A and B being bullet stakes, straight and 
cranked, C a horse with stake insertcd in the 
end, the angling of the horse bemg done to 
enable awkward work to be tackled. 

Fig. 851 illustrates the coppersmithing shop 
of Messrs Isaac Storey & Sons, Ltd., at Man- 
chester. Instead of the traveller chains, it 1s 
fitted with swinging jib cranes and an overhead 
traveller. Two pans are seen in the foreground, 
one to the right cramped ready for brazing, and 
one to the left already brazed. The brazing 
hearth stands just behind. 

Behind the hearth the workman has a bend 
pipe suspended over a mandrel sticking out from 
the mandrel block. At the extreme left-hand 
lower corner a hemispherical piece is having its 
wrinkles taken out by planishing. At the 
extreme right lower corner a condenser is 
being fitted up. Various templets will be secn 
hanging on the right-hand wall. 
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By Professor JAMES LONG 


Value of the Grasses. In supplying food 
to the cow it is more advantageous, because 
more economical, to provide a mixed ration, 
where the animals are stall-fed, than food of one 
particular kind. Thus, during the grazing season 
® cow obtains upon the pastures, unless they 
be very inferior, a mixture of grasses, clovers, 
and other herbage which not only belong to 
different. natural orders but which are differently 
composed. Grass is the most important food 
of the cow, and it is important in proportion to its 
quality and variety. Grass, however, is a term 
applied to the her growing in pastures and 
meadows, and is, therefore, as already observed, 
a mixture of many plants. Both pasture and 
meadow careful cultivation for hay 
provide @ minimum number of inferior 
and weeds and a maximum number of superior 
grasses and. plants of the clover tribe, which, 
flowering at different periods, provide a succession 
of growths, and maintain, therefore, a sufficient 
bite for grazing stock. Although cows may 

ve during a large part of the year, the 
erbage is more or less abundant only between 
May and October, and unloss the land be over- 
stocked it is during this period that they improve 
in condition and yield the largest quantity of 
milk. Mature grass, partly owing to the fact 
that it contains more fibre than young grass, 
is of less value as a food. When young and 
succulent it is more nourishing and digestible, 
and when cut and dried it produces the best 
hay. There is no greater mistake than that 
pone Baprati by those who leave grass crops 
intended for hay until they have passed maturity 
in the hope of obtaining a larger crop. The 
di of hay gained may be greater, but 
quality is sacrificed. The value of grass, like 
hay, depends largely upon its richness in digest- 
ible albuminoids, and the proportion of these 
materials present in 8 sample is greater when 
the grass 1s young. 

The Foods that Should Supplement 
Grass. Where soil is in poor condition the 
grasses are not only inferior in quality but in 
variety, nor do they grow so luxuriantly. The 
result is that it becomes necessary to supply the 
cows either with green forage crops to supplement 
grass or with meal or cake in order to make 
up for ita deficiency in nutritive matter, and 
especially in the albuminoids. Where grass is 
luxuriant but deficient in clover herbage, an 
addition of a nitrogenous cake or meal is desir- 
able [see page 2704], the oclovers being the 
richest in nitrogenous matter among the culti- 
vated pasture plants. The rainfall is also an 
important factor, and it is for this reason that 
corn-growing is common in the Eastern and 
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grass in the Western counties. The systematic 
supply of manure, or the feeding of the cows 
upon cake, is followed by an increase in the 
clover herbage, especially in white clover, and 
where a pasture or meadow is well stocked with 
aot ted and perennial shh armies latter a rich 
and important t—ite feeding value is con- 
siderable, 

Varieties of Graasea. The farmer should 
make himself acquainted not only with the 
clovers and trefoils but with the superior and 
inferior grasses {see pages 872 and 940}. Among 
the former are foxtail, cocksfoot, perennial rye- 
grass, catstail or timothy, hard feacue, tall 
fescue, meadow fescue, and smooth-stalked 
meadow grass ; while among the latter are red 
fescue, sheep’s fescue, the brome grasses, fiorm 
or creeping bent, Yorkshire fog, and tall oatgraas. 
There are, however, many others of doubtful 
quality. Among the weeds, yarrow or milfoil, 
plantain, and burnet are sometimes classed, but 
these and other plante which belong to neither 
the grass nor the clover families and which are 
commonly found in pastures and meadows are in 
many cases relished by stock. The ision of 
Kquid manure, which sometimes enables the 
scythe to cut four crops of grass in a seayon, as 
employed in Scotland and Switzerland with 
great advantage, very largely increases the weight 
of the crop; and this remark applies equally 
to the employment of farm sewage. This manure, 
chiefly the urine of the cattle, is distributed 
over the land immediately after the cut graas 
has been removed. It may be remarked that 
its influence is not only owing to its marked 
superiority over solid manure but to ite liquid 
character, gratifying to plants at a time in which 
the soil is dry. The extra labour involved is 
more than repaid by the largely increased crop. 

Feeding in Hot Weather. Cows are 
Sedeny fed on ryegrass manured with liquid, 
or upon forage crops of other varieties, lucerne, 
vetches, clover, sainfoin, maize, green rye, and 
cabbage, which are cut, and carried either to 
adry pasture or to the stall in which they are 
tethered during the hot days of summer. Extra 
Jabour is involved in the cutting and carting; 
but, on the other hand, labour is saved in t 
better condition of the ditches and hedges, in 
the driving of the cows to and from the fields, 
in the prevention of their excited and roving 
habite “bite, 4 to the heat and to flies, with the 
result that they do not break into the cornfields 
of neighbours, involving e and unfriend- 
Yimess. In the Channel and in some 

of the Continent, especially in France and 
k, cows are frequently tethered upon 
grass, a stake, to which a rope or chain is 


attached, being driven into the ground, and a 
limited supply allotted to each animal. 

Hay. In many ve of England hay forms 
the principal part of the winter ration. As we 
have seen, it varies in quality with the age and 
character of the grasses from which it is made. 
If the grasses were old before cutting, the stems 
may be chiefly composed of useless fibre, the 
nutritious portion of the plant having passed 
into the seed, which, where cutting is too long 
delayed, is often shed ae the ground. In 
such a case hay is of but little value. Inferior 
hay contains a much smaller quantity of feeding 
matter than good hay. It may, nevertheless, 
be utilised if the feeding matter which has been 
lost be added in the form of cake or meal. Where 
hayis employed as a leading food a cow may 
receive from 10lb. to 25 Ib. daily in accordance 
with what is supplied in the ration in addition. 
First-rate hay is usually too valuable to employ 
with freedom for valk production, especially 
when prices are high and when other foods costing 
less will secure an equally good result. Good 
hay is the best balanced of all dry foods. Owing 
to its fragrance and sweetness it is agreeable 
to stock, and from this point of view cannot be 
replaced, but for the production of butter and 
cheese it is inferior to grass. Early cut grass, 
which contains moro moisture, demands greatcr 
care in making and stacking. 

Forage Crops. The forage crops are chiofly 
grown for the dairy herd on the arable farm, 
but the grass farmer is wise in planting a small 
area, though succulent food may be employed 
during the months of July and August, when the 
pastures are ey bare. Forage crops, 
without exception, are less well-balanced than 
grass, and therefore less useful when supplied 
alone. Unless they be mixed, as where oats or rye 
are grown with vetches, they should be supele: 
mented with cake or meal to prevent loss by 
waste. Foods like lucerne, vetches, and clover, 
which are exceptionally rich in albuminoids, 
should be supplemented by a dry food rich in 
carbohydrates, while foods like green maize, 
rye, and cabbage, should in their turn be sup- 
plemented with a rich albuminous food like 
cotton-seed meal, bean-meal or pea-meal [see 
Table, page 2704]. If there be no addition the 
excess of albuminoids in one food is not utilised, 
while the excess of the carbohydrates is similarly 
lost in another. 

The remarks upon foods which follow supple- 
ment those already made on pages 2702-6 and 
2904-9, and refer to the special feeding of 
milking cows. 

Leguminous Crops. Among the legu- 
minous crops which are most suitable are 
lucerne, sainfoin, vetches and the clovers. 
Lucerne [page 1197] should, however, be given 
with food rich in starch. Satinfoin yields 
15 tons to 17 tons per acre, and is twice 
cut. Like lucerne, it makes superb hay, and 
is suitable for cows, especially when rice-meal 
or maize-meal are added. Vetches or Taree are 
only once cut, although, when cut early a small 
growth follows. The winter vetch seed mixed 
with oats or rye provides a more suitable food 
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for cows, coming early in spring, when they may 
be followed by eed Gettin which are good in 
late summer and eutumn. Like all similar 
succulent forage plants, the vetch should be cut 
a day before using. If supplied to the cows quite 
fresh, it may cause hoven, or distention of the 
abdomen, which is sometimes followed by 
death. The Clovers [pages 940-1] include tho 
broad red, crimson and white trifolium, 
incarnatum. alsike, and trefoil, which are the 
most suitable as cow foods. They should, 
however, to be perfectly suitable, be mixed with 
grasses or fed on the pastures, or, if in stalls, 
supplied in conjunction with meal nich in starch, 
as already shown. Cows may he tethered on 
either the red or alsike variety, after becoming 
accustomed to the process, here clovers are 
grown with ryegrass or catstail they provide 
a better balanced food. 


Various Forage. Cabbage is grown on 
many soils and to groat weights per acre. By 
the aid of cabbage, forage crops and roots, cows 
may be fed through the entire year on natural 
succulent rations. Aale, a variety of the cabbago 
tribe, may be cut twice. Rye |page 874] is 
perhaps the carliest of all spring green crops. 
The average yield is from five to six tons per 
acre, but owing to its early harvest its value is 
out of proportion to its small yield. Maize 
[page 1198] is essentially carbonaccous. Owing 
to its sweetness it is relished by cows. and 
produces no waste. 


Roots and Tubers. The plants supplying 
these foods are costly in cultivation, but they 
have a double value inasmuch as they enable 
a farmer to clean his land, which they occupy 
with advantago in his rotation. 

The Mangel |page 942] is the most important, 
although, owing to climate, it is generally sup- 

lemented by the swede in North Britain. 

t is harvested in October, clamped, or pitted, 

and usually supplied to cows from January 
forwards, keeping until after midsummer, 
although, owing to chemical changes, its feeding 
value, like its weight, is diminished. Since 
certain varieties are much richer in nutritive 
matter than others, while other varieties are 
greater croppers, the grower should endeavour 
to fix upon tho variety which returns him the 
greatest weight of digestible matter per acre. 
From 20 lb. to 501b. daily may be supplied to 
cach cow. The yellow tankards and globes are 
preferable to the long reds. 

Swedes and Turnips are commonly used for 
dairy stock. Tho approximate percentage of 
dry matter in sugar in the various bulbs referred 
to is shown by the following figures, the re ult 
of the work of the late Sir Joseph Gilbort. 


Dry | Sugar per cent. 


matter 
per cent. 


Roots. In dry 


matter. 

t } 44 to 56 
44 to 66 
65 to 64 
60 to 68 
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In fresh 
roots. | 


White turnips .. 
Yellow turnips... | 
Swedes .. ..! Il 
Mangels | i 


Fier | oe | 
| 


4 to 8} 
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Swedes and turnips may be pulped, sliced, or 
cooked for mixing with the pnts ration of 
chaff, greens, and meal. 

Kohl-rabi is but little used by the dairy 
farmer, although those who grow it for cows 
speak of it in high terms and in some cases prefer 
it to any similar food. Kohl-rabi keeps well 
throughout the winter, and communicates no 
ill flavour to the milk. 

Probably owing to its sweetness, the Oarrot 
is much relished by milking cows. Owing to the 
richness of the carrot in carbohydrates, it should 
be supplemented, .when supplied in large quan- 
tities, by foods, such as cotton-cake, which are 
rich in albuminoids. The crop, when carefully 
stored, keeps well through the winter. The 
leaves may”be fed with advantage. 

The Parsnip [page 945) provides 124 per cent. 
of digestible dry matter in ite roots, 114 per cent. 
in its leaves, of which in each case about 10 per 
cent. are carbohydrates and 1} per cent. albu- 
minoids. It flourishes on a similar soil to the 
carrot, keeps well, but is not so much relished. 
The best field cropper is the Jersey hollow crown. 

The Potato crop, when abundant and cheap, 
is frequently employed either cooked or raw. 

Concentrated Dry Foods. These foods 
are chiefly the by-products of the milling 
of grain, of the processes of oil extraction from 
seeds, and of the manufacture of sugar, starch, 
and alcoholic drinks. 

Iinseed Cake (page 2907] is more useful for 
mixing with cotton cake than for employment 
alone in a ration. It should not be too hard, 
containing not less than 10 per cent. of oil, 28 
per cent. of digestible carbohydrates, and 23 
a cent. of digestible albuminoids. It is of 

igh value in the rearing of young dairy stock. 
When broken it weighs 43 lb. to the bushel. 
The product of the cotton seed is used in three 
forms for cows—as meal, decorticated cake, 
and the common, or undecorticated, cake. The 
last-named is highly fibrous, and if less costly, 
is much less economical, as reference to the 
sian sere tables on 2907 willshow. The 
meal and the best cake are highly relished by 
cows, are of great value for milk and butter 

ction, and are believed to make butter 
er than any other food. 

Rape Cake possesses a disagreeable flavour, 
although it is very rich in feeding matter, and is 
craic used in various patent foods. 

ing to the small demand its price is low; 
but when used for cows patience must be exer- 
cised in inducing them to eat it readily. 
Another useful food, but little used in this 
country, is Palmnut Oake, which is readily eaten 
cows. It is extremely rich in oil, and, when 
obtainable at £5 a ton, it is most economical. 
Bean-meal is highly nutritious, and weighs 
50 Ib. to the bushel. It is useful for employ- 
ment with roots, cabbage, straw, inferior hay, 
rice or maize-meal. Pea-meal is richer than 
bean-meal, and may be ey employed. 
English peas, however, like ish beans, are 
too costly for cows; hence, imported 

pulse isemployed. Lentils are pegeney a ae 
on the market, and if poor in oil, are rich in 


the other feeding constituents. Lentils weigh 
63 lb. to the bushel. Rice-meal is extremely rich 
in starch and should be used on that basis alone. 
It should never be used without analysis. 
Gluten Meal is a residue in the manufacture 
of starch from maize. This is an American 
product of high value, when it is pure; but it 
is only in its experimental stage in this country. 
Bran [8| is a most valuable addition to the ration 
of the cow. Bran weighs 17 lb. to the bushel. 
Sharps or coarse pollards, like middlings, which 
are still finer, but richer in starch, are both 
useful foods when prices are low, and although 
less laxative, they are as rich and as sweet as bran. 
Matze-meal, which weighs 47 lb. to the bushel, 
is a highly concentrated and valuable food, 
largely used when the price is low. Compared 
with the oat, it contains 50 per cent. more 
feeding matter, weight for weight, whén prices 
are identical. Maizo-meal is especially valuable 
when cows are fed upon hay, herbage, or 
forage crops unusually rich in albuminoids. 
Maize Germ Meal is a comparatively new food, 
is rich in all the feeding constituents, and 
when pure and costing £4 to £4 10s. a ton, 18 a 
very useful addition to the ration of the cow ; 
it is, however, frequently adulterated. 

Oats |page 873], although a costly food, 
owing to its low weight, its price per bushel, and 
the proportion of husk or fibre, is one of the most 
valuable for milk production. A good oat, 
weighing 40 lb. to the bushel, and costing 20s. 
per quarter of eight bushela, provides 177 lb. of 
digestible feeding matter at a cost of about 11s.6d. 
per 100 lb. A quarter of maize weighing 60 lb. 
to the bushel, and purchased at a similar 
ieee per quarter, produces 340 Ib. of digestible 
eeding matter at a cost of about 6s. Od. per 
100 lb. Thus, in purchasing foods it is essential 
to consider not only the price per quarter or 
per 100 lb, but the actual cost of the feeding 
matter which each food contains [see page 
2705]. Some allowance, however, may be 
made, as in this case, owing to the mechanical 
superiority and better balance of the oats as 
compared with maize. 

Grains are obtained from distillers end brewers 
in a wet, and from merchants in a dry, or 
desiccated, form. They mix well with chaff 
and other foods’ Dried grains may be used 
with confidence and success if the water be 
carefully added a day before they are to be 
used. They weigh 20 lb. per bushel. Brewers’ 

ins are richer in phosphoric acid and lime 
than the barley from which they are produced. 
Malt Culms, Germs, or Sprouts, are the small 
dead radicles, or rootleta, of barley which has 
‘been malted. They are sweet, of agreeable 
flavour and odour, and well adapted for mixing 
with chaft and roots. 

The strawe of cereals and pulse are of high 
value inasmuch as they provide the padding 
which is so essential in the feeding of an anima 
with such a capacious belly as the cow. The 
best strawa are oat and pea, but wheat, bean 
and vetch straw are sometimes used. Al 
atraws are preferably chaffed, or cho fo! 
mixing with rations. The chief ing con 
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FOODS AND THEIR ADULTERATION (Wicrophotoyraphs by Dr. J. Augustus Voelcker) 


stituents are the carbohydrates and the vellulose, 
of which about one-half are digestible in the 
cereals and slightly more in the pulses. The 
pulse straws not only provide more foeding 
matter, but they are richer in albuminoids. 
Adulteration. In the course of these lessons 
we have often referred to the adulterations to 
which dry foods are subjected, and the analyses 
undertaken by specialists and others holding 
appointments under the various county councils 
and agricultural societies. In the detcction of 
adulteration the microscope is of the groatest 
use, for it is frequently only by it that admix- 
ture of foreign substances can be found out. 
Many vegetable substances, when viewed under 
it, exhibit characteristic markings or general 
appearances which serve to identify them and 
to indicate their presence; whereas, the 
differences of chemical composition as set out 
in the figures of an analysis would not be 


sufficient in themselves to indicate this. We 
give on this page an interosting scries of micro- 
photographs taken by Dr. J. Augustus Voelcker, 
Chemist to the Royal Agricultural Society. 
These show how the presence of certain forms 
of adulterants can be detected. In the top row 
are given the microscopic appearances of bran 
[8], coffec husk [9], and a sample of bran 
adulterated with coffee husk [10]. The cross- 
linear markings of the coffee husk arc very 
clearly indicated. 

In the second row are shown the appearances 
of linseed [11], corn-cockle seed [12], and of a 
sample of linseed cake containing these two 
mixed [13] Rape [14] and spurry [16] are 
other seeds that frequently occur as adulterants 
of linseed in linseed cakes. They each exhibit 
characteristic markings when viewed under the 
microscope. Fig. 15 shows the occurrence of 
rape with linseed in a sample of linseed cake 
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By Professor SILVANUS P. THOMPSON 


Oscillations and Waves. iIn_ the 
haa article [page 3747] it was explained 
ow electric oscillations can be set up in electric 
circuits in which there is a spark-gap; and the 
dependence of the frequency of the oscillations 
upon the capacity and self-induction of the cir- 
cuit was described. We have now to deal with 
the relation between such oscillations and the 
electric waves to which they give rise, and further 
to explain how such electric waves are made 
use of for signalling, without wires, from one 
place to another. 

Electric and Magnetic Fields. The 
first point is to get a clear notion of the fields 
that are set up in space by electric currents 
and charges. On page 562 it was explained 
how a current, even in a straight conductor, 
sets up an invisible magnetic field in the space 
surrounding it. In that case the field consists 
of magnetic lines that surround the conductor. 
Now consider the state of the space that lies 
between any surface that is charged with a posi- 
tive charge and a neighbouring surface that is 
charged with a negative charge. This is the case 
within the layer of glass, or of air, that is acting 
as a condenser charged as explained on page 
3580. The dielectric, whether air or glass, be- 
tween the two charged surfaces is, as was there 
described, in a state of electric strain, there being 
electric lines of force through it from positive 
to negative, and these constitute an electric 
field. Now let us see how these things will be 
in the case of an oscillating circuit. 

An Oacillating Circuit. Fig. 231 repre- 
sents a simple condenser of two flat 
metal plates with a layer of air between them. 
They are joined by a simple circuit made of bent 
brass rods, ending in polished bails, with a spark- 
gap between them, so as to be able to start 
oscillations, as described in the last article, by 
connecting them to a suitable source such as 
an induction coil. Just before a spark passes, 
one of the metal plates is highly positive, and 
the other highly negative, and then there will 
be an electric field across the air space between 
them. When the spark occurs, the positive 
charge rushes round the circuit into the plate 
that was negative, and then surges back again 
with incredible rapidity, sacar aga 3 along the 
conducting circuit. Each such constitutes 
a current, and as the successive rushes are in 
opposite directions the conducting wires ar rods 
become the seat of an alternating current of high 
frequency. Consequently, in the space surround- 
ing the bent wire there will be set up an alter- 
nating magnetic field. This ic field 
surrounding the wire will be strongest when the 
rushing current is at its strongest, and this 


occurs precisely at 4he moment whem the con- 
denser has been emptied, and before it is charged 
up again the other way by the continuance of 
the rush. But the electric field, which will 
also be alternating, and which lies in the crevasse 
between the metal plates, will be at ite strongest 
at the moment when the rush either way is com- 
leted and the charge in the condenser is at its 
ighest. So we see that with such an arrange- 
ment the electric field and the magnetic field 
oceur in different places, and have their maxima 
at different times. Under these circumstances 
there will be no electric waves emitted. 
Hiertz’s Oscillator. Suppose now that 
we open out our condenser into the form shown 
in 282, where the two metal plates, W W, are 
extended out like wings, and the communicating 
conductor, with spark-gap A in the middle, is 
made straight. e two plates can still act to- 
ward each other like the two coatings of a Leyden 
jar, the surrounding air being still the dielectric, 
hen they are charged there will be an electric 
field extending from one to the other, as in 233. 
If a current were rushing up or down the con- 
ductor, it would make a magnetic feld around the 
conductor as in 234. And if now a spark is 
made to pass, setting up a series of oscillations, 
the electric field between the wings will extend, 
as the dotted lines show, right across the space 
where the magnetic Geld wili ocewr daring the 
rushes of current up and down the rod. The 
electric field will not have died away before the 
magnetic field has begun to grow, and vice versa ; 
80 that both kinds of fields can be present in the 
same space at the same time, and.while the 
electric lines will be mainly parallel to the 
conductor, the magnetic lines wall be transverse 
whirls surrounding the conductor. For the 
production of electric waves tt 3 necessary that 
there should be both an electric field and a mag- 
netic field at the same point of space and at the 
same time. This simple apparatus is capable, 
then, of throwing off into the space surrounding 
it an electric wave at each oscillation. Such 
waves do not return back into the system, but 
o travelling off into space with the speed of 
fight, following one another as in 235. The 
more the metal plates ‘present of free surface, 
the more freely do they radiate off electric waves. 
If they are of flat metal, the electric waves 
radiate off more freely from their flat faces 
than from their ends or edges. If set vertical, | 
they radiate out mainly in front and behind ; 
but they may be set horizontally at the ends 
of the system. The late Professor Hertz 
devised this simple tus in 1887 for the 
manufacture of electric waves. It is known 
as & Hertz’s oscillator. 
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ELECTRICITY 


Hertz’e Detector. To observe the 
waves thrown off from the oscillator, Hertz 
employed detectors which we should now think 
very inferior and insensitive ; but they enabled 
him to detect the presence of electric waves in 
other parte of the large room where he was 
working. He employed a very simple device— 
namely, another circuit with a very minute gap 
in it, across which sedentary sparks could be 
geen to pass. Suppose we make a second 
piece of apparatus exactly like the first, with two 
metal plates, as wings, joined together by a rod, 
but with a minute gap, B, at the middle. The 
gap must be minute—about syy7, of an inch— 
otherwise the induced electromotive forces may 
not be able to make the electricity jump across 
as a visible spark. Let these two pieces of ap- 
paratus, the oscillator and the detector, be set 
up, as in 286, a few feet apart from one another 
in a big room. Let an induction coil or an 
influence machine be used to excite the oscillator 
and cause sparks to occur at A, then each such 
spark sets up oscillation in the metal of the 
oscillator, and each oscillation sets up a wave 
in the space around it. These waves spread 
invisibly through the room, and some of them, of 
course, fal] upon the extended wings of the 
detector ; each wave as it reaches the detector 
sets up an electromotive force in it, tending to 
move electricity from one wing to the other 
and back again, with the result that a new 
actual oscillation is produced in the metal of the 
detector, and if the stimulus so received be 
sufficient, there will be minute sparks seen— 
@ spark at B every time thero is a spark made at 
A. Hertz used principally a detector of even 
simpler form—namely, a mere ring of wire, 
or a plain rectangle of wire (as is shown in 
287) having a minute spark-gap in it. When 
once the sparks have been seen with the two 
pieces of apparatus a few feet apart, and the 
apparatus is in proper adjustment, it is easy to 
detect them when the distance between the oscil- 
Jator and the detector is increased. Hertz was 
able to show that these electric waves could be 
reflected from a large sheet of metal, or collected 
by @ parabolic mirror, or refracted through 4 
prism of pitch; in fact, that they behaved like 
waves of light, but were quite invisible. 

Other Detectora. Very scon other 
and more sensitive detectors were devised. 
‘Righi proposed to lay a long strip of metal foil 
on glass, and divide it across the middle with 
a knife, to form a minute spark-gap. M. Branly 
discovered that a heap of metal filings possesses 
the very curious property that, though it is 
usually a very bad conductor for electric currents 
because of the innumerable imperfect contacts 
between its particles, it yet becomes a much 
better conductor when an electric spark is made 
anywhere near it. Lodge and Fitzgerald found 
the imperfect contact made by a pointed wire 
resting against a metal plate to be sensitive to 
the action of an electric wave. Such imper- 
fect conductors he called coherers, because the 
action of the waves was apparently to make 
their particles come into better eager Nase 
wivantage of Branly’s observation hec 
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coherers of metal filings enclosed in a small 
glass tube between metal rods inserted at the 
ends; and these proved very sensitive. He 
found that they required to be tapped after 
each operation to cause the filings to decohere ; 
and proposed methods of automatic tapping. 
Fig. 288 illustrates Lodge’s filings-coherer. 
Coherer as Receiver. The method 
in which the coherer was used to receive or 
detect the electric signals is as follows: The 
coherer is connected to one voltaic cell and to a 
suitable galvanometer, all included in a simple 
circuit, as in 288. The coherer has so poor 4 
conductivity that practically no current passes. 
Directly an electric wave, however, falls upon 
the coherer, or upon the wires attached to it, 
it sets up oscillations, and probably also sets 
up minute sparks in the gaps between the 
filings. Whether this be so or not, it makes 
the coherer conduct better, so that the single 
cell of battery can send a current through the 
galvanometer, which thus signals the reception 
of the wave. The coherer must then be tapped, 
when the galvanometer deflection at once 
disappears in readiness for receiving the next 
signal. Lodge found considerable advantage 
in fastening on to the end of the coherer an 
extended piece of wire projecting out as an 
antenna to receive the wave. In some of his 
early experiments he enclosed the whole of the 
receiving apparatus in a tight metal case to 
exclude the effects of any stray waves, the only 
thing that projected out from the box being 
the receiving antenna. As such coherers are 
far more sensitive than Hertz’s spark detector 
the distance between sender and receiver may 
be increased up to two miles or more, depending 
on the power of the transmitting apparatus. 
Other Oscillators. Various other forms 
of oscillators were proposed by various ex- 
perimenters. Lodge found that an exceedingly 
poworful emitter was made by a single polished 
metal ball between two smaller balls, ds in 240. 
Righi proposed two meta] balls immersed in 
oil, and also an arrangement [241] of two 
large metal balls placed between two smaller 
which sparked into them. Marconi 
patented the combination of a particular kind 
of receiver with a transmitter having one end 
of its sparking appliance connected to earth 
and the other to an insulated conductor. In 
practice he adopted the device of a tall mast, 
with s spark-gap between two metal balls, one 
of which was joined to the mast and the other 
to the earth. Jervis-Smith found better oscilla- 
tions if the sparks were made in compressed 
air. 
Waves Emitted ‘by Oscillators. 
In a simple upright Hertz oscillator such as 
235 or 242 the two capacity-areas or plates at 
the top and bottom ends of the oscillator are 
the places which become most highly charged, 
the middle part of the connecting system being, 
as it were, a node in the potential wave. Thes 
same would be true of the same apparatus if 
used as a detector; the ends are the places 
which receive the maximum changes of potential. 
The middie part, on the other hand, is the seat 


of the it currents. But this is no longer 
the vase if the oscillator (or the receiver) is 
earthed as to the lower half; for then the earth 
takes the place of the lower half, and the node 
in the potential wave occurs just above the 
earth, and half-waves (244 are sent out. 

“We thus,” says Professor Fleming, “ arrive 
at the conclusion that if a vertical red is set up 
in the air, and at its lower end there is a spark- 
ball in opposition to another spark-ball con- 
nected to an earth plate, that this arrangement 
constitutes electrically one-half of a Hertz oscil- 
lator; and the system of electric and magnetic 
force c , when oscillations are set up in 
the rod by charging it and discharging it across 
the spark-gap, is the same as that on one-half 
of a Hertz linear oscillator.” 

Earthed and Non-earthed Oscilla- 
tora. Imagine a Hertz oscillator, entiroly 
insulated, 200 ft. high, with its node at the 
middle as in 242. Cut off its lower half just 
below the spark-gap and plant it in the earth: 
it will then act with the same frequency as 
before, but will send out waves of a different 
type—that is, half-waves, with the node at the 
bottom, as in 248. Since, in ¢his case, the earth 
takes an essential part in the transmission of 
the waves, a8 in 244, it must be of good con- 
ductivity, wet soil, or sea. Earthed apparatus 
does not work well over a dry desert. The 
movement of the half-loops of electric force 
outward from an earthed oscillator—that is, a 
“ Marconi aerial,” as distinguished from the non- 
carthed oscillators used by Hertz, Lodge, and 
others—is hindered by bad conductivity on the 
surface of the earth, but is helped by a fairly 
good conducting surface such as that of the 
ocean. On the other hand, for non-earthed 
oscillators emitting whole loops of waves as in 
235, the action of the conducting surface of the 
earth is no help, or is even detrimental. 

As the frequency of the oscillations ie deter- 
mined by the capacity and self-induction of 
the apparatus, it will clearly depend on the 
length from the node to the ends, and on the 
surface it presents; also, any coils introduced 
into it will increase its self-induction and lengthen 
the waves. Any oscillator which, like Lodge's 
polished ball, has relatively large surface and 
small self-induction, will radiate so freely that 
the wave-train will die out after very few 
oscillations. If the wave-train is thus very 
short, the detector cannot be tuned to it with 
any accuracy, and any untuned detector within 
range will pick up the waves. 

ly Wireless Signalling. Apart 
from the researches of Hertz, the earliest 
exhibition of wireless telegraphing was that 
of Sir Oliver Lodge, who in 1894 sent wireless 
signals through stone walls and from one build- 
ing to another, using as detector a filings coherer 
as deacribed above, the system being untuned. 

There are several modes of using coherers 
in the receiving cirouit. (1) The coherer may 
be connected in series with a single cell and a 
galvanometer, or a direct telegraphic instru- 
ment, such as a siphon-recorder. This is 
Lodge’s plan. (2) The coherer may be put to 
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earth in circuit with a single cell and a sensitive 
telegraphic relay, which in turn actuates an 
ordi Morse instrument, rinting dots and 
dashes. This is Signor Marconi’s method. 
(3) The coherer may be placed in circuit with a 
single cell and an ordinary telephone receiver. 
Thus, at the instant when the coherer changes 
its conductivity, a click is heard in the telephone. 
This is the method of Jervis-Smith and Castelli. 
For use with his method Marconi adopted a 
coherer consisting of metal filings in a V-shaped 
gap between two metal plugs in a glass tube, 
as 245. For the third method, Castelli used a 
coherer with two drops of mercury between 

lugs of iron and carbon [246]. More recently, 

ge has adopted as a self-restoring coherer 

a small revolving steel wheel, slightly oiled, 
dipping into a drop of mercury [247]. 

Using a Righi oscillator, and a filings coherer 
with a relay, Marconi was able, in 1896-7, to send 
wireless signals 250 yards across the Thames; 
and with the help of the Post Office engineers 
he sent signals several miles. To extend the 
range he then adopted the plan, now claimed as 
essential to his system, of using a tall mast like 
a lightning conductor one end of which is in good 
connection with the earth, and called an “ aerial 
wire,’ or ‘“‘antenna,”’ or ‘“ earthed vertical 
oscillator.” Using masts of 120 ft. or more 
high, he had, by the end of 1898, been able to 
signal from 12 to 20 miles. 


The Jigger, or Oscillation Trane- 
former. Owing to the circumstance that 
the simple Marconi aerial resembles the Hertz 
oscillator in possessing a large radiation decre- 
ment, it cannot send out such trains of waves 
as would be required for syntonic working. In 
none of these early operations could tuning be 
secured, and they were liable to interference 
from stray distarbanses in the atmosphere. If 
a source of persistent oscillations could be 
applied, the receiving apparatus could then be 
tuned to the sending apparatus, and the whole 
system would thereby be rendered far more 
sensitive for long-distance work. To accomplish 
this, the sending apparatus must in some way be 
linked up with an oscillation-circuit, such as was 
described on page 3749, and the distant re- 
ceiving apparatus should similarly be provided 
with an oscillation circuit ; then the two can be 
tuned together to the same frequency of oscilla- 
tion. There are more ways than one of assoviat- 
ing the wave apparatus with an _ oscillation 
circuit. The most usual one is by means of an 
oscillation transformer, called m_ telegraphic 
slang a jtgger, and is duc to Sir Oliver Lodge. 
This induction transformer is a simple arrange- 
ment for a primary coil of one or two open turns, 
surrounding or surrounded by a secondary coil of 
a larger number of turns. 

Increasing the Range. A simple form of 
Lodge’s device is illustrated in 248 and 249, in 
the former of which a jigger is arranged for trans- 
mitting, while in the latter it is for receiving. J is 
the jigger, represented, by two ate spirals ; 
K is the condenser; A the spark-gap; E the 
cell; C the coherer; G the siphon-recorder or 
galvanometer. Apart from the advantage of 
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tuning, there is another advantage in putting an 
oscillation transformer into the receiving circuit. 
For at the node of the receiving circuit the 
potential is a minimum, and the current a 
maximum ; therefore, as a coherer depends on the 
potential, and not on the current, the node is 
a bad place in which to insert the coherer, as 
was done in the early operations. By placing 
in the node the primary of the transformer, and 
inserting the coherer in the secondary, the 
increased voltage so applied to the coherer was 
found to increase its sensitiveness vastly, and 
therefore greatly extended the range of working. 
Marconi, being desirous of working over still 
greater distances than those already covered in 
1899, adopted the jigger into his receiving 
arrangements, and was able thereby to extend 
his range to 85 miles, without even tuning. 
For transmitting oscillations the transformer was 
constructed as follows: It consisted of a square 
wooden frame, wound over with a number of 
lengths of highly insulated, stranded, copper 
cable, joined in parallel so as to make a primary 
circuit of one turn. In some cases, two or more 
turns may be employed. Over this was wound 
® secondary of five to ten turns. The oscillation 
transformer was usually immersed in oil. 

Magnetic Detectors. Rutherford, now 
of Montreal, discovered in 1895 that electric 
Waves can exercise a demagnetising influence 
upon 8 highly magnetised small steel needle ; 
and he made a magnetic detector of waves on 
this principle. He was thus able to detect the 
waves of a Hertz oscillator half a mile away 
across the town of Cambridge. The waves 
produced an oscillatory current, which was 
carried through a small copper wire coil around 
the magnetised needle. Seven years later, 
Marconi described a modified form of magnetic 
detector, in which an endless band of thin iron 
wires moving Pes a fixed megnet becomes 
magnetised, and is subjected to the demagnetis- 
ing action of an oscillation coil connected to the 
receiving circuit. The inductive action sets up 
soundsinatelephone. Other magnetic detectors 
have been devised by Wilson and by Fleming. 

Transatlantic Wireleas Telegraphy. 
Determined to succeed in sending electric 
waves across the Atlantic, Signor Marconi, 
aided by Professor Fleming, constructed a 
powerful transmitting station at Poldhu, in 
Cornwall, and has since erected similar stations 
in Italy and at Cape Cod and Cape Breton. 
These stations have each four tall lattice towers 
between which is suspended a conical web of 
serial wires. In a power-house an alternator 
generates powerful alternating currents, which 
in turn act on spark-gaps, producing oscillations 
of tremendous energy. From the station at 
Poldhu signals can be sent from 2,000 to 3,000 
miles over the ocean, and have even been 
detected in the Mediterranean and at the Russian 
end of the Baltic. The Atlantic liners can be 
signalled to at any point of their journey, 
though the apparatus they may carry may not 
be powerful enough to signal back more than 
200 er 300 miles. 


German Developmente. Professor Slaby, 
of Berlin, in essociation with Count Arco, 
and with the Allgemeine Company, has de- 
veloped another system. In this en oscilla- 
tion circuit is associated with the antenna in a 
way different from Lodge’s. Slaby uses a second 
and horizontal antenna branching off from the 
vertical antenna near the ground. In this 
euxiliary antenna the spark-gap can be in- 
serted at & place near the node ; and the oacilla- 
tions set up in the horizontal branch set up a 
similar set in the vertical one. For receiving, 
the coherer is inserted in the branch antenna, 
not near the node but at the other end, between 
the branch and the earth. For syntonic work- 
ing, oscillation transformers are introduced 
between the branch antenna and the spark-gap 
or the coherer as the case may be. 

Professor F. Braun independently developed 
special arrangements for the inductive coupling 
of a closed oscillation circuit with an oscillation 
circuit suitable to emit electric waves. As 
condensers he used glass tubes partially covered 
inside and outside with a silver coating. 

The devices of Slaby, Arco, and Braun have 
been taken over by a single interest and operated 
under the name of the Telefunken system. The 
name Telefunken signifies distant sparking 

American Developments. In_ the 
United States several inventors, De Forest, 
Fessenden, Stone, and Shoemaker, have devised 
particular methods of wireless telegraphy, all 
of them claiming certain advantages. De Forest 
has produced several forms of detector which 
do not depend on the coherence between metallic 
powders or imperfect contact, but upon elec- 
trolytic phenomena. It was previously known 
that a film of moisture between two strips of 
tinfoil on a glass plate would act as a detector, 
and required no tapping. De Forest has used 
two smell electrodes in water, in circuit with a 
telephone. Like Marconi he employs a tall 
mast. Fessenden has devised a Setcotor con- 


sisting of a very thin platinum wire sealed into 
& glass bulb. e feeble oscillations which are 


set up in the receiver, passing through this wire, 
heat it, momentarily increasing its resistance. 
This device he calls a barretter, and it is included 
in local circuit with a single cell and a telephone. 
He has found that a liquid barretter can be made 
with an electrolyte in a glass tube of extremely 
fine bore. This acts in the opposite way by 
decreasing its resistance. 

Present Position of Wireless Tele- 
graphy. Briefly, the present position is 
this: For the Atlantic service, the Marconi 
Company stand alone, and they have equipped 
the principal passenget ships of the Cunard. and 
other companies. much greater number of 
stations (over 400 altogether) ‘in various parts 
of the world have, however, .been equipped 
with a different system, that of the ele. 
funken Company. For overland service, on 
account of its not using any earth con- 
nections, and for its great perfection in 
working, the Lodge-Muirhead system is dis- 
tinctly ahead. 
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By Dr, A. J. HERBERTSON, M.A., and F. D. HERBERTSON, B.A. 


SOUTH AUSTRALIA 
Sout AUSTRALIA was first settled, as the 
name suggests, round the inlets of the south 
coast. It now stretches across the continent and 
covers 903,700 sq. miles, the northern part forming 
the Northern Territory (185, page 3699]. Settle- 
ment is at present mainly confined to the south. 

The colony, as a whole, is flat, though in the 
centre the onnell and James Ranges reach 
5,000 ft. In the south the Flinders Range rises 
west of the Murray, and is continued by the 
Mount Lofty Range, overlooking Adelaidg. 
Much of the southern part is a region of lakes, 
some, like Lakes Eyre and Torrens, being large, 
but varying greatly in size at different seasons, 
others being mere chains of lagoons and holes. 
All are salt and low lying, Lake Eyre being 
probably below sea-level. The only river of im- 
portance is the Murray, which enters the sea 
through Lake Alexandrina. 

Climate and Resources. The Northern 
Territory lies in tropical latitudes and has a 
heavy summer rainfall] along the coast in the 
monsoon region. Both summer and winter 
temperatures are high. There are tropical forests 
along the coast, which is fri with man- 

ves, while there are dense thickets of paper- 

k tree along the rivers. The centro is Any. 
and passes into desert. As the south coast is 
approached, the salt bush appears, forming a poor 
pastoral region on which one sheep per ten or 
more acres is the utmost that can be supported. 
The rainfall of Adelaide is about that of the 
drier parts of rp ote and falls chiefty in winter. 
Long spells of drought are very common, and 
seem to recur periodically. 

Much of the Northern Territory will never be 
anything but desert, but if underground water 
could be tapped by artesian wells, large tract 
might be made available for pastoral and agri- 
cultural settlement. In the southern part of 
the colony sheep farming is by far the most 
profitable employment, but agriculture is spread- 
ing in the Murray Flats, may develop with 
irrigation. A considerable acreage is 
wheat, but though the quality is very fine, the 
yield is extremely scanty. Soil and climate are 
suitable for fruit growing, and the vine, fig and 
olive do well. The mineral wealth is chiefly 
in copper. (Seo AGRICULTURE, page 3236. } 

Tewns. The towns of South Australia are 
, generally small townships of a few hundred inhabi- 

tants. Adelaide, the capital, is finely situated on 
the Torrens, near the base of Mount The 
city has fine streets and buildings, is sur- 
rounded by a broad belt of parks. Mount 
Gambier, in the extreme south-east, near the 
Vietorian boundary, is the centre of a fertile 


district. Gawler, north of Adelaide, is in a 
wheat growing district. The richest copper 
mines are at Wallaroo, on Spencer Gulf, and at 
Moonta, a few miles inland. In the Northern 
Territory is Palmerston, overlooking the fine 
harbour of Port Darwin. 


WEST AUSTRALIA 

West Australia (975,000 sq. miles) is the largest 
of the Australian colonies. The greater part of 
the interior consists of a waterless plateau, dotted 
with lakes, which, in the dry season, are glittering 
surfaces of salt and mud, and filled with 
brackish water after the infrequent rains. This 
plateau comes down to the sea on the south coast, 
forming the harbourless cliffs of the Great Bight. 
Along the west coast its higher margin risés 
above the coastal plain, which is of varying width. 
In the Stirling Mountains, which rise behind 
Albany, these marginal heights reach 3,500 ft. 
in the extreme south ; but in the Darling Range, 
which runs north for 300 miles, they do not 
exceed 1,500 ft. Further north, the plateau 
margin recedes 200 or 300 miles from the west 
coast, rising in the Kimberley region in the 
north to 2,300 ft. [185, page 3689. ] 

The rivers are confined to the western coastal 
region, rising in the highlands already mentioned. 
As the interior is extremely dry, many of them 
are mere empty watercourses, except after rain. 
The Swan, at the mouth of which Fremantle 
has been constructed, is the most important. 

Varieties of Climate. The climate of 
West Australia is tropical in the north, with 
@ summer rainy season. This forms the Kim- 
berley region, the coastal portion of which 
bears tropical forests, and permits of stock- 
keeping in the river valleys. Among the 
stock are camels, introduced from India and 
South Australia for transport in the desert 
interior, Away from the coast, the climate 
rapidly becomes extremely dry, and the greater 

rt of the colony is stony or sandy desert, 

ing little vegetation but the dreaded spinifex. 
A tongue of desert, marked in maps as the Kighty 
Mile h, extends to the coast north of the 
De Grey River, separating the Kimberley region 
from the more temperate portions of the colony. 
In the latter the summers are cooler, and the 
rainfall along the coast moderate in quantity. 
The most thickly settled portion is the coastal 
strip from Geraldton to Albany. Most of this 
region has a Mediterranean climate with winter 
rains, and can raise cereals and fruits, the vine 
and orange doing especially well. The foresta 
of nr apr ae = i a timber, 
includi igantic j jencalyptus. 
Away from the coast the plateau is extremely 
dry, and the population has not penetrated 
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more than 500 miles inland, attracted by the 
sensational discoveries of gold. [See AGRIcUL- 
TURE, page 3235.] 

The Rush to the Goldfields. A solid 
belt of auziferous country, only interrupted 
RY the Eighty Mile Beach, appears to stretch 
along the edge of the plateau from north to 
south. The tropical goldfields are difficult to 
develop, owing to the exhausting nature of the 
labour, which in these latitudes cannot be done 
by white men. 

In 1891, the population of the whole colony 
was under 50,000, but the discoveries of 1892 
in the Coolgardie region immediately led to 
an inrush of population. “ The track, which 
ran eastwards through the primeval bush, was 
a curious sight in those days. Heavy waggons, 
laden with flour, chaff, and whisky, lumbered 
axle-deep through the mud, drawn each by 
its team of a dozen great horses in single file, 
for 1893 was a wet season.” Now, a railway 
from Perth runs to Coolgardie and the sur- 
rounding goldfields, the richest of which is 
Kalgoorlie, some twenty miles beyond Coolgardie, 
in the desert. To drive the engines and fill the 
sluices of the Kalgoorlie mines, water is pumped 
for more than 200 miles through steel pipes from 
reservoirs near the coast. At Kalgoorlie is the 
famous Golden Mile, containing half a dozen 
of the richest mines known. Other well-known 
ficlds are the Murchison, the Yalgee, the Yilgarn, 
the Mount Margaret, and the Dundas, and many 
rich goldfields are doubtless waiting discovery. 
The pioneer prospector in these waterless 
regions takes his life in his hands, and should he 
be successful, and return safely to civilisation, 
the almost prohibitive difficulties of transport 
and water supply have yet to be overcome. 
The cost of living on the goldfields is ex- 
tremely high, and since the inrush the colony is 
unable to raise food enough for its population. 
The total value of the gold obtained in West 
Australia in 1903 was approximately £8,770,000. 

Towns. Perth, the capital, is situated on the 
Swan River, some ten miles from Fremantle at its 
mouth, the chief port of the colony. Geraldton, 
the most important town north of Fremantle, is 
the port for the Murchison district, which, in 
addition to gold and minerals, produces wool. 
Cue, the chief town of the Murchison Goldfields, 
is some 300 miles inland. Coolgardie and Kal- 
goorlie are both connected with the capital by rail. 
The chief town in the south is Albany, on King 
George’s Sound, a coaling station for the British 
Navy, and a place of call for many steamers. 


TASMANIA 

Tasmania (26,000 sq. miles) is somewhat 
smaller than Scotland, which it rather resembles 
in scenery. The interior consists of a plateau, 
cut by th valleys of the rivers, and rising, in 
Ben Lomond in the north-east and Mount 
Cradle in the north-west, to over 5,000 ft. [1387]. 

The picturesque lake, river, and mountain 
scenery make Tasmania a favourite summer 
resort for Australians. Lying in the track of 
the westerly winds, it has an equable climate, not 
unlike that of Southern England, and rain at all 
seasons. At the time of ite discovery it was 
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covered with forests, which havo been partly 
cleared for agriculture and sheep farming. They 
still provide valuable timber, including eucalyp- 
tus of giant size. In addition to sheep farming, 
much attention is paid to fruit growing, and 
Tasmanian apples are largely exported. Ho 

are also grown, and the usual temperate cereals. 

The capital is Hobart, at the base of Mount 
Wellington, on the Derwent, which flows to the 
dangerous but picturesque Storm Bay. Launces- 
ton, on the Tamar, is the chief port in the north. 

NEW ZEALAND 

New Zealand (104,750 sq. miles) consists 
of the large islands of North Island (44,500 sq. 
miles), South Island (58,500 sq. miles), Stewart 
Island (665 sq. milos), and many smaller islands. 

New Zealand turns, as it were, its back to 
Australia. Tho west coast of South Island 
is deeply cut by magnificent fiords, but theso 
give access only to lofty and inaccessible moun- 
tains, whose glaciers descend to within 1,000 ft. 
of the sea. The west coast of North Island, though 
lower, has no good harbours, and access is from 
the east, where all the important harbours are 
situated. Cook Strait, which separates North 
and South Islands by thirteen miles of sea, has 
good harbours on both shores. 

Mountains and Rivera. The west coast 
of New Zealand is almost everywhere high. In 
South Island it is bordered by the Australian 
Southern Alps, rising to the height of the Bernese 
Oberland in Mount Aorangi or Cook (12,300 ft.). 
The New Zealand Alps contain fine glaciers, and 
their scenery is of truo Alpino character. They 
are continued to the south by the mountains 
of Stewart Island, and to the north by the . 
western mountains of North Island, which reach 
5,600 ft. West of these western mountains of 
North Island, and quite independent of them, 
rise three volcanic cones. Ruapehu (9,000 ft.) 
and Tongariro (7,500 ft.), with its triple summit 
are still active, but Egmont (8,200 ft.), rivalling 
Fujiyama in its faultless symmetry, is extinct. 
The surrounding region, with its geysers and hot 
lakes, is one of the most interesting volcanic 
districts in the world. The famous pink and 
white terraces were destroyed by the eruption 
of Tarawera in 1886. The Western Highlands give 
rise to many rivors, which flow east following 
the slope of the country. They are of no great 
use for navigation, being either too swift or 
too shallow. The lower eastern half of New 
Zealand is the settled portion. 

Climate. The climate of North Island is 
considerably warmer than our own, the summers 
averaging from 65 degrees to 68 degrees, the 
winters from 48 degrees to 55 degrees. Tho 
climate of South Island is not very different 
from that of Southern England. The islands 
lie in the path of the west winds, and their 
western coasts receive heavy rains. Hast of 
the mountains the rainfall is lower, but sufficient 
for agricultural purposes. 

Vegetation, Resources and Occus 
pations. The wetter parts of New Zealand 
are densely forested, evergreen pines and beeches 
predominating. One of the finest trees is 
the kauri pine of North Island, which yields 
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magnificent timber and a valuable gum. Large 
quantities of this in a fossil state are obtained. 
The drior eastern rogions are grass lands, 
originally covered with fern or coarse grass. 
Much is now sown with European grasses. On 
these grass lands are grazed enormous numbers 
of sheep, bred for meat as well as wool. A 
large trade is carried on in frozen mutton, 
which is exported in steamers fitted with special 
refrigerating chambers. Cattle are also bred, 
especially in the west, and the dairy industries 
are rapidly growing. Much frozen butter is 
exported. Other occupations depending on the 
pastoral industry are wool-washing, bone- 
crushing, boiling down, tanning, and such 
manufactures as boots and shoes and woollens. 


_ Tropic of Cancer __ 
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isthmus, with a harbour on either side. Thames, 
Napier and New Plymouth are smaller North 
Island ports. In South Island, Lyttelton is 
the port of Christchurch, on the Canterbury 
Plains, which ‘have a southern port in Oamaru. 
Dunedin, and Port Chalmers on Otago Harbour, 
and Invercargill, on Foveaux Strait, are the chicf 
southern, and Hokitika and Westrort the western 
ports. 
THE PACIFIC ISLANDS 

The Pacific is studded with island groups 
of which the most important south of the Equator ‘ 
are the Solomon Islands (British), tho New 
Hebrides (under British and French protection), 
Fiji and Tonga (British), Samoa (United States 
and Germany), Society and Marquesas (French). 
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Agriculture is increasing in importance. Oats 
are the principal cereal, and wheat, which has a 
much heavier yield than in Australia, is grown in 
the Canterbury Plains. Potatoes are an important 
crop. Fruit growing is not yet important, but 
might easily become so. [See AGRICULTURE, 
page 3466. ] 

New Zealand has valuable minerals. In 1903 
the output of gold exceeded £2,000,000, chiefly 
from the Thames basin in North Island, the north- 
west of South Island, and the river sands of the 
south-east of South Island. Coal is mined in 
several places, but much has to be imported. 

Seaports. The capital is Wellington, on 
Cook Strait in North Island, but the most 
important town is Auckland, on a narrow 


North of the Equator are the Marianne and 
Caroline Islands (German), and Hawaii (United 
States). All are either highly volcanic, densely 
forested islands, or low coral islands with little 
vegetation but coconut palms. Economically, 
the most important are Kiji, Samoa, and Hawaii. 
Rice, cotton and sugar are grown in Fiji and 
Hawaii, and all the islands supply more or le3s 
copra, the dried flesh of the coconut. The 
chief centres are Honolulu on Hawaii, Apia on 
German Samoa, the United States naval harbour 
of Tutuila on Samoa, and Levuka and Suva in 
Fiji. The French island of New Caledonia (8,000 
sq. miles), between New Guinea and New Zea- 
land, is a penal settlement. It has great mineral 
wealth and is the chief source of nickel ore. 


Continued 
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By H. J. BUTLER 


OUR railway trains run on fixed highways, and 

therein lies one of their greatest drawbacks. 
Most railway companies look to the carriage of 
goods as the chief source of income, and there 
ere instances where it has been the sole object 
for which the railway was formed. In the United 
Kingdom there are about ten times more goods 
railway vehicles than passenger vehicles, and 
one-eighth more receipts from the former traffic. 


Flexibility of the Motor-car Service. 
The motor-car is not confined to a sct of 
iron rails, and it may be loaded up at the ware- 
house and despatched direct to the customer 
without the expense of any intermediate 
handling. We may therefore look forward to 
the development of the commercial motor in the 
near future, and probably it will benefit com- 
merce as the railway has so magnificently done. 
By the adoption of motors we do away with the 
dangers of two-wheeled vehicles and falling 
horses. 

For carrying the mails, the Government are 
adopting the new traction in many types, from 
the tricycle carrier up to the large mail van. 
The market gardener brings his fruit and vege- 
tables quickly to Covent Garden or other dis- 
tributing centres without delay and in safety. 
Very often he has been glad to accept the new 
state of affairs, owing to the behaviour of the 
railway companies in charging rates that are 
very high in comparison with the charges made 
for transport from the Continent and America. 
Those who have many calls to make—as com- 
mercial travellers or carmen—find that they cover 
more ground in a day by the use of a motor-car. 

Goods vehicles are not only in the majority 
on the railway, but horsed vehicles are also 
chiefly for commercial purposes. Therefore it is 
seen that vehicles are designed principally for 
the distribution of goods. 

The Commercial Motor Body. As 
Motor Engineering is discussed elsewhere in this 
Epvucator, the bearing that mechanical im- 
provement will have on the development of the 
trans of goods by motor will not be dealt 
with here. Still, the question of the bodywork, 
so often ignored, is worthy of attention. 

chs age we see bolted to the chissis a 
mere often badly finished and designed. 
Sometimes the body is projected too far over 
the hind wheels, which not only looks bad, but 
is & continual source of skidding. The motor- 
car manufacturer often makes his commercial 
chdesis sizes without consulting the coachbuilder, 
and he absolutely refuses to alter them until he 
is compelled either by losing the support of his 
customers, or by his rivals designing more 
useful frames. No doubt, a short and narrow 


chassis is desirable where possible, but a little 
more width and more regard for a useful length 
of chassis behind the dashboard is essential, if 
serviceable bodies are to be designed. 


The Engineer's Shortsightedness. 
Another cause of unsatisfactory bodies is the fact 
that the body is often entrusted to the motor 
engineer, or to his specifications. He generally 
has little respect for the superstructure, con- 
sidering it a mere item of the whole. In many 
cases he insists on the lowest possible price, and 
binds the coachbuilder to delivery in so short 
@ time that good workmanship is impossible. 
Nevertheless, the motor-car engineer grumbles 
just as if every advantage had been given to 
ensure a highly finished useful body. One cannot 
expect the bedy-builder to spend any time in 
evolving fresh designs, or taking particular care 
in little details and the general effect, if every 
inch of stuf and every minute of time must be 
considered. Let the body- builder have a fair price 
and time to do his work. 

Design for the Laundryman. This 
trade requires a van designed to facilitate dis- 
tribution of the hampers of clean linen. When 
collecting the soiled linen, no special arrange- 
ment facility is necessary, but much time will be 
saved if the van may be unloaded from a side 
divided into shelves, so that ane hamper may be 
removed without disturbing the others, The 
safety of the contents will be increased if the 
floor slopes a little to the centro. Most chassis 
are built lower on the ground than the horsed 
type, and this is a great advantage, as the 
hampers are more easily handled. The wholemay 
be roofed over, and to the roof a luggage rail may 
be attached for taking extra hampers, especially 
empty ones. From the edges of the wooden 
canopy, waterproof side curtains, which may be 
drawn out of the way in fine weather, should 
be attached. 

Ice Motor Waggone. In the distribution 
of ice to fishmongers, hotels, and other estab- 
lishments, we see a very useful application of 
the motor. We can understand why ice should 
reach the customer without delay. The vehicle 
body should be isolated from the heat of the 
engine, and the space between its double panels 

ked with a non-conducting material, such as 
felt. Improvements in draining the body are 
certainly wanting in some of the horse-drawn 
, where the results of melting are allowed to 

rp all over the undercarriage. The quicker the 
interior of the body gets rid of ite superfluous 
moisture, the r the ice will keep. The inside 
might be lined with zinc, while the ice blocks in 
their encircling blanket stand on narrow wooden 
laths, the water running down te a metal floor, 
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which, for preference, should be drained towards 
the centre and to the rear. Railway waggon 
floors are drained in this manner. 

Fruit Motor Waggons. The carriage of 
fruit also demands care and promptitude in ite 
despatch. Lately, we have been confronted with 
the large supplies of bansnas that reach these 
shores. The Great Western Railway has done 
signal service in bringing the supplies promptly 
to town, and when punctually met at the 
station by the road van, their deposit at the 
wholesale fruiterérs in a perfect condition is 
ensured, Fruit often requires to be protected 
from extreme cold or heat, and contact should he 
prevented as much as possible. Properiy venti- 
lated vehicles arranged either to »ccommodate 
hanging bunches or to take on its shelves and parti- 
tions small baskets, is the most serviceable design. 

Mail Conveyance by Motor. ‘The 
remarks concerning the design of the laundry 
van might be applied with advantage to the 
construction of the vehicles carrying the parcel 
hampers and letter-bags, although cxtra means 
for safeguarding the load must ke provided. 
This side method of loading is certainly useful for 
emptying quickly. which is necessary with postal 
work, and we may note a passenger parallel 
in the method of seating the firemen on the 
manual or steamer. We cannot fancy our 
friends in the brass helmets sitting face to face 
in a waggonette and descending calmly one 
by one from a narrow downway to a narrower 
step and finally to the ground. No, they jump 
in a group before a door handle could be turned. 

Commercial Travellers’ Motor=cars. 
There have been many attempts to provide 
a useful vehicle for the traveller. It is necessary 
that he should get into his car easily, and 
not be perched aloft as in some undesirable 
patterns. If he can take hold of a box of 
samples before he Icaves the car and without 
going to the back, so much the better. Heshould 
therefore sit facing towards the side of the car 
a little so that the opening immediately behind 
his seat may allow him to enter the body proper, 
where there is just room for him to turn round 
with all his boxes arranged on shelves around 
him. The interior may be lighted by a small 
skylight or a neat electric lamp. 

octors’ Motor-cars. A doctor should 
keep to the old order of things unless he can 
afford a small medium-powered single landau- 
lette with roof extension to the dash with the 
chauffeur seated on a single central seat. He 
has few things to take with him, and this type of 
vehicle is at once dignified and suitable for all 
weathers. Why a rabbit-hutch contrivance 
in which both the professional man and his 
chauffeur are boxed should be _ considered 
desirable is a matter requiring much reflection. 
The landaulette need not be made wide enough 
for two between the standing pillars if it be 
necessary to reduce weight to a minimum. 
A width of 2 ft. 9 in. allows of a comfortable 
seat and room for a bag and books of reference. 

Cars for Heavy and Light Bulky 
Loads. Hitherto when transporting heavy 
material such as boilers and machinery, it has 
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been found most economical to use ordinary 
horse-drawn vehicles coupled to a small traction 
engine. Most of the heavy motor lorries are 
quite as high as the horse-drawn types. With 
mechanical improvements we shal probably 
have cranked bodies as we have seen in pleasure 
car chassis, such as the Darracq and Talbot. 
Bulky loads, such as farm produce, and empties 
are often carried by means of trailers. 

Front-driving Motors. A motor coupled 
up to the front wheels, such as the “ Latil,”’ 
is useful when desiring a motor van to carry 
theatrical scenery or long lengths of timber. 
The transmission of the power to the far 
away hind wheels would mean great loss of 
power and entail an amount of heavy shafting, 
etc. This type of motor might be made useful 
for the transport of other light bulky loads 
besides scenery. 

Motor Omnibuses. Perhaps the chief 
way in which the utility of the motor-car is 
impressed upon the general public, especially 
those who cannot afford to possess one, is by 
means of the public service vehicle. 

The electric tramcar partakes of both the 
railway and the motor-car, but the “ bus,” 
be it single or double decker, is an automobile 
proper. Rather than see how many. passengers 
we can crowd on a certain chéss‘s, it would be 
far better if each passenger were allowed a little 
more room, even at the expense of reducing the 
carrying capacity by three or four. It is the 
untiring effort on the part of the different com- 
panics to wedge their customers into the smallest 
possible legal space, and this is the reason why 
the corridor carriage is not yet more generally 
adopted on our railways. Motor ’bus promoters, 
who grumble so much at tramcars, will do well to 
copy some of the interior comforts of the latter. 

Having constructed the body of the best 
material, teak being more preferable than ash, 
and sufficient time having been allowed for th> 
hardening of the last coat of varnish, we should 
expect to find a well-designed body with the 
majority of the following details. 

Seats and Seating Accommodation. 
Each inside passenger should have at least 17} in. 
of sitting-room, and a brass rail should be supplied 
to divide the passengers into two divisions in 
order that the proper seating accommodation 
may be easily obtained without recourse ts 
individual divisions. 

The overall width of the roof should be not less 
than 7 ft. 6 in., which will not exceed in most 
cases the overall of the hind mudguards, and 
the garden seats cach scating three persons might 
be placed in the centre of the roof, a gangway 
being provided on each side. This garden scat 
should be made so that a slight dip tends to keep 
the passenger centrally rather than towards the 
gangways. Much of the discomfort caused to out- 
side riders might be minimised if a set of springs, 
painted or covered with waterproof material, were 
placed between the seat laths proper and a foun- 
dation. If the usual method of roof seating with 
central gangway be adopted the same overall 
width should be maintained. The height of 
the roof in the centre boing kept the same, the 


sides should be higher, so that less arch and 
consequent less discomfort may be given to the 
passengers, besides allowing of more ventilation 
inside, A fare table should also be visible to 
the outside passengers. The cross seating has 
been tried for the interior, but while the drivers 
and his levers etc., are between the passenger 
and the view, not much comfort is added. 
It is certainly a favourable method when the body 
is open-sided, as in some patterns of tramcars, 
or if of the char-a-banc type. 

Staircase. Again we plead for a few 
more inches, this time in the width of the treads. 
if one or two more risers and treads were 
inserted, the difference in comfort, especially 
for ladies, would be appreciated. But the stair- 
case, whatever its pattern, is, after all, only a 
necessity owing to the public demand for a 
roof seat, as the omnibus and tramcar have 
kecome a means of pleasure in the form of an 
enjoyab'e ride. The proper development of the 
single decker has much befcre it, especially for 
country roads, We might add 12 in. to the head 
room of existing types and go on devising drop 
sashes till they do not rattle. 

Curtains and Other Fittings. Such 
items as curtains are best in the spring roller 
type, and as there are firms who have supplied 

1icem in their tens of thousands to railway 
companies, there is no need to argue that a proper 
fitting has not been devised. Small electric 
pushes may be fitted as in tramcars to arrest 
the vehicle when the conductor is on the roof. 
Advertisements should be entirely banished 
fron the interior, and illustrations and de- 
scriptions of places of interest en route allowed 
to take their places. 

Lighting and Heating. The lighting 
of the interior should allow each inside passenger 
to read with comfort after dark, an elcctric 
Jamp over the shoulder being best. Hoating is 
vasier with steam systems than with the petrol 
type. We have yet to see the evolution of 
heating systems in road vehicles. 

Suspehsion. The chassis being hung on 
springs strong enough to take the meximum 
lond and of sufficient length to absorb vibration 
casily, there is no reason why the body should 
not be suspended on a set of springs of its own. 
In steam rail motor coaches we see the front 
end of the passenger body resting on a movable 
bolster provided with springs, the whole resting 
on knife edges. This tends to isolate the body 
from the vibration of the engine. Possibly this 
can be adopted on the motor ‘bus. 

Announcement of Destinations. 
Where the ’bus goes, where it comes from, and 
the direction in which it is travelling should be 
made quite clear by day and night. The twosides 
of the vehicle should be taken up with the names 
of the chief places passed through during the 
journey, each side reading the same, except that 
the near side should always read from left to 
right and from top to bottom, the different roads 
and streeta in the order that they are passed in 
tho way the "bus is travelling should be recorded. 
The front should be simply inscribed with a 
visible sign’ announcing the terminus, and the 
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rear should be similarly fitted. Both should be 
capable of illumination at night. 

Advertisements must be kept above the roof 
line, and should not be placed on the windows. 
If this were done, advertisements would not be 
confused with the destinations, and light would 
be allowed free ingress into the interior. 

The route naming that is becoming fsshion- 
able with motor omnibus companies is to be 
upheld if it docs not confuse the stranger. 
* Vanguard,” ‘“ Ensign,” “‘ Pioneer,” ‘ Arrow,” 
and such words denoting enthusiasm and enter- 
priseshould not take up the best part of the side 
panel and crowd valusble space which should 
be allotted to the destinations. The public are 
quite likely to associate a certain name with a 
certein route, and as the cars are continually 
being transferred to other roytes confusion is 
caused. 

Improvement of Motor ’Buses Pos- 
sible. The old omnibus companies that have 
used the horse for many years past find that the 
expensive quadruped has brought them better 
dividends than railways. They should be ablo 
to adopt all the improvements suggested on a 
motor omnibus service without decreasing their 
returns or the pay of their employees, as the new 
form of traction is cheaper. 

The mechanical omnibus is in its infancy, and 
is certain to develop into comparatively general 
use. This will come all the sooner jf the newly 
formed society of Motor Omnibus Engineers has 
among its members a moderate proportion whose 
thoughts are not confined tu sparking plugs, 
silencers, and such things. 


Influence of Motora on Other 
Vehicles. The coachbuilder has in some 
instances copied the motor body types in his 
latest productions for horse traction. Governess 
cars, from which the tonneau was partly evolved, 
have been mede with top panels carrying the 
back squrbbing very similar to the motor body 
types. Bucket-shaped seats have been adopted 
in phaetons—including victorias—as well as in 
sociables, and the revival of the motor landaulette 
has seen an awakening smong the horse-drawn 
types. The tonneau phaeton is practically a 
tonneau motor body on the coachbuilder’s under- 
carriage, and it might be yet more successful as a 
novelty if it were hung lower and made easier to 
enter. 

The railway companies have felt the presence 
of the automobile. Not only are they adopting 
motor omnibuses and char-a-bancs to bring 
customers to the railway stations, but they are 
bringing up to date an old type which is now 
known as the ratl motor coach. In the majority 
of cases it is driven by the much tried steam 
power, and ‘we yet have to sce the adoption of 
the petrol motor, such as the Great Northern 
Railway Company are trying, to this new type of 
body. The influence has been felt even among 
mail carts, for the youngster can now be pro- 
vided with a pedal-driven motor car, and if ite 
parents can afford them, such details as lamps, 

les, horn, etc., may be included, in r 
that “ playing at motors” may be carried out 
thoroughly. 
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The O14 t Tratier. We 
notice with pleasure that the rolling steck of the 
new motor ooaches is either of saloon or 
corridor type. The renouncement of the com- 
partment type in these vehicles as well as in 
tube trains and other new electric rolling stock, 
will help to expel them from the main and 
suburban lines. ublic service vehicles, safety 
lies in company. it has been shown time and 
again that the compartment system is fraught 
with danger. 

Weight Cutting. The motor-car trade has 
revived the use of constructional metal w&rk in 
vehicles. Aluminium panels, framework angle and 
moulding, when of good quality, are lighter, and 
necessitate less labour in the painting, although, 

erhaps, they do not give quite so durable a 
Enish. The metal panel is also better adapted 
to quick turns. yet in some cases, where we have 
a return curve in the turn-under together with a 
side sweep, we fmd that such a pancl keeps 
its shape better if of mahogany. The side panel 
a @ curricle-shaped body is an illustration of 
this. 


Still, the experienced metal-worker who is used - 


to the ecoentricities of the material will more 
likely be successful in turning out a piece of 
work that does not offend the eye whichever way 
it be viewed. Perhaps the most aggravating part 
of a thin metal panel is when it has a slight dent, 
not enough to warrant an expensive repair, yet 
sufficient to spoil the beauty of an ctherwise 
surface. 

Metal hoopsticks may be seen in motor 
omnibuses carrying the rvof, and the use of 
aluminium castings will do much to reduce the 
dead weight. 

Metat Raiitway Waggone and 
Ceaches. Railway waggons are now some- 
times built entirely of metal. This applies not 
only to the medium types, but also to the new 
varieties of high capacity waggons with the vary- 
ing method of discharging the load. The pessen- 
ger railway vehicles are also being designed with 
panels other parts of metal. By carefully 
apportioning the various sheet thicknesses and 
sectional strengths of the various members, not 
only have we obtained a fireproof carriage, but 
the total weight has been reduced. This is a 
consideration in the tremendous weight which 
corridor carriages have attained during the last 
eight or nine years. Increase of comfort has done 
this, for cooking stoves, dining tables, refresh- 
ment bars, sleeping ae I one- 
compartments, epar and lighting apparatus 
cannot be provided without adding to the weight. 
They all, more or jess, take up room that might 
be ocoupied by a passenger. 

As far back as 1608, American raifway carriage 
devigners came to the conclusion that 100,000 lb. 


way, the clectric tube railway running 
Finsbury Park to Moorgate Street. Here, the 
aor I cpp 


Pleasure or Private Motor Vehicle 
Design. In a commercial vehicle we naturally 
expect the interior to be as useful as possible. 
The exterior, bounded mostly by straight 
lines, will fulfil] its purpose in ordinary cases 
if néatly finished without any recourse to 
excess of decoration. Probably the enterprising 
and up-to-date tradesman will get better value 
out of his motor vehicle if he paints and inscribes 
it in a striking manner, as previously suggested, 
but this does not require curved boundaries for 
its display. In a gentleman’s touring car we 
may be excused if we desire further to embellish 
the body after the seating and other accommo- 
dation has been properly arranged. 

We must have a straight line if the panel ends 
at the seat line and where the rocker joins the 
top of the frame, if it be of the ordinary pattern, 
but there are many instances where a flowing 
curve may be used with advantage. Some de- 

i have considered that any line deviating 
from the stiff straight line and an abundance of 
scrolls and dub ends gives a beautiful effect. 
But anyone who has the slightest artistic pre- 
ace will allow that the ander and Pap ae 
the lines necessary to carry out a body, more 
pleasing is the effect and the more lasting the 
pleasure so created. 

French Taste. Without being accused 
of want of patriotism, we do well to ay 
notice the style of outline which the best Fren 
taste dictates. We find that the lines flow. As 
we follow the outline, it never seems to He still 
or remain flat in place. We shall find in a 
Roi des Belges tonneau that the line that bounds 
the top extremity of the seat panels is a beautiful 
curve the whole way. There is scarcely a spot 
where # straightedge would find a resting place, 
even for an inch, and yet there is nothing exag- 
gerated in the appearance. 

Owing to ite shape, a { in. half-round moulding 
gives more reflection to the vamizh, thereby 
imparting a lighter appe i 
suggested, when increased, is inclined to give 
a heavy effect to the whole. 

Front Seate and Deors. The position 
of the chauffeur’s seat is generally determined by 
vy pedals and : . The t 


comfort to passenger 
is the normal width with the horse-drawn type 


for side entry. The engineer’s designing of the 
chassis often results in the right-hand bottom 
corner of the door being cut away, owing to the 
nearness of the hind wheel and wing. 


Lighter Appearance of the Body. 
Round corners at the back give a pleasing and 
lighter appearance, although they are, no doubt, 
a little more expensive to construct, especiaily 
when a piece of curved glass is included. Glass 
itself gives a light appearance, but it must not 
be forgotten that a sheet of plate glass is heavier 
than a corresponding area of mahogany or 
aluminium. e use of imitation cane-work, 
‘if it coincides with the customer’s taste, is also 
useful in doing away with a heavy appearance. 
But it must be put on with due regard to bevels 
and round corners, otherwise it will be unsightly. 
It is o pity that the hand method has been 
suporseded, for in it there was more chance of 
every allowance being made for the direction 
of the surface. Striping and shamsticks must 
be quiet, otherwise attention is detracted from 
the outline of the body. 


Demand for New Types of Bodies. 
‘The automobile salesman is asked by some of 
his customers to construct bodies involving 
wonderful ideas, many of which are practically 
impossible of realisation. Although some foolish 
designs have been the result where the purchaser 
has insisted against the advice of those who are 
experienced, yet the effect, as a whole, has been 
to invent many fresh designs in seating and 
other arrangements, as well as in the general 
conformation of the body. 


The Future. Towards the end of the 
year 1906 we find that Great Britain is turning 
out automobiles equal in performance to those 
made in France. As yet, the pleasure car is 
in the ascendancy; but no doubt time will 
bring proportions of other vehicles. Tho Show 

lympia is an evidence of the popularity 
as well as the prosperity of the new method of 
locomotion, and already the technical Press, the 
finest in the world of its kind, as well as news- 
papers and magazines, show what a tremendous 
hold it has. 

It is, from the automobile point of view, a 
foregone conclusion that the man of the future 
will be more of an engineer than his father. 
Cyoling developed mechanical thought; _rail- 
ways, interesting thousands more than they 
actually employ, have fostered it, so sauto- 
mobilism will find a prepared field upon which 
to work, and a wide scope. 

We cannot believe that the horse will be 
entirely superseded, for it has already with- 
stood the advent of the “iron road,” but 
it may be safely prophesied that few omnibuser, 
tramcare, medium and heavy vans, will be horse- 
drawn some ten or fifteen years hence. 

We have seen that the railway is primarily 
a carrier of merchandise. Is the automobile to 
develop in the same direction ? 


Coachbuilder’s Machinery. We have 
seen that in factories with large output, and 
especially in those where repetition work is 
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turned out in quantities, wood- working machinery 
is an absolute necessity. Apart from the 
different tools, each doing their own special 
work, we find several types of motive power. 
In medium sized and large factories the steam 
engine has for some time held its own, but lately 
it has been used to drive a dynamo, so that neat 
little electric motors may be coupl.d up to 
each machine. Anyone who has seen an old 
factory converted from direct steam power, 
with its endless bands and pulleys, to electric 
power, will appreciate the saving of space, 
the better light, and the cheaper working gained 
by the newer practice. It may be that the 
manufactory can draw power from an electric 
main, in which case the steam engine is not 
wanted in the factory. Gas engines find favour 
in small shops, and necd no boiler, chimney, or 
coal, Also the power is set in motion or arrested 
as required, and is specially valuable where the 
work is intermittent. 


Petrol Stationary Engines. The 
petrol explosion motor by no means finds the 


- only outlet for its energy in propelling road 


vehicles. It is unnecessary here to consider 
motor boats and flyitig machines, but as a 
stationary engine we cannot overlook the fact 
that this near relation of the gas engine is 
destined to do much useful work. Already it 
has been adapted with success, and eminent 
engine makers are providing types designed in 
frames suitable for the work, sometimes with 
attached dynamo in the event of electric power 
being required. The manufacturer is fortunate 
who is conveniently situated to a watertall where 
he can utilise this cheapest of power. But 
Niagaras, even modest ones, are few and far 
between in this country, 

Log Saws. The first machine that deserves 
notice is naturally that attacking the log and 
converting it into planks. A _ vertical log 
band saw effects this by means of an endlcas 
sa passing over pullcys, the timber being laid 
on a travelling metal table. The machine taker 
its name from the position in which the saw 
works. The latest method of treating with tho 
log is by machines with horizontal band saws. 

These log saws are continuous in their action, 
and the timber may be examined after each 
cut, that the man in charge may see if the next 
cut should be made as close as originally intended. 
Log saws are also arranged in seta whereby a 
log may be slabbed completely into planks or 
boards at one operation. It is well to remember 
that the thinner the saw blade the less the 
waste in conversion. The young timber student 
is often liable to forget allowance for saw cuts 
when, say, a 3 in. deal has to be cut up. 


The Ordinary Band Saw. A coach- 
builder must have a very small and unusual 
business not to warrant the adoption of an 
ordinary band saw. This tool is very useful for 
work with curved outlines, and can be fitted 
with an adjustable fonce for straight work. 
For dealing with stuff on the bevel the table 
can be swung down to accommodate the angle 
of the work under treatment. 


3907 


Another useful machine is the circular saw, 
which may be hand or machine fed. The fence 
may be removed for cross cutting when the 
capacity of the shop does not warrant a separate 
machine. F 

Circular saws are also fixed to the beams 
overhead as well as to the ordinary table. The 
former are known as pendulum saws. Fret 
saws are useful for cutting out internal work, 
a hole being drilled for the start. 

Pianing Machines. Planing machines 
are often more in evidence than is comfortable 
to the hearing. Yet when one sees a machine 
facing the four sides of a heavy piece of timber 
in a few minutes he is, perhaps, reconciled to 
its noise. Machine planing can be given a 
higher finish by passing the stuff through 
scraping machines, after which process little is 
necessary on the part of the bodymaker. 

The various joints are quickly and accurately 
shaped on matchboarding, mortising, boring, 
and tenoning machines. e function of irreg- 
ular moulding machines is to form rebates on 
pillars and rails, and mouldi of various 
shapes where required. Wo lathes are 
necessary for any work of a circular character. 
A very useful class of machinery is that set 
apart for the manufacture of ysl gabe 
Spokes are made and copied, stocks and 
mortised, felloes planed, and rims bent and 


Metal-worKing Machines. The smith 
as well as the bodymaker has his mechan- 
ical appliances. His fire may be blown, his 
tyres bent, his work forged and upset—all 
without manual labour. In constructional steel 
work we should expect to see in the railway shops 
riveting and punching machines, a class of tool 
which is often operated by pneumatic power. 

The Elevator. Although present prac- 
tice does not favour many-storied factories for 
vehicular work, yet it is general to find an 
elevator or lift which carries up the body in the 
wood and iron to the paint shop, or brings down 
the finished vehicle ready to be sent away. 
The lift must be suited to the load it has to carry. 
Coachbuilders find that motor-cars, when being 
sent to the paint shop with chassis complete, 
need a more powerful lift than has hitherto 
been necessary. Travellers on the Central 


London Railway are familiar with the hydraulic 
and electric types, and there are also the older 


patterns coupled up to the factory steam engine 
or worked by hand. 
Technical Education. The techno- 
logy of vehicle bnilding has received most 
attention in the road and rail carriage building 
departments, but during the last two or three 
years, van-building and wheelwrighting have been 
included in the syllabus of our large imstitutes. 
Evening classes are held during the winter 
months im such centres as Birmingham, Bristo}, 


Official Examinations. The City and 
Guilds of London Institute recognise all these 


three subdivisions of the trade (road, rail, and 
van), and separate examinations are held 
annually, generally about May. 

Vehicle Day School. London . 
seases the only English practical day school in 
vehicle work in the world, and although the 
evening classes are well appreciated, it is a great 
pity that the day school is not better supported 
by the trade. 

The motor body is classified officially with 
the horse-drawn carriage, and as yet no separate 
syllabus has been in operation for the different 
principles governing automobile coachwork. 

Literature of the Trade. Considering 
the importance to the community of vehicle: 
generally, the scantiness of the textbooks 
available is surprising. 

Rail carriage building is, however, well repre- 
sented by the “Car Builders’ Dictionary,” 1903 
(“Railroad Gazette,’ New York), price $5; 
“ Railway Carriages and Waggons,” by Stone ; 
parts 1 and 2, 1905-6 (‘‘ Railway Enginecr,” 
Ludgate Circus, E.C.), 108. 6d. each part. The 
“Locomotive Magazine,” 2d. monthly, contains 
many useful articles on railway coachbuilding 
from time to time. 

Road Carriage Books. There are many 
smali textbooks and pamphlets published, but 
none can be considered manuals. Among the 
best are Philipson on “The Art of Coach y 
Making ” (John Kemp) ; Philipson on “ Suspen- 
sion of Carri ” (“ Hub,” New York), and 
“‘ Coachbuilding ” (Bell), a the same author ; 
Thrupp on “ History of Coaches” (Kerby & 
Endean) ; “ Handbook for Coach Painters,” by 
Simpson (Cooper); “Coach Trimming,” by 
Farr & rare (Chapman & Hall). 

A useful collection of essays is the volume of 
papers read before the Institute of British 
Carriage Manufacturers (1883-1901), published 
by the Powage Press. The subjects embrace all 
departments of the trade. 

As regards trade journals, we have the ‘“ Auto- 
mobile and Carriage Builders’ Journal” (16, 
Eldon Street, E.C.), 10s. per annum, and the 
“Coachbuilders’ Art Journal” (64, Acre), 
25s. per annum. Both are monthly periodicals, 
and embrace all departments, including auto- 
mobile work and van-building. 

Illustrations and general details of motor- 
car ies are well set out in the numerous 
motor-car weeklies, such as the “ Autocar,” 3d., 
‘“* Automotor,” 3d. ; “‘ Motoring Illustrated,” 1d.; 
‘“Motor Car Journal,” Id.; “The Car,’ 6d. ; 
etc., but their actual province is, of course, 
motor engineering. 

Cycles. Books on cycle construction in- 
clude ‘‘ Modern Cycles,” by A. J. Wallis-Taylor, 
10s. 6d. (Lockwood), “ Cycling,” by H. Graves, 
etc., 1s. (Suffolk Sporting Series), “ Cycling” 


Newcastle, Liverpool, and Wolverham (Ward, Lock & Co., Ltd.), 1d., are useful little 
while London, which lately had three o works on the popular ime. Periodicals 
in road carriage building, has now one. At such as “ Cycling” end the “ Motor” (formerly 
fitratford there is a class im rai work, “Motor Cycling”) are representative of the 
the natural outcome of the factory in the vicinity. 

Continued 
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Drawing-in or Healding. Practical Points in Jacquard 27 
Tying. Making Cloth. Linen, Jute, and Silk Looms eondiied fiom 
pase land 


By W. S. MURPHY 


HAVING acquired an understanding of the 

structure and fittings of the loom, we can 
now proceed to make use of it. The warp is 
healded before it is put on the loom; but the 
method of drawing is founded on both a know- 
ledge of the loom and the plan of the designer. 
For every design there is a treading plan, or 
draft. The former term points to the treadles 
of the hand loom which direct the motions of 
the healds ; the latter term applies to harness of 
all kinds—to the jacquard, the dobbie, the lappet, 
and other contrivances. It is by the manage- 
mont of the warp and .ts relation to the weft 
that the loom is patterned. 

Plain cloth presents no problem ; the treading 
plan is straightforward. Say that we have two 
healds. The weaving beam [174], with the warp on 
it, is slung, and the healds are hung before it. 
The healder’s boy helper stands at the warp and 
feeds the threads in proper order. Through 
heald No, 1 the first, third, fifth, and all 
the odd-numbered threads are drawn; through 
heald No. 2, the second, fourth, and other 
even numbers are drawn. The healder has a 
tool like a long crocheting needle, with which 
he pulls through the threads at a rapid rate. 

When onc plain web succeeds another, the 
former warp leaves ends in the healds, and then 
the duty of the healder is to twist the ends of 
the new warp on to 
the threads of the old 
one. The trade de- 
signation of the old 
order of men who 
did the healding was 
drawers and twisters. 

Treading Pian. 
It is when we take 
up twills and fanc 
weaves that the tread- 
ing plan becomes im- 
portant. For every 
change in the relation 
of warp and weft we 
must have a heald. 
The three-leaved twill, 
for instance, is only 
one remove from 
plain weaving, and is 
applied to sheetings, 
b » and other 
cloths of that nature. 
With the three leaves 
we can obtain only a 
single variation in the 
warp —two threads 
up and one down, one 


up and two down, 174. DRAWING-IN OR 





my - i Aye gin, 8 


alternately, though the weft may effect other 
variations. 

Four-leaved twill begins complexity. With 
four healds we can make a fairly large vanity 
of patterns, limited only by the general rule that 
““when two threads differ from each other in 
their order of weaving or interweaving at any 
point, they cannot be actuated by the same 
heald.”” Three threads over and one under the 
weft is cashmere ; two under and two over gives 
a two-sided twill. We may roverse the order of 
the first, and vary in several other ways which 
are obvious, 

Dimity and Diaper. Five leaves add 
still further to the resources of the designer. 
The simplest use of the five leaves is in the 
production of dimity, in which the weft passos 
over four warp threads and under one. Diaper 
alternates the action, four threads of warp and 
four threads of weft coming up in turn to the 
surface, with, of course, one mtermediate thread. 

With the five-leaved harness, the satin surface 
can be produced, and, in heavy cottons such as 
jeans, or woollens, is commonly adopted. 

Numerous fine patterns are woven with tho 
set of five healds ; some weavers contend that 
the finest cloth effects require no more ; but the 
numbers run up to eight, ten, twelve, and even 
sixteen in some fabrics. Silk weavers often 
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fer the large number of healds to any other 
form of harness. We think, however, that ten 
healds mark the limit where the use of healds 
ceases to be of any advantage over the jacquard 
and the dobbie in any circumstance, and highly 
skilled weavers even refuse to allow more than 
five where the jacquard can be brought into 
requisition. Into this debate we do not invite 
the student. Experience will enable him to 
form an opinion of his own. 

Harness. Great as the French inventor was 
in genius, he did not originate a single important 
feature in the jacquard machine. Like Shake- 
speare, he took the material at hand, and put it 
into his idea. Ths jacquard, in short, is simply 
the old Joom harness [175: made automatic. 
tailed study of the harness would not be of much 
practical 
value, and we 
therefore note 
only those fea- 


. 





~~ 

















bringing it into practical use. ‘In the old har- 
ness loom we had a certain freedom which is 
limited in the newer apparatus. We could put 
as many or as few cords as we liked into a row 
on the harness; but in the jacquard, because 
it is a machine applicable all round, the corda 
and needles corresponding must be definitely 
numbered. Jacquards are known as 300, 400, 
500, or 600, according to the number of hooks 
they contain. The hooks are ranged in rows 
of 8 and 12, and each row must be complete ; 
therefore a 300 jacquard contains either 304 or 
308 hooks, just as the hooks are ranged in rows 
of 12 or 8. Suppose our pattern occupies 18 
threads, what is to be done? The number 18 
is not a multiple of 304. We must cast out, as 
the saying is, 16: hooks. This is not such a 
simple matter 
as may seem. 
We have to 
keep the 
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Many cases to practicable to 
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the design ; these, again, were knotted together 
at the neck, and from each group a single 
cord passed through a series of pulleys across 
to a fixed piece of wood, called the éable (0), 
and firmly fastened. From each cord {w) a 
cord was let down to a fixture in the floor (f), 
and at the side of these another stout cord (1) 
was fastened from floor to ceiling. Next, small 
cords called lashes (+) were bound in the order of 
the design from the harness cords to the fixed 
cord. © drawer the first set of iashes 
tight, bringing out the vertical cord from 
the rest; these he by themselves, and 
thus acted on the set of harness cords he designed 
to call into action, liftmg the warp threads in 
the order the weaver required. 
Tying up the Jacquard. The student 
made acquaintance with the mechanism of 
the jacquard, and it now remains for us to 
inquire into the methods to be adopted in 
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in 30 in the heald of 300 cords. Similarly, 
in our jacquard we must reduce the number 
of threads per inch in the warp if the pattern 
does not come out even with the number of 
hooks on the machine. In designing we have 
this to consider and provide for. Should it be 
necessazy to put s large number of threads into 
the inch, the process must be reversed, and the 
extent of pattern woven at each revolution, or 
the total use of all the hooks, reduced. At this 
point we sight the vast range of problems which 
the designer deliberately faces when he under- 


: takes to work with the jacquard. 


Cards. The cards are the most valuable idea 
in the jacquard apparatus. By means of these the 
work of tying-up is simplified. Making the cards 
is @ mec operation. From the designer 
the card cutter geta the design, marked on pointed 


to aceseepies with the hooks ‘ot te 
cecqusid. On each line those squares are marked 


black, which shows that a warp thread is to be 
lifted. Perforations are cut in the card corre- 
sponding to the black squares on each line. 
Automatic machines have now been invented 
which do all but read the design, and cut the 
perforations with an accuracy the most sxilful 
workman could hardly hope to equal. When the 
cards are cut, they are sewn together by another 
machine, modelled on the common sewing 
machine, 

The cards are folded together and set on the 
cylinder, a few slips requiring to be let out for 
the purpose. Considerable variation occurs at 
this point, some sheaves of cards being arranged 
so that they merely fall over from one position 
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176. A SHEETING WEAVING-SHED 


to another, while others make a wide circle, as 
many as twonty cards flying loose like a slack 
belt. This and other minor details signify little 
to the student. 

Now let us see the connection of warp and 
jacquard. Every cord has a small weight at the 
end and an eyelet where the warp passes through. 
To each warp thread there is a cord, and we draw 
the threads through in the same way as has 
been done on the healds. The cords pass through 
what is called the cumber board, and those which 
belong to the same hooks—that is, those attached 
to warp threads interweaving in one way through- 
out the pattern—are joined, and from them single 

pass up to the hooks of the jacquard. 

In dealing with this wonderful machine we 
have tried to keep strictly to the side of sim- 
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plicity. Into the manifold uses of the jacquard 
we cannot enter. At the present day every 
textile industry utilises the jacquard in one form 
or another. Understanding of the machine takes 
us a considerable way towards making intelligent 
use of it, whether as weaver or designer, as 
managers or workers. If the student could always 
remember that the jacquard is little more than an 
aggregation of healds, and think of each neck 
cord as a heald cord, he would not be led astray 
by the seeming complexity of the contrivance. 
Making Cloth. Having examined the main 
parts of the loom, let us try to obtain a clear 
view of its general working in thc weaving- 
shed [176]. The shedding of the warp, the 
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crossing of the weft, and the beating of tho 
reed in the slay, are the principal actions of 
the loom, and we can look at them in order. 
At the moment when the reed comes up against 
the cloth, the loom is in balance, and ready 
for another operation. The slay swings back, 
and the parts begin to act. The tappets. or 
the jacquard, shed the warp, opening it till 
the slay has reached the centre of its stroke. 
Then the shuttle comes flying through. The 
warp closes, while the slay comes forward, and, 
before the shed is shut, drives home tho weft. 
All the other parts move in harmony with these, 
being governed more or less directly by them. 
It is in the adjustment of part to part that the 
harmony of the loom is obtained, and a good 
cloth woven. The shuttle must be directed 
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by picker and spindle, so that it will fly straight, 
and the reed rouast be in direct line with the 
shuttle-box. The adjustment of the warp calls 
for the closest attention. While the under half 
of the shed should lie level on the shuttle 
race to give the shuttle a free flight, the least 
pressure on the race will alter the balance of 
the tension and cause slackness. The taking- 
up motion needs to be watched, for the least 
variation in the leverage alters the whole 
character of the cloth. On looms with 
numerous mountings the duties of the over- 
looker and weaver are correspondingly in- 
creased. We have developed the loom to a 
high degree, and made it almost automatic, 
as we have seen in the Northrop loom; but 
human skill and attention can by no means 
be dispensed with. The weaver is the cloth- 
maker still. Broken picks, flakes, twists, and 
other faults may occur in any web if the 
weaver is not careful ; even with the greatest 
care they do occur, and must be neatly and 





remaining stationary. But when gaute is to be 
made the whole doup heald lifts, bringing the 
thread it carries to the contrary side of ite neigh- 
bour, and forming a crossing which the passage 
of the weft renders permanent. One diffi- 
vulty in this operation has always troubled 
weavers, and that is the sudden pull of tho 
doupheald ; lifting the threads it carries above 
the ordinary tension causes many breaks 
if not otherwise prevented. Slackeners of 
various kinds have been invented. The one 
thing to be demanded from any slackener is 
that it should act only with the doup heald 
and let the slack back when the need for it 
has ceased. In the diagram [178] the whole 
action of the warp(W) is shown. The heald 
(D) carrying the doup (S) appears in its propor 
relation to the slackener heald(EH). The 
rest of the mechanism drawn has already 
been described. 
Linen Loom. The looms used in linen 
manufacture are almost identical with those 


quickly repaired. To get a fine skin on the 477, noyp Of the cotton-weaver. ‘In the linen weaving 


cloth is the supreme object of the satin. y 
weaver; but the weaver of the coarsest jute” 

should not be unmindful of the same. A perusal 
of the wages-book of atl weaving factory would 
startle many who lightly think of the weaving 
craft. Some weavers earu an average of 29s. 
per week, where others, working under exactly 
equal conditions, fail toearn morethan ,,,, 
14s. The driving power, the materials, 


the looms, and the products are the RE 
* t : tos 


same ; but the weavers are different. 
Gauze Loom. The peculiar cha- 
racteristic of gauze weaving is that the 
warp threads partially tw ist round each 
other, and form a loop over the weft. 
To obtain this mobility in the warp, a 
special mechanism has been devised. 
‘this is what is known as the doup 
heald [176]. The doup consists of an 
ordinary heald, with the addition of 
another half heald, or slip. The slip 
may either through the mail of 
the ordinary heald and over the top of 
it, or it may pass en- 
tirely it. 





In 
the latter case, the | 
slip is held in position 
by the thread of warp s | 
passing | 





through it ; 
in the former case, the heald remains 
in position at all times. The purpose 
of the doup is to raise the warp threads 
so as to produce a twist. For illus- 
tration, suppose that we are work- 
ing strips of alternate gauze and 
plain cloth. Two common healds are 
required, and the warp is drawn 
through them in the usual manner. 
The doup heald is placed in front, and 
one thread of each pair crossed under the other 
and passed the slip of the doup. In 
weaving plain cloth, the loose slip rises and falls 
into harmony with the other healds, to avoid 
changing the position of the warp threads passed 
through it, main part of the doup heald 
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178. GAUZE HEALDS 
(From Ashenhurst's ‘' Practical 
Weaving ”’) 


shed there are plain looms, looms equipped 

with the jacquard and dobby fittings, and 
many looms of great weight. One feature, how- 
ever, is special to the linen loom, and that is 
the slackening beam. In spite of every device, 
linen remains a hard thread, with little elasticity, 
and the lack of that quality makes it difficult to 
work in the power loom. The defect 
has been preatly minimised by a 
very simple expedient. On its way 
to the heddles, or — the 
: warp is passed over what are 
i) called carrier beams. One 
of these is lifted by a cam as 
the batten drives home the 
eet ee 
closing Oo : 
and calls up the ask af 
the en the healds 


open the shed again the 
roller sinks into its place, 
letting out the warp to form 
the shed. 
cH Jute and Silk Looma. 
a The jute loom ae bape it 
LAD ers Bt : no special features ; 
a® “J its size alone marks 
a it out from all other 
textile weaving 


m es. 
In no textile trade is there 
! such a variety of looms used as 
\ |  inthesilk industry. In country 
, in the very heart of 
London, we find silk woven on 
hand looms with and yas 
jacquard apparatus. © 
great centres of silk manu- 
ture, such as Coventry and 
Macclesfield, we find the fine adaptations of all 
the highest forms of loom. lappet, the 
ivel, the jacquard, and all the other fancy 
pail are es ae par ei silk may not 
omit the stu orm of weavi : 
ee 
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Arithmetical, Geometrical, and Harmonical Progressions. Insertion 
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Summation of Series 


By HERBERT J. ALLPORT, M.A. 


ARITHMETICAL PROGRESSION 


148. If wo have a series of quantities such 
that the difference between any one of them 
and the preceding one is the same throughout 
the series, the quantities are said to be in 
Arithmetical Progression. 

We shall use the letters A.P. as an abbrevia- 
tion for A1ithmetical Progression. 


Examples. 
is): 1, 4-7, AO svcaeceenies are in A.P. 
(ii.) 5, 3, 1, -1............ are in AP. 
(Qii.) a, a+d, a+2d....... are in A.P. 


The difference between each term and the 
receding term is called the common difference. 
in the first of the given series, by subtracting 
any term from the term which follows it, we 
see that the common difference is 3; in the 
second series it is — 2; in the third series 
it is d. 

144. Series (iii.) in the last Article represents 
the general form of an A.P. The coefficient 
of d in the different terms should be noticed. 
Thus, in the 2nd term the coefficient of d is 1; 
in the 3rd term it is 2; in the 4th term it is 3, 
so that the pa tong of d is always less by unity 
than the number of the term.’ Hence, in the 
mth term, tho coefficient will be (n—1), and the 
ath term = a + (n— 1)d. 

Therefore, we can write down any term of an 
A.P. when we know the first term and the 
common difference. 

Example. The 24th term of the series whose 
first term is 17 and common difference —3, is 
17 + (24-1) (—3), or 17 —69, i.¢., —52. 

145. When any two terms of an A.P. are 
known, any other term of the series can be 
found. 

Example, The 8th term of an A.P. is 20 
and the 21st term is 51. Find the 3rd term. 

Let a = the 1st term, d= the common differ- 


ence. Then, 
the 8thterm=a+7d =25, . . (1) 
the 2ist trm=a+ 20d=61. . . (2) 


Solving the equations (1) and (2) we find 
a= 11, d= 2. Hence: 


the 3rd term = a+ 2d 
= l1+ 4 = 15 Ans. 


14%. If three quantities are in AP., the 
middle one is called the Arithmetic Mean 
between the other two. 

The arithmetic mean between two given quan- 
tities, a and b, is easily found. For, if z be the 
nh, ied a, x, bare in A.P , so that x~a@ 
and 4-2 are each equal to the common differ- 
ence, Hence, 

x-a= 6-2, 


from which we obtain 
a+b 


% 
¢ ew 


Thus, the arithmetic mean of two quantities is 
hatf their sum. 

147. In a similar way, if we have any number 
of quantities in A P., the intermediate terms 
are called arithmetic means between the first 
and last An example will make clear the 
method of inserting any required number of 
means between two given quantities. 

Example. Inseit 4 arithmetic means between 
Vand —8. 

Having inserted 4 means between 7 and —8, 
we Bhall then have sir termsin A.P. We have, 
therefore, to find the common difference of a 
series in which the 6th term is -8 and the 
Ist term is 7. 

Let d be the common difference. Then, 

-8= 7+ 5d [Art. 144); 
therefore, 
d= -3. 
The series is therefore 7, 4, 1, -—2, —5, —8. 

148. 7'o find the sum of uny number of terms 
of an A.P. 

Let a=the first term, d= the common 
difference, and |= the last term. Clearly the 
term before the last will be (?—d), and the next 
preceding one will be (J~2d). Suppose we are 
required to find the sum of n terms, We 
cannot write down every term of the series, 
since we do not know the actual values of a, d, 
and n; but writing a few of the terms at each 
end of the series we have, if s be the required 
sum, 
s=at+(atd)+(at2d) +... + (l—2d)+(l—d) +1. 
Writing the series in reverse order we get 
a=l+(l—d)+(l— 2d) +... + (a+2d)+(a1+d) +a. 
Hence, adding corresponding terms, 

Qs=(at+l)+(a+l)+(a+l) +...to nterms, 

=n (a +l). 
Therefore, 
n 


—(at+l. . 2 2 6 ee 6 s (LY 


a= 


| 


Now, 
ati=zata+(n-1)d [Art 144], 
= 2a+ (n-1)d. 
Hence, 


a= 5 {a+ (n-1)d;, ee me ase (2) 


Of these two formule (2) is perhaps more 
useful than (1), but both should be remembered. 
Example 1. Sum the series 1, 3, 5, 7, 9... to 
20 terms. 
3013 


MATHEMATICS 


Here a= 1, d= 2, n= 20. 
Therefore, 

_ 20 ,, i 
cas (2+ (19 x 2)} 
= 10x40 = 400 Ans. 

Example 2. How many terms of the series 
28, 24, 20... must be taken in order that their 
sun may be 88 ? 

Let n be the required number of terms. The 
common difference of the series is 

24~-28= —4, 
Hence, using formula (2) of the present article, 
we have 


= “5 (56-4 (n—-1)}, 


or, on simplification, 
an? —1lin+ 44= 0. 
The solution of this equation gives 
a= 4orn= 11. 
aot the sum of 4 terms or of 11 terms will 
e 
Note. Where iwo values of n satisfy the 
question, the sum of the extra terms in the 
second case is zero. This is easily seen by 
writing down 11 terms of the given eeries, viz., 
28, 24, 20, 16, 12, 8, 4,0, —-4, ~8, —12. Evi- 
dently the sum of the last 7 terms is zero, so 
that: the sum of 4 terms is the same as the sum 
of 4+ 7, or 11 terms. 


GEOMETRICAL PROGRESSION 
149. A serics of quantities is in Geometrical 
Progression when the ratio of any term to the 
preceding term is the same throughout the 
series. This ratio is called the common ratio 
of the series. 
Examples. 
(i.) 2, 4, 8, 16...13 a G.P. whose common 
ratio is 2, 


ane | 1 1 : 
(ii.) 3 wp Tea" is a G.P. whose 


cominon ratio is ~— > 


(iii.) a, ar, a7", ar...is a G.P. whose com- 
mon ratio is 1’. 

150. In the series whose lst term is a and 
common ratio 7, the 2nd term is a7, the 3rd term 
is ar?, the 4th term is a7’, and so on, the index 
of + always being less by unity than the number 
of the term. Thus, the general term, or nth 
term, of the series is ar*~1, Hence we can 
write down any term of a G.P. when we know 
the first term and the common ratio. 

161. When any two terms of a G.P. are known, 
the series itself is easily found. 

Example. Find the 2nd term of a G.P. 
whose 4th term is —2 and whose 7th term 


is i. 
Let a be the lst term and r the common ratio 
of the series. Then (Art. 150) the 4th term is 


ar) and the 7th term ia ar®, 
Hence, 
ay — = 2 e s e e e (i), 
and art = j tee ii). 
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Dividing the second equation by the first we 
Substi- 


tuting in (i) we get a=16. Hence, the required 
2nd term 
= ar 


= 16 x (-5)=-8. Ane 


152. When three quantities are in G.P. the 
iniddle one is called the geomctitc mean between 
the other two. 

Suppose a, b, careinG.P. Then, 

a 
since each of these ratios is the common ratio 
of the series. 

Therefore, b? = ar, 
or b = sae. 

Hence, the geometric mean between two quan- 
tities is the square root of their product. 

158. When any number of terms are in G.P. 
the intermediate terms are called geometric means 
between the first and last terms. 

Example. Insert 3 geometric means between 
6 and 96. We have here to find the series of 
5 terms (consisting of 6, 96, and the thee 
means), of which the Ist term is 6, and the 
5th 96. 

Let r be the common ratio. Then, since the 
Sth term of the general series is ar’, we have 


have 7? =-—-, and therefore r= — = 


ua 
a 


Grt = 96. 
Therefore, rt= 16; 
therefore, r=r2. 


The series is therefore 6, £12, 24, £48, 96, 
and the required means are £12, 24, £48. 

154. Sum of n Terms of a G.P. 

Let @ be the lst term, r the common ratio. 
Then the nth term is ar!, the (n—1)th term 
is ar™-?, and soon. Hence, if s be the required 
sum, we have 

s= a+ art ar +... + ar? + art, 

Multiply both sides of this equation by r, 
putting the terms of the right-hand side one 
place to the right. Then, 

. 3= ar+ att... + art? + ar®™] + ar. 

Subtract corresponding sides of the two equa- 
tions. 

Therefore, s(l—r)=a-—ar"; 

p= a (=) 
1—* 
Sum the series 1, 3, 9...to 6 terms. 
3, n= 6. 


therefore, 





Example. 
In this case a= 1, r= 
Therefore, 


155. Sum of an Infinite Number of 
Terme of a G.P. When the common ratio 
of a G.P. is less than unity, there is a limit to 
the value of the sum of its terms; that is, we 
cannot make the sum as great as we please by 
taking a very large number of terms. For 
example, suppose we have a line 3 in. long. 
First take away half the line, then take away 
half the remainder, then half of the new 


remainder, and so a The lengths of the parts 
3 
taken away will be 7 Ts is’ etc. Now, 
the sum of the parts taken away can evidently 
never be greater than 3 in ; also, since the 
remainder diminishes indefinitely as the number 
of parts taken away is indefinitely increased, 
the sum of the parts taken away can be made 
to differ from 3 in. by an indefinitely small 
length. Hence, the sum of an infinite number 
of tezms (or, the swn to infinity) of the series 
3 
PT 8 
The formula for the sum to infinity is deduced 
from that of Art, 154. 


— a(1 - 7") 
: 1-7 
_& _ are 
; l1-r 1-r 

Now, when r is less than unity, numerically 
(whether it be + or —), the numerical value 
of 1 decreases as n is made larger, and can 
be made as small as we please by sufticiently 
increasing the value of n. Hence, s can be 


made to differ from — by as small 4 quantity 


18 3. 





as we please. 
The sum of an infinite number of te.:ms of the 


series 4, ar, ar’... is therefore i 


It must be particularly noted that the ‘‘sum 
to infinity” can only be found in cases where 
7 is less than unity. 


HARMONICAL PROGRESSION 


156. A series of quantities is in Harmonical 
Progression if, when any three consecutive terms 
are chosen, the difference between the first and 
second is to the difference between the second 
and third as the first is to the third. 

Thus, a, b, c, d... are in H.P. if 
a-bib-ciiaic, 
b-cic—diib:d, 

and so on, for every three consecutive terms. 

157. A more easily remembered definition is 
the following : Quantities are said to be in H.P. 
when their reciprocals are in A.P. This relation 
is easily deduced frum the definition of the last 
article. For, if a, b, c are in H.P., we have 

o-b_a 
b=-c Oc 


Therefore, ac—be= ab—ace 
Divide both sides by abs. Then, 
eg ee 
b a ic 6’ 
which shows that +, 5, +. are in Arith- 
motical Progression. 


MATHEMATICS 


158. When three quantities are in H.P., the 
middie one is the harmonic sean between the 
other two. 

If a, b, c, are in H.P., we have proved that 





i a i are in A P., and therefore, 
a b ¢ 

2 1,1 

-= aa (Art. 146], 
Hence, b= aac 


a+c 

158: The geometric mean of two quantities ts 
the geometric mean letween their arithmete mean 
and their harmonic mean 

Let a, 6, be the two quantities, and A, G, H, 
their arithmetic, geometric, and hai monic means, 
1espectively. 


Then, = § + fArt. 146], 
G= he (Art. 152], 
_ 2 y 
H= a+b (Ait. 168}; 
therefoure, ; 
_@tb, 2% _ we @ 
AxH a ano ab= G’, 
or G= JAH, 


so that G is the geometric mean between 
A and H. 

160. No general formula can be found for 
rca the sum of a number of terms in 


Many questions in H.P. arc solved by con- 
sidering the corresponding problem in A P. 

Kxample. In-e:t 3 harmonic means between 
1 and 3. 

We insert 3 arithmetic means between 1 and 
> Their reciprecals will be the required 


harmonie means. 


As in Art. 147, we find the arithmetic 
means are Le a J . Hence, the required 
6°’ 3° 2 : 

harinonic means are ; a 2. 


EXAMPLES 34 
1. The 3rd term of an A.P. is 72 and the 
8th term is 37. Find the Ist term. 
2 Insert 4 arithmetic means between 2 and 


17. 

8. The sum of the lst and 2nd terms of a 
G.P. is 10, and the sum of the 3rd and 4th 
terms 1s 160. Find the 5th term. 

4 Suan the following series : 

(i) 3+ 64+ 9+... 10 bo terms 
(ii.) 6+ 64+ 5+... to 20 terms. 


(iii. ) +t 5+ 5 +... to 5 terms. 
(iv.) T+ 75+ * +... to infinity. 


Continued 
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SINGLE ENTRY & ROYALTIES 


27 Profit and Loss Account by Single Entry. 
Interest. Mining Royalties. Chartered and Incorporated Accountants 


Hire Purchase Accounts. 


By J. F. G. PRICE 


[TITLE has been said hitherto upon the sub- 

ject of keeping books by what is known 
as single entry. The reason has been that no 
accountant would recommend the keeping of 
books by thcse means in a business of any 
size. Having regard to the fact, however, that 
there are many small traders who do keep their 
books in this way, it is necessary that some 
description of the process should be given. 
The great drawback of the method is the im- 
possibility of proving the accuracy of the 
records kept under it. 


Single Entry Methods. The books 
in use vary in different businesses, but usually 
there are a cash book and a ledger ; sometimes 
there is a day book. What semblance of a 
system there is in keeping books by this method 
consists in entering in the cash book all cash 
received, from whatever source, and all cash 
paid away, for whatever purpose, and in keeping 
accounts in the ledger for customers owing 
money to the business. Sometimes the ledger 
contains also the accounts of wholesale dealers 
from whom goods have been purehesre on 
credit. The “system” is usually a mixture 
of double entry and single so far as the practice 
observed in keeping the books is concerned. 
No goods account is kept, and the only way in 
which purchases and sales are recorded is on 
the cash and personal accounts. When a cash 
sale is made the cash received is merely entered 
on the debit side of the cash book, but no posting 
is made to the ledger. This is mere single entry, 
there being a debit entry, but no corresponding 
credit. 

Ledger Entries. In a sale on credit the 
customer’s account in the ledger is debited, 
but there is no credit to a goods or sales 
account. This is single entry. But when cash 
is received from a debtor in respect of goods 
 ablgenett sold on credit with which he has 

n debited, the amount received is not only 
entered on the debit side of the cash book, it 
is posted to the credit of the customer’s account. 
This is complete double entry. Similarly, when 
payments are made for cash purchases the 
payments are recorded on the credit side of the 
cash book, but are not posted to a ledger account. 
Further, cash paid for rent, wages, and other 
expenses of the business, although entered on 
the credit side of the cash book, are not posted 
to nominal accounts in the ledger. Where no 
ledger accounts are kept for creditors the same 
principle is applied, and payments made to 
persons who have supplied on credit 
are not posted to the ledger. ut where ledger 
accounts have been opened for persons who have 
supplied goods on credit the payments to them 
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are posted to their debit, as well as being entered 
on the credit side of the cash book. This, of 
course, is again complete double entry. There 
is thus very little system about gingle-entry 
bookkeeping, and this failing is particularly 
felt when a trader desires to know the result 
of his operations at the end of a year’s trans- 
actions. To meet his wishes in this respect a 
means has to be devised for arriving at the 
desired result with some dogree of accuracy ; 
but although errors of magnitude can be 
avoided by the exercise of common-sense, it is 
not possible to place absolute reliance upon the 
result obtained. 


Single Entry Profit and Loss. The 
first step to be taken is to dissect the cash 
book. Taking the debit side, the receipts will 
probably be found to consist entirely of cash 
sales and receipts from debtors on credit sales. 
There may be also some items in respect of 
further capital introduced by the proprietor. 
The credit side will consist of payments for 
cash purchases, to persons for areait purchases, 
rent, wages, rates, carriage and miscellaneous 
trade expenses. There will be also the pro- 
prietor’s drawings, and these must be carefully 
inquired into, for money is frequently withdrawn 
from a business by the proprietor without a 
record of the fact. The ledger accounts must 
then be analysed to ascertain the amount of the 
credit sales, which will consist of the posting of 
goods to the debit of the personal accounts. 
These can be approximately shesked by compar- 
ing the total of the entries with the cash received 
from debtors during the year plus the debts 
outstanding. After providing for any discounts 
or other allowances made to debtors, the two 
totals should agree. The same course must be 
pursued with the credit purchases, and a similar 
comparison made. 

The value of the stocks at the beginning and 
end of the period will be required, and if these 
are obtainable 2 trading and profit and loss 
account can sage i . There is, as a rule, 
no difficulty in obtaining the stock at the close, 
but that at the beginning is not usually so 
readily procurable unleas it is a new business. 
The initial stock is generally the most uncertain 
element in the accounts prepared on this plan, 
and if it was not taken in a proper manner at 
the beginning of the trading period it must be 
estimated. 

Inasmuch as the whole result will depend 
upon the estimate formed, it must be very. 
carefully made, and the usual means adopted 
is to take the closing stock at cost, add to this 


the total sales, less a centage for 
profit, and then deduct the salen fiere, 


of course, everything deperids upon the trust- 
worthiness of the percentage of gross profit, 
and if any other means are available the result 
should be tested by them. Care must be taken 
to ascertain if there are any outstanding liabili- 
ties not recorded in the books, in respect of 
rent, rates, wages, or other expenses, as these 
may materially affect the result. Having taken 
the above steps, a profit and loss account and 
balance-sheet can be prepared in the usual form. 

Conversion to Double Entry. The 
trader, after the trouble he will have experi- 
enced in obtaining these results, will probably 
desire to revise his methods of keeping his 
accounta in the future. If so, the first steps to 
be taken will be to bring into use purchases 
and sales books for the recording of all goods 
bought and sold on credit. The iodical 
posting of these books and the cash book into 
the ledger, together with the opening of a goods 
account and the various nominal accounts, 
will make his books capable of proof, and the 
results of accounts showing his trading opera- 
tions thoroughly reliable. 

If he decide to keep his books on double- 
entry principles in future, all that need be done 
to record in his the position shown in 
the balance-sheet is to open ledger accounts 
for his stock, for his capital, and for the creditors 
a oe are hee oe i them already. 

is having been done and the purchases and 
sales books brought into operation, the record 
of his transactions will proceed upon ordinary 
double-entry lines. 

Hire = purchase Accounta. Man 
businesses are now conducted upon the instal- 
ment plan—+.e., they sell their goods upon the 
terms that they may be paid for by the pur- 
chasers gradually by periedical payments. 
When this is the case, the price at which the 
goods are sold is naturally higher than that at 
which they would have been sold for cash. This 
increased price is due to the fact that the seller 
does not receive the purchase price at once, 
but only a small portion of it, and he, therefore, 
charges interest on the part unpaid. It is this 
factor of interest that occasions the necessity 
of keeping the accounts of such busmesses— 
oe as hire-purchase accounts—on special 
ines. 

Formal nts are entered into when 
sales of or) Ppp are place, Graig for 
protection of the se generally treat the 
transaction as one for the hire of the goods, 
which are to be made over to the hirer at the 
end of a stated period (provided the instalments 
are regularly paid), either without further pay- 
ment or upon payment of a trifling amount. 
But, although the ments usually treat the 
transaction as one of hire, it would not be correct 
for the seller to treat the periodical payments 
he receives as income which he is entitled to 
take to credit in full in his profit and loss account 
and yet at the same time treat the goods as his 

perty, although in the hands of another. 

¢ must deal with the matter on the basis of a 
tale. Bat he must not take credit for the full 
amount charged to the purchaser, since that 
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price includes interest which is only accruing due 
Over a more or less lengthened period. 

Manufacturer’s Books. Business is 
conducted on these lines in connection with 
railway weggons, house furniture, pianofortes, 
cycles, ctc., all over the kingdom, and it was 
principslly in relation to railwey waggons that 
accounts were first specially designed to meet 
the facts of this particular class of transaction. 
To take the case of the manufacturer first, it 
will be necessary for him to have his sales 
book ruled with two money columns—one for 
prnere: the other for interest. When a sale 
Is made on the hire-purchase system the manu- 
facturer knows how much of the total price is 
for interest, and he enters the amounts in the 
two columns accordingly. The total price will be 
debited to the customer, the sales account 
will be credited with the amount of the principal 
or cash price, and the interest account with tho 
balance. 

The sold ledger wil! be ruled with two columns 
on each side—one for principal, the other for 
interest. A note will be made at the head of each 
customer’s account as to the manner in which 
the price is to be paid. The debit to the oustomer 
will be divided into principal and interest, and 
the two amounts entered in the appropriate 
columns. As he pays the instalments cash will 
be debited and he wil] be credited with the full 
amount, the proportion attributable to principal 
being entered in the principal column and that 
to interest in the other column. The earlier 
instalments will, of course, include a greater 
proportion of interest than the later, owing to 
there being a large amount of principal out- 
standing upon which interest has to be charged. 

en the manufacturer is making up his 
accounts at the close of a trading period, he 
must not take credit for the full amount of 
interest which has, during the period, been 
credited to the interest account, as sales were 
effected. Although interest has been charged 
to the hirers or purchesers it bos not all been 
earned, and a rebate, or allowance, must therefore 
be made in respect of interest charged on the 
various purchesers’ accounts, but which has not 
yet accrued duc. 

He should also make provision for the fact 
that if some of the goods were returned by the 
purchasers they would probably not be worth 
the amount at which they stand to the debit of 
the various customers’ accounts. In some busi- 
neases this might not be so after a few payments 
had been made, but the manufacturer must, 
after taking all the circumstances into considere.- 
tion, make such allowance as is in his opinion 
sufficient under this head. In order that the 
student may follow the working of this system 
the specimen of a customey’s account in a 
manufacturer's ledger is given on the next page. 

Hirer’s Books. The matter has now to 


amount of the purchase ahaa as the latter 
becomes a creditor only when the instelments 
fall due. The method adopted, therefore, is to 
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36 Monthly Payments of £3. 


Dr. W. BROWN Cr. 
1906. Intereat, Principal. , 1906, Interest. | Principal. 
Jan, 1 | To Salea Account 90 O O | Jan. 1 | By Cash 015 0] 2 & 0 

» Interest ,, 18 0 0 Fobs 2°): 46 ys en 014 2 2 510 
| | Mar. 2] 4 4 013 4/ 2 6 8 

f April3 | 0 ow  «. aa 012 6{| 27 7 

| May 2/ «ee ..| O11 6] 2 8 6 

' Junel! , 4 - 010 7| 29 5& 

| 14 3 0/7517 0 

£18 0 0; 90 0 | £18 0 0/90 0 0 


1906. 
July 1 | To Balance £14 3 0/7517 0 


debit an account opened for the article purchased 
—waggons, furniture, or as the case may be, with 
each instalment as it becomes due, and credit 
the manufacturer. When the instalment is 
paid the manufacturer is debited and cash 
‘credited. The result is that, provided the in- 
stalments are paid promptly, there is no balance 
on the manufacturer’s account, as the credit of 
the instalment is immediately extinguished by 
the debit of cash. As the price of the goods, as 
we have seen, includes a considerable sum 
for interest, care must be taken to ensure that 
the articles purchased are included in the annual 
balance-sheet at not more than their actual 
value. This value will be the portion of the 
price which has been paid in respect of the 
principal amount due, irrespective of interest. 
The purchaser must ascertain how much of the 
rice payable under the agreement is for interest. 
Fre cen generally obtain the information from 
the manufacturer, or can arrive at it by finding out 
the cash price a3 compared with that which he is 
paying. The difference will, of course, be interest, 
of which, as already stated, the larger propor- 
tion will fall against the earlier years. At 
balancing time an adjustment must be made 
by debiting the interest apportionable to the 
year to the profit and loss account and crediting 
the account of the articles purchased, which 
will thus stand at their cash price in the books. 

Depreciation. In addition, provision must 
be made for the depreciation of tho articles, and 
the allowance calculated, not upon the portion 
of the price actually paid, but upon the full cash 

rice. This depreciation is put through the 

ooks in the ordinary way by debiting depre- 
ciation account and crediting the asset account 
with the amount written off. The net result 
of these entries will be that the asset will stand 
in the books at the end of the period over 
which the payments have been spread at its 
actual value to its owner. 

This method of dealing with articles bought 
on the hire-purchase y dpi is obviously only 
ne in the case of a trader who has made 
 geghearra of considerable value by these means. 

e ordinary man who has bought a cycle or 


pianoforte a instalments does not keep an 
account at all, but it is of the utmost importance 


in the case of an hotel-keeper who has purchased 
a large quantity of furniture on the syatem, or a 
colliery proprietor who has bought a number of 
waggons. Unless both these individuals take 
steps to show the articles they have purchased 
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at their cash value only they will be overstating 
their profits, since they will not be debiting the 
profit and loss account with the interest on what 
is in effect borrowed money for the purchase of 


the articles. 
ROYALTIES 

A royalty is an amount paid by a person for 
the right to use the property of another. Thus 
the lessee of a mine pays a royalty to the owners 
of the land on which the mine is situated; a 
theatrical manager pays a royalty to a dramatic 
author for the right to produce his play; a 
manufacturer to a patentee for the right to use 
his patent, and so on. The amount paid in 
respect of the royalty depends upon the extent 
of the use which is enjoyed by the lessee or 
concessionaire in each case. A rate is usual] 
fixed per unit. In the case of a colliery it 1s 
either upon the tonnage output or the superficial 
or cubic area worked. In the case of a patent it 
will depend upon the number of articles produced, 
in the manufacture of which the patent has been 
used; and in the case of a play, it depends upon 
the number of performances. 

It will be seen, therefore, that the amount paid 
in respect of a royalty is as much an expense of 
the particular business paying it as the rent, 
salaries, and other working expenses. It must 
be treated in the same way as the other expenses 
and debited to the profit and loss account. 
As the amount depends upon the extent of the 
user, & careful record must be kept, which must 
be available for inspection by the owner of the 
property, showing the output or production as 
the case may be. The form which the record 
will take must depend upon the nature of the 
property for the use of which the royalty is 
paid. In the case of a colliery, if the royalty 
is upon tonnage, the amount recorded in the pit 
books and agreed by the workmen’s check 
weigher will be accepted. by the landlord ; while 
if it is upon area it will be fixed by survey. 
In most cases, when once the amount payable 
has been agreed, the entries to be made in the 
books of the business having the use of the 

roperty are simply a debit to the profit and 
lows account under the head of royalties, and a 
credit to the owner. When he is paid he is 
debited and cash credited, and this will close the 
matter until the next periodical payment be- 
comes due. 

Mining Royalties. But in the case of a 
colliery a slight complication frequently arises. 
The form which the concession usually takes is 


lease of the land for the purpose of working the 
salting tights wiles 40 las carmiant of a eat 
mum ammuel enum. An amount of royalty is also 
fixed, which we will assume is payable upon the 
amount of coal raised. The fixed minimum is 
usualy sede as pare tire If it oo the 
royalty u e coal raised m a particular year, 
then Sodilig beyond the dead rent is payable ; 
but if, on the contrary, the royalty exceeds the 
dead rent, the latter becomes merged in the 
royalty and only the royalty on the tonnage is 


id. 
Pe Redeemabie Dead Rents. There is 


often a further vision in the -lease that 
payments of dead rents in exccss of royalties 


may be recovered by deduction from future 
royalties when these exceed the dead rent in a 
ioular year. Bt the operation of this right 
is usualty limited as to the time within which it 
may be exercised. The time limit is frequently 
five years. Thus, unless by the end of the fifth 
year the royalties exceed the dead rents, any 
excess dead rent on the first year will beoome 
irrecoverable, while if that state of things con- 
tinued for another year, the excess on the second 
year would ‘be lost to the lessee. So long as the 
Night of recovery exists, the excess of dead rent 
paid is carried forward as an asset, the only 
charge to the profit and loss account in respect of 
the sum payable under the lease being the 
royalty on the coal actually raised. But so soon 
as the period has gone by within which it could 
have been deducted from exocexs royalties, it 
must be written off to profit and loss. 
The working of the following example will show 
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the student how the redeemable dead,rent and 
the royalty accounts are dealt with m the books 
of the person working the colliery: A lease of a 
colliery is granted at a minimum dead rent of 
£600 per annum, merging into a royalty of Is. 
per ton, with a right to recover dead rents out of 
royalties paid within five years. The quantity of 
coal raised was 800 tons the first year, 4,600 tons 
the second year, and 75,000 tons the third year. 
It will be observed that the amount reocived 
by the landlord for the three years—viz , £4,020 
—is the amount of the royalty on actual output. 
Investigation and Audit. Our method 
in dealing with the subject has necessarily 
been to describe the process of recording 
transactions of different kmds in the books of an 
undertaking. The organisation of accounts on 
such a basis as to facilitate the keeping of the 
financial records of the business, and to give the 
proprietor of the concern the information he 
requires in the best possible way, is an important 
branch of the accountant’s profession, but one 
not less so is that dealing with the investigation 
of accounts, including their audit. The busmerss 
man is well advised who leaves investigation and 
audit to a skilled accountant, for mo man who 
has not been specially trained to the work oan 
be regarded as a reliable investigator and auditor 
of accounts. There are two societies of pro- 
fessional accountants in England and Wales— 
vz., the Institute of Chartered Accountants, 
which confines its operations to the countries 
named, and the Society of Accountants and 
Auditors, which has branches im other parte of 
the world. The members of the former body 
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are known as chartered accountants, those of the 
latter as incorporated accountants. The char- 
tered institute dates from 1880, the incorporated 
society from 1885, and both have large member- 
ships. It will be seen from the dates mentioned 
that, as compared with medicine and the law, the 
organisation of the profession of accountancy is 
comparatively young; but it should be men- 
tioned that societies of eerlier foundation were 
merged in the institute on its formation, and, of 
course, the practice of accounting in a more or 
less primitive state dates back to the early ages. 
There are accountants’ societies in Scotlend 
ond Ireland, the former being older than the 
English bodies. 

Profeasional Accountants. The con- 
ditions for admission to membership of the 
verious societies are practically the same, the 
principle rule being that intending members must 
serve five years’ articles of apprenticeship to s 
practising member. During the period under 
articles the would-be accountant is learning his 
business in its various aspects, a considerable 
portion of his time in the earlier years being 
occupied in acting as junior clerk on audits. In 
the later years he is, naturally, doing more 
important work, and gradually acquiring a 
knowledge of the different branches of his pro- 
fession. Ho is required to pass a preliminary 
examination before admission to articles, and 
during his service he has to pass an intermediate 
examination. At the expiration of his articles he 
presents himself for his final examination, and 
if he satisfies the examiners is admitted to full 
membership of his society. The subjects of 
examination are, of course, those of which a 
knowledge is required by the accountant in 
his profession. They are set out in full on 
pages 148 and 149. 

The proper training and examination of a 
body of men capable of investigating the financial 
books of a concern, with a view to ascertaining 
the accuracy or otherwise of the records in them, 
is a work of immense value to the commercial 
community generally, having regard to the 
dependence which has to be placed upon such 
records. 

Merchants and others are not slow to avail 
themselves of the opportunity afforded them 
of checking the work of their employees by 
means of the audit of their accounts conducted 
by a professional accountant. . 

The class of work upon which incorporated 
and chartered accountants are largely employed 
is the sudit of the accounts of private concerns 
and limited companies. The reason of the non- 
discovery of many of the frauds which have 
been exposed of recent years, particularly in 
connection with the accounts of Friendly Societies, 
has been the failure to employ professional men 
as auditors. Reliance has, instead, been placed 
upon the well-meant but quite incompetent 


examination of the account# conducted by men 
who, in some cases, were quite ignorant of the 
first principles of bookkeeping. This condition of 
things still exists to a large extent, although 
matters are improving. 

From what has been said, it will be apparent 
that, although certain principles and rules might 
be laid down in connection with the investiga- 
tion of accounts for the guidance of the ordinary 
business man who wishes to know that his book- 
keeping arrangements are satisfactory, or for the 
young clerk who desires to be more thaté?a 
recording machine, it is not possible to give in the 
shape of an article the knowledge that is required 
to make the practical auditor and complete 
accountant. Something can be done in that 
direction, but the only satisfactory course for 
the beginner is to enter the Office of a chartered 
or incorporated accountant, and go through the 
whole routine necessary to fully qualify himself ; 
while for the business man engaged in his own 
affairs all the year round the only safe course is 
to employ a properly qualified accountant to 
safeguard his interests by auditing his books 
periodically. 

Work of a Professional Accountant. 
Professional accountants, in addition to their 
work as auditors, ere largely engaged in ex- 
amining into and reporting upon the accounts 
of businesses which it is proposed to con- 
vert into limited companies. This function, 
to which reference was made in the article on 
company work, is of the utmost importante, as 
the public probably place more reliance upon the 
certificate of the accountant as to the past 
working of the concern than upon any other 
stetement in a prospectus. They are furthor 
extensively employed as trustces in bank- 
ruptcies and under deeds of arrangement, as 
liquidators in the winding up of companies, and 
as receivers of properties on behalf of mortgagees 
and debenture holders, In any of these capaci- 
ties they may be required to carry on a business 
for a more or less extended period, pr their 
duties may be confined to the realisation of the 
property to the best advantage, and the dis- 
tribution of the proceeds amongst the persons 
entitled. 

From this brief summary of some of the 
more important duties of the professional 
accountent the reader will see thet a trainin 
in the office of an incorporated or a charter 
accountant with a varied practice effords a 
splendid opportunity: of becoming familiar with 
i working of all kinds of businesses. This fact 
is of considerable value, for many young ac- 
countante, after serving their articles, seek 
positions as secretaries, managers and eccoun- 
tents of important companies and _publio 
bodies, and their prospects of success are greatly 
enhanced if they hold the diploma of one of the 
recognised societies. ; ' 
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By JOSEPH W. HORNER 


Raw-hide Gears. Pinions which run at theory of construction is based upon an almost 
high speeds, such as those on electric motor obsolete form of gear termed stepped gear, 
spindles, are frequently made of raw hide. where the width of the vceth is divided 
Discs of ox hide are cemented together in layers into a number of equal parts and each part is 
under pressure in order to form the rough moved slightly in advance of ita fellow. The 
blank, which is then machined all over to finished merging of these steps into a straight line gives 
sizes; side plates—usually of gunmetal—are a helical curve to the tooth; it is necessary 
fitted as shown in section 104, and the teeth to make it right and left, or double helical, 
are cut through the hide and through the metal as it is termed, in order to avoid end thrust on 
plates. Sometimes one of the side plates has  theshafts. These gears are usually cast, but can 
cast with it a bush, which passes through the be machine-cut. They are used largely for rolling- 
pinion and forms a stronger driving medium mill engines where reversal under load occurs. 
for the key than can be afforded by the hide The usual angle for the teeth is 30 deg. measured 
and plates alone. Wheels have been made of from a horizontal line parallel with the shaft. 
raw hide up to 3 ft. diameter, the rim being of Internal Gears. ‘These gears are made 
hide and the arms and boss of cast iron Such _ by forming the teeth upon the inside of the wheel 
wheels are, however, unusual, it being the more rim as indicated in 110. The principle of tooth 
common practice to make pinions formation is the same as for outside 
only of hide and the wheels with teeth, but tho spaces become the tedth 
which they gear of metal. The ob- —namely, the tooth curve 18 reverscd ; 
ject in using raw hide is to ensure the odontograph can be used for 
noiseless running. cycloidal teeth, but the face curve 1s 

Mortise Teeth. Another and marked from the flank data on the 
an older device to cnsure a quiet instrument, while the flank curve is 
running gear is to make the whee! marked from the face data. If involute 
teeth of wood; such teeth are teeth be struck, then the curve becomes 
termed cogs, are made separately concave instead of convex. When the 
by hand Jubour, and are fitted into ratio of wheel and pinion becomes very 
slots cast in the wheel rim. Fig. 105 sma)l, difficulties are encountered by 
shows a good mcthod_of securing reason of the teeth fouling each other. 
the teeth as well as the proportions es Normally, there should be at least 
for tooth and wheel rim ; the figures 4 senews 9 difference of 15 teeth between 
given are to be multiplied by the wheel and pinion. Internal gears 
circular pitch in order to obtain i are used on lathe headstocks, re- 
actual dimensions. Mortise wheels volving gears on cranes, and #0 
are used in flour mills, cotton mills, forth, or in cases in which both 
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etc. The cogs are made of well. 104 BAW-HIDE PINION driving and driven shaft must 
seasoned, | rotate in 
oak, acacia, ) the same 
hornbeam, direction. 

or apple - Rack. 
tree, and A rack is a 
the grain straight line 
must run in ‘ of teeth as 
a radial 105. Pinned 106. Wedged 107, Plated 411. It ia 
sense as shown in the illustration used to produce rectilinear motion 


105}. Instead of holding the mn f from rotary motion, Or vice versa ; 
ae by means of pins, cde "\ Li ~ full (i) A) it is arp to a tables of eae 
8 ates, to ' ing machines, the operation o 

weds, 88 08 oe SP Oh asl slnioe-doara. and so forth. The 
teeth may be marked put with 
the odontograph for cycloidal 
curves. If a rack be required to 
gear with an involute pinion, then 
Helical Teeth. A quiet gear the face and flank become a straight 
drive is obtained by making the teeth - line drawn at right angles to the 
short lengths of a right and left hand 108. Pinned atarms =» angle of obliquity, as in 111. Arack 
screw or helix, as shown in 109; the 105-8. MoBTISE TEETH is in effect part of « circle of infinite 
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as 107, may be used, and 
pins are where the arms 
occur, as in 108. This class 
of foe is expensive, and is 
gradually falling into disfavour. 
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diameter ; the ciroumference of a circle approaches 
@ straight line as the diameter increases, and 
when the diameter is infinite any part of the 
Cycloidal 


circumference is a straight line. 
curves are formed by the rolling of gene- 
rating circles upon a straight line as well 
as upon a curved line, but an involute 
struck from a straight line becomes a 
straight line. 

Bevel Gears. We have hitherto only 
dealt with gears having their teeth formed 
upon parallel surfaces ; bevel gears have 
their teeth formed upon conical surfaces, 
and are used for connecting shafts which 
are not parallel. Fig. 112 gives three 
views of a pair of conical cylinders in 
contact, having their axes at right angles 
and intersecting at O ; considering the lines 
of contact A, B, and C as pitch lines, ordi- 
nary cycloida] or involute teeth may be 
formed upon them ; the pitch circle, the 

itch, and the section of tooth are reduced 

m the “major” diameter D to the 
‘minor ” diameter E, following radial lines 
toO. Asection of a pair of bevels is given 
in 118, together with the method of mark- 
ing out the teeth at the major and minor 
diameters. Draw the axes or shaft centre 





HELICAL- 


lines are then drawn from the outer arc to centre, 
F, and upon these lines the piteh and the tooth 
section diminish ini 


regularly. The corresponding 


depth of tooth is taken by compasses from the 


minor diameter in the sectional view. The 
development of the teeth on the inner aro 
of the pinion is dealt with in the same 
manner as for the wheel. 

When bevel gears are made with equal 
diameter wheels they are termed mitre 
gears from the fact that the pitch lines make 
an angle of 45 deg. with the axes of the 
shafts. Bevel gears may be made with 
axes at other than right angles; if the 
angle be greater than 90 deg. they are 
frequently termed angle spur gears. 

The thickness of the rims of bevel gears 
is made about ‘56 of the pitch at the major 
diameter and decreases radially to the 
minor diameter. The arms are usually 
made T section, as in 114, and to the pro- 
portions given for cross arms for spur 
wheels. The strength of a bevel tooth is 
calculated at the mean pitch. Bevel gears 
may be half shrouded or fully shrouded, 
and they may be made with helical teeth 
or with mortise teeth or of rawhide. 


Screw Geara. When the axes of 


lines, O A and O B, intersecting at O, TOOTHED SPUR wheels gearing together are not in the same 


then the major diameters C and D, then 
the pitch lines ex- 
tending to O; mark 
off the width of the 
tooth E, and its 
depth and clear- 
ance ; the major 
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plane, recourse is had to screw or spiral 
gears. The 
teeth are 
formed upon 
cylindrical 
surfaces, but 
they are not 









diameter is parallel with 
counted as the axes of the 
the hi iS folk nanan 
itch ia- eac oO 
raatahs and. is a portion 
the ordinary of a spiral 
proportions thread or 
of teeth, helix. A 
etc., apply s crew 
re; the wheel may 
width of have any 
the tooth ees . 
may be such teet, 
taken as the same from one 
as in spur gears. upwards ; 
Lines are now drawn ® one- 
at right angles to the toothed 
pitch pee of the 8 i r : Ww 
teeth and extended to wheel is 
Fand G and to H and 110. INTERNAL SPUR GEAR lecmed- <a 


J; arcs are then struck from 
¥F and G, the outer arc in each 
case being the developed pitch 
circle at the major diameter, 
and upon which the teeth are 
marked out as in spur gears, 
the inner arc being the de- 
veloped pitch circle at the 
minor diameter. The radius 
of the inner arc for the bevel 
wheel is taken from H K, and 
is transferred to F L; radial 
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111. RACK AND PINION 


worm, and corresponds to a 
single-thread screw ; a many- 
tegthed wheel corresponds to 
s multiple-thread screw. Tho 
section of these screw threads 
is a standard tooth form, gene- 
rally the involute. Fig. 115 
shows @ pair of screw wheels 

ing together, their axis 
boing stright angles. The screw 
threads on both wheels are the 
same hand; the number of 


DRAWING 


teeth is counted as the number of screw 
threads involved, in the same way a3 
we would speak of a double, triple, or 
quadruple thread screw. In the case 
illustrated there are 12 threads, or 
teeth, in each wheel ; they will, 
therefore, transmit motion at 
equal velocities. But such gears 
can be made with different dia- 





t 

( 
meters and numbers of tecth, in order to give down a line | ~s. | 
different velocities. The method of drawing a fromJtoLper- | | 
screw wheel is shown in 116, together with pendicular to | /, PO aac 
explanatory projections. The primary pitch or EK K. Now | | x1 
lead of spiral, A, is the length of cylinder required divide EJ into | | | . \ 
to complete a turn of the screw or spiral: the as many parts 
circular mitch, B, is the distance betweon the as there aro | [7 — _ 
centres of adjacent teeth measured around the teeth in the ~~ 
circumference ; the nurmal pitch 1s the distance wheel. Taking | / 
between the centres of adjacent teeth, measured one of these ee of 
at right angles to the spiral; the divided arial parts, J M, we “a oe 
pitch, C, is the distance betweon the centres of have the cir- oe Z 
adjacent teeth measured on the axial line. 4 


112. CONICAL OYLINDERS FOR 
BEVELS 

cular pitch. Then divide J K 

into the same number of parts 

and take one of them, JN; 

draw a line from N to M, cutting 


The normal pitch may be regarded as the true 
pitch of the teeth, as compared. with the circular 
pitch of a spur wheel, for although it does 
not represent direct circumferential measure- 
ment, yet the standard tooth profiles and 
pope are based thereon. 







itch diameters, spiral leads, and L at O, and 
circular pitches may vary a then J 0) is 
in any two wheels in — — __9¢__ Gc. the normal 
gear, but the normal Ae j itch, and 
pitch must be constant, a , Ss. 7 N 1s the 
aati ate | divided axial 
they will not J pitch, The 
work to- on | ) next step is to 
gether. In ao oe \§- develop the 
order to set -~ ~ \ _ ok , tu end elevation 
out a screw “Y= = bee leo \ of the teeth 
wheel it is ‘ . ,+ in order to 
convenient war draw the face 
to start with view. Todo 
this it is first 


pitch, and this is readily ob- 


the circular 
| / necessary to ascer- 


tained from the normal pitch a tain the diameter 
by means of the diagram in 116. { : of the normal pitch 
Draw a horizontal line, A’ B’, circle, and this must 

be measured in the 


senting the tooth angle, and same plane as the 
draw a line normal to this and normal pitch. Upon 
of a length equal to the normal es Sa = ar E J, ey 
pitch, D’ E’; then A’ D’ equals ke EL AND off a distance, EP, 
the circular pitch. When the —.£& - ve ee equal to the radius 
axes of the shafts intersect at of the pitch 
right angles, as in 115, it is essentia! cylinder, and draw a horizontal line, 
that the sum of the respective tooth PR, cutting E K at R; then lay 
angles be 90 deg., and it is, of course, down a line, R G, perpendicular to 
convenient to make each one 45 deg. : E K, and E G is the radius of the 

Delineating the Spiral. Having normal pitch circle. To develop the teeth, 
obtained the circular pitch, calculate the transfer the radius, EG, to the lower left 
pitch diameter, as in the case of spur hand view [116], and upon it mark out 
gears, and draw the pitch circle, D in face involute teeth of the pitch required, as in 
elevation [116], and also in side elevation ordinary spur gears. Selecting a tooth 
E F GH, which latter may be termed the whose centre line coincides with the angle 
pitch cylinder. Unroll this cylinder until of the spiral, we project its various thick- 
the length, EJ, represents its circum- 114. nesses upon a vertical line, 8 T, and re- 
ference, and then draw the diagonal, EK, BEVEL WHEEL project them upon a horizontal line, U V, 
which is the developed spiral, and Jay (aRM SECTION) the depth of the tooth remaining the same 
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and extend a line, A’ C’, repre- f 
| 





115. scREW GEARS 


in each case. We may now transfer the tooth 
developed on line U V to the face elevation of the 
wheel. The teeth and the spaces look abnormally 
wide, but this is, of course, due to the fact that 
they are not perpendicular to the face of the wheel. 
The pitch line is now projected upon the 
cylinder in the same manner as we projected 
the helix and the screw thread on page 3003. 
A tooth may be also projected in a similar way 
by considering it to be coiled on a cylinder of a 
diameter equal to that of the wheel measured 
under the teeth, as W. ‘There is no necessity to 
draw the complete helix in actual practice, but 
it is shown so in 116 m order to present the 
rinciple in as clear a manner as possible. 
urther teeth may be drawn without the labour 
of projecting each one. Make a tracing: of one 


half helix, and move it successively one axial 
pitch, pricking off the tooth points in turn; 
the tooth curves may then be drawn through the 
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116. DEVELOPMENT 
AND PROJBCTIONS 
OF SCREW WHEEL 


points #0 ob- 
tained. Aaslice 
may be taken 
from the cylin- 
der of pro- 
jected spirals, 
as X, and this 
slice is the 
screw wheel 
required. The 
width, X, 
should be sut- 
ficient to en- 
sure at least 
one pair of 
teeth being 
well in contact before the next pair leave 
contact. This is attained if the width be made 
to contain a pitch and a half measured circum- 
ferentially, as shown in the face elevation. 

Screw gears may be made with their axes at 
various angles, and with wheels of various dia- 
meters ; the teeth of helical gears, as mentioned 
earlier in this lesson, are portions of similar spirals. 

The Worm and Wheel. This is a true 
screw gear, with axes usually, though not neces- . 
sarily, at right angles [117]. The worm may be 
single uhread or multiple thread, the wheel con- 
taini many portions of internal threads, 
formed on an external surface. The sections of 
the threads are involute teeth, those of the worm 
having straight faces and flanks similar to a rack. 
The projection of the worm presents no difficulty, 
since it is a true spiral. The number of threads 
on the worm affects the speed of the worm wheel 
in direct ratio—that is to say, a single, double, 


or tmple thread worm driving 
a wheel having, say, 33 teeth 
would have to make 33, 164, 
and 11 revolutions respectively 
to each revolution of tho wheel 
Worm gears are generally usod 
for the purpose of speed reduc 
tion on account of the gieat 
difference obtainable in a small 
space Fig 118 shows a typical 
example of a worm gear reduction 
m an oil tight case The worm 
wheel itself has a phosphor bronze 
rim, out of which the teeth are 
cut, this rm being fitted tightly 
on to a castiron centre, and 
secured thereon by means of four 
set screws, spaced circumfer 
entially The worm 1s of mild 
steel, triple thread, I-ft hand, 
the wheel has 60 teeth The 
worm sheft 1s coupled to an 
electric motor spindle running 
at 500 revolutions pr: mmute 
and the speed of the worm wheel 


shaft 1s therefore ico 3 25 


revolutions pet minut The 

casing 18 of cast iron, ind lias 

a circular bracket cast on as shown, in order to 
support 1t This bracket may be arranged in 
any position desired to suit the application of 
the gear reduction—that 1s, 1t may be cast 
underneath o1 on one side, 1f necessary The 
casing forms un oi] bath tor the gear to run mn 
and the worm should preferably be arranged 
underneath the wheel, so as to ensure plenty ot 
oil getting at the working teeth Ball bearings 
are fitted to the worm spindlc to 1educe the 
friction due to the end thrust of the worm, 
these bearings being carried in a gland shaped 
casting, which enables them to be removed 
bodily with the worm It will be noticed 
that tho worm 1s sold with the spindle, which 
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117 WORM AND WORM WHEEL 


18 usual with small worms, as there would not be 
sufficient metal left under the threads if they 
wore bored out for the reception of the spindle 
A small 01) bath 18 also arranged for the worm 
spindle, and an oiling ring 1ests on the spindle 
and dips into the oil, this 1s a common device 
adopted to secure the proper lubrication of high 
speed shafts m connection with motors and 
dynamos, et: 

The diameter of a worm 1s generally from 
three to five times the circular pitch, and the 
angle of engagement which determines the width 
of @ worm wheel 1s usually 30 deg to 45 deg, as 
indicated mm 117 
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LANGUAGES 


ITALIAN—FRENCH—GERMAN—SPANISH 


97 Italian by F. de Feo; French by Lonis A. Barbe, B.A.; German by P. G. 
Konody and Dr. Osten; Spanish by Amalia de Alberti and H. S. Duncan 
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ITALIAN 


VERBS—Third Conjugation—continued 
Szconp Crass 


Finire, to finish 
INDICATIVE Moop 


Present 
I finish, ete. We finish, ete. 
fintsco fintamo 
fintsce finite 
finisce finiscono 
Past Indefinite 
I have finished, etc. We have finished, ete. 
ho fintto abbiamo finito 
hat finito avete finito 
ha finito hanno fintto 
Imperfect 
I finished, etc. We finished, eto. 
finivo fintvamo 
finivi finivate 
fintva finivano 


First Pluperfect 
I had finished, etc. We had finished, eto. 


avevo fintto avevamo fintto 

avevt finito avevate finito 

aveva fintto avévano fintto 
Past Definite 

I finished, ete. We finished, etc. 

fini fintmmo 

finistt finrste 

fini finirono 


Second Pluperfect 
I had finished, etc We had finished, ete. 


ebbt finito avemmo finito 
avestt fintto aveste finito 
ebbe finito ébbero fintto 
Future 
T shall finish, etc. We shall finish, ete. 
fintre finiremo 
fimtras fintrete 
finira fintranno 
Future Perfect 
I shall have finished, We shall have finished, 
etc. etc, 
avro fintto avremo fintto 
avras finito avrete finito 
avra fintto avranno finito 
IMPERATIVE Moop - 
Present 
Finish, ete. Let us finish, eto. 
fants eae 
miact 
finitaca fintecano 


3826 





By Francesco de Feo 


SuBJUNCTIVE Moop 


Present 
That I finish, ete. That we finish, etc. 
fintsca fintamo 
fintsca finiate 
fintsca finiscano 
Perfect 
That I have finished, That we have finished, 
etc. etc. 
abbia finito abbtamo fintto 
abbia finito abbiate finito 
abbia fintto abbiano fintto 
Imperfect 
If I finished, ete. If we finished, ete. 
finisst finissimo 
fintsst finiate 
finisse finiasero 
Pluperfect 
lf I had finished, etc. lf we had finished, ete. 


avessimo fintto 


avesst finito 
aveste fintto 


avesat fintto 


avesse fintto avéssero fintto 
ConpDITIONAL Moup 

~ Present 
I should finish, etc. We should finish, ets. 
finiret fintremmo 
finirests fintreste 
fintrebbe finireébbero 

Perfect 
I should have finished, We should have 
etc. finished, etc. 

avret finito avremmo fintto 
avrestt fintto avreate fintto 
avrebbe finito avrébbero fintto 


INFINITIVE Moop 

Present—finire, to finish 

Perject—aver finito, to have finished 

Past Participle—finsio, -a, -i, -e, finished 

1. The majority of the verbs of the third 
conjugation are conjugated like fintre (second 
class), as: 

camtre (cahpeéreh), to understend 

asserire (ahasehreé-reh), to assert 

ardire (ahrdeé-reh), to dare 

contributre (contreeboo-eéreh), to contribute 

prefertre (prehfehreé-reh) to prefer 

provbire (pro-eebee-reh), to one to forbid 

punire (pooneé-reh), to pun 

spedire (speh-deereh), to forward, to dispatch 

untre (ooneé-reh), to unite 

differire (deeffehreé-re), to differ, eto. 


2. The following verbs are conjugated like 
vestire (firat class). 

avvertire (ahvvehrteé-reh), to advise 

bollire (bolleé-reh), to boil 

convertire (convehrteé-reh), to convert 

divertire (deevehrteé-reh), to amuse 

dormire (dormeé-reh), to sleep 

fuggtre (foodgeé-reh), to escape 

snvertire (eenvehrteé-reh), to invert 

partire (pahrteé-reh), to start 

seguire (sehgueé-reh), to follow 

sentire (sehntee-reh), to feel 

servire (sehrveé-reh), to serve 

tosstre (tosseé-reh), to cough 


3. The following verbs may be conjugated 
either with or without the addition of the 
syllable isc (third class) : 

aborrire (ahborree-reh), to abhor 

applaudire (ahpplah-oodee-reh), to applaud 

asrorbire (ghasorbee-reh), to absorb 

inghiottire (eenkee-ottec-rch), to swallow 

languire (lahngu-eéreh), to languish 

mentire (mehnteé-reh), to lic 

nutrire (nootreé-reh), to feed 

pervertire (pehrvehrteé-reh), to pervert 


The verbs partire and divertire may also be 
conjugated like finire, but then assume a different 
meaning: parto, I start; partisco, I divide in 
parts, I portion out ; diverfo, 1 amuse ; divertisco, 
T cause to diverge. 

Note: besides the verbs of the first and third 
classes mentioned above, there are only a few 
others, which will be given among the irregular 
verbs. 


e 


OBSERVATIONS. 


1. By no meens all the verbs of the third 
conjugation have a present participle (termi- 
nation -nte). Some of the verps having the 
present participle retain the characteristic 
vowel + before the termination, as: nutriente, 
ubbidiente. The present participle of sentire is 
senziente ; of patire, paziente ; of ventre, veynente. 
The verb dormire has dormente and dormiente ; 
morire, morente and mortente. 

2. In ordinary conversation, the third person 
singular, preceded by st, may be used instead 
of ‘the first pereon plural, particularly in the 
Past Definite and in the Present Conditional, as: 
mot st comando for not comandammo; noi 
i crederebbe for noi crederemmo. 

3. The first person singular of the Imperfect 
of the Indicative may also have a termination va, 
but the form in vo is more common. 


CoNVERSAZIONE. 


Finalmente! Credevo che non veniss: pit. 
Son due ore che t’aspetto. Perché cosi tardi ’ 

Mi dispiace di éssere in ritardo, ma degli 
affari importanti mi hanno impedito di venir 
prima. 

Ebbene (well), Vhai veduto? Gli hai parleto ? 

Gli ho parlato, ma ne so meno di prima. 
¥gli non ha voluto dir tutto, ma pare che abbia 
intenzione di seguire l’esémpio del suo compagno 
© partire anche lui per |’ América. 

i che riuscira a far niente ? 
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Io non credo; Giorgio é un gidvane troppo 
leggiero ; avrebbe bisogno di un amico sincero 
che lo guidasse, che gli desse dei consigli 

Gli seriverd io e lo pregherd di venire da me. 
Gli daro io dei consigli che accetterd di tutto 
cuore, vedrai. 

Hai ragione ; Giorgio in questo momento ha 
pit: bisogno di danari che di consigli. 


EXERCISE X XIX. 


1. Parlate pid lentamente, per piacere, perché 
non vi capisco. 2. Non lo chiamate ancora, 
lasciate che finisca di scrivere. 3. Fate silénzio, 
vi proibisco di parlér male di un amico in mia 
presenza. 4. Quale preferite di questi due ? 
5. Preferisco il primo, perché é pid a buon mer- 
cato. 6. Se egli jo asserisce, vuol dire (it means) 
che 6 vero. 7. Quella povera bambina non fa 
che (does nothing but) toasire tutto il giorno. 
8. Avete dormito bene questa notte ? 9. Questo 
té non é buono; vi avete versato |’acqua prima 
che bollisse. 10. Dite alla doméstica di vestire 
i ragazzi, perché 6 ora di andare. 11. Se gli 
artisti canteranno bene, li applaudiremo. 12. 
gii la terza volta che mi domandate se 6 vere ; 
vi avverto che io non mentisco mai. 13. Non 
dit» questo, vi prego, perché avete mentito 
tante volte, che non credo pitt a quollo che 
dite. 14. Leuovae lacarnesono molto nutrienti. 
15. Non capisco perché vogliate avér sempre 
ragione voi. 


Key To Exercise XXV. 

1. We shall meet them. 2. They will give us. 
3. They sent (to) him. 4. What did he tell you ? 
5. What did you answer him? 6. Where are 
the flowers that we have gathered? 7. I have 
put them in water. 8. As soon as I see him [ 
will speak t him of you. 9. 1 have seen him 
from the window, and 1 have called loudly to 
him twice, but he has not heard me. 10. Mary 
told us that she would have gone to Italy this 
year. 11. They have bought heaps of books ; 
they have read them and re-read them, but I 
am sure that they have not understood anything 
in them. 

Koy To Exercise X XVI. 

1. How much did you pay for those gloves ? 
2. I have pxid rather dearly for them, but they 
are of an excellent quality. 3. Did you find 
them st home? 4. Her, yes; but not him. 
5. When will you give me what you have so 
many times promised me? 6. If you give mo 
some toys I will be good. 7. Have you any 
more writing paper? I wish to write to my 
bookseller to send me the books that I have 
ordered of }:im. 8. Tam sorry ; [have no more. 
I have given you all the paper tht I had left. 
9. No matter; 1 will write to him later. 


Kry to Exerciss XXVIL. 

1. We shall receive. 2. Have you drunk ? 
3. If we lost. 4. They feared. 5. They would 
not have believed. 6. Would you have sold ? 
7. We would sell. 8 We sold. 9. Hes he 
received ? 10. I have not yet received, but I 
shall receive. 11. He is always without money, 
yet he always receives some. 12. How much 
do you think he has received lately? 13. He 
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received five hundred francs last week, but he 
will receive as many to-morrow. 
our garden, and shall also sell our house. 
I cannot believe that he has not received our 
16. Let us go, if not we shall lose 
17. If we are not careful, 
I fear that we shall Jose what we have already 
gained. 18. The leaves begin to fall. 


jiavitation. 
our time uselessly. 


brave men all fought to the death. 
Kry To Exercisr XXVIII. 


1. We shall start. 


Recevoir, 


to receive. 


2. If we had started. 
3. Do not open. 4. Listen. 5. If they had 


14. We sold 
15. 


19. Those 


followed. 6. They would suffer. 7, That poor 
woman suffered 80 much when her son t 
8. If the shopmen served us badly, we should 
have a right to take our custom elsewhere. 9. 
Open the window, it is too hot. 10. I would 
leave to-morrow if I had finished my business. 
11. These children sleep too much. 12. As 
soon as they saw the danger, they all ran 
away and left him alone. 13. How many 
times have we heard them say that they 
were tired of studying! 14. Come with me. 
15. Shun bad company, and follow the example 
of good men. 


Continued . 
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VERBS—continued 
Third Conjugation 


recevotr, recevant, regu, je recota, je recus. 
INDICATIVE 


Simp_e TENSES 
Present 


I receive, am receiv- 
ing, etc. 

je recots 

iu recots 

sl, elle recoit 

NOUS FECEVONS 

VOUS recevEer 

als, elles recotvent 

Imperfect 

I was receiving, used 
to receive, ete. 

qe recevars 

tu recevats 

al, elle recevatt 

nuUs recevtons 

vous receviez 

tls, clles recevatent 


Past Definite 


I received, etc. 

ye recua 

tu recus 

tl, elle recut 

nous rectiimes 

vous recites 

als, elles recurent 
Future 

I shall receive, ete. 

je recevrat 

tu recevras 

al, elle recevra 

mous rvecevrons 

vous recevrez 

ils, elles recevront 


COMPOUND TENSES 
Past Indefinite 


I have received, 
ote. 

pat recu 

tu as recu 

al, elle a recu 

NOUS AVONS recu 

VOUS AVEZ recu 

tls, elles ont recu 

Pluperfect 

T had received, 
etc. 

7 avats recu 

tu avais recu 

al, elle avatt recu 

NOUS AVIONS recu 

vous arrez recu 

tls, elles avatent recu 


Past Antervor 
I had received, etc. 
jeus recu 
tu eus recu 
al, elle eut recu 
nous etimes recu 
vous eiltes recu 
tls, elles eurent recu 


Future Anterior 


Ishall have received, eto. 


pauras recu 

tu auras regu * 
ud, elle aura recu 
NOUS AUTON recu 
vous aurez recu 

tls, elles auront recu 


CoNDITIONAL 
Present Past 
I would receive, ete. I would have received 
je recevrats j aurats recu 
iu recevrats tw aurais recu 
oa elle recevratt al, elle auraié recu 


Principal Parts: 


NOUS AUTLONS Tecu 
vous auriez recu 
tls, elles auratent regu 


NOUS TECEVTIONS 
vous recevrtez 
als, clles recevratent 


IMPERATIVE 

Present 
recois, receive (thou) 
gu tl recoive, let him receive 
qu'elle regoive, let her receive 
recevons, let us receive 
rerevez, receive (ye) . 
qutls recotvent, let them (m.) receive 
qu’elles recuivent, let them (f.) receive 


SUBJUNCTIVE 
Present 
That I may receive, 
ete. 
que je recoive 
yue tu recoives 
qual, qu'elle recowve 


Past 


That I may have ro- 
ceived, etc. 

que jate recu 

que tu ates recu 

qu'tl, quelle att recu 

que nous recevions que nous ayons recu 

que vous receviez gue vous ayez recu 

quils, qu’elles regoivent qu’tls, qu’elles atent recu 


Imperfect 
That I might receive, 
ete. 
que je recusse 
que tu recusses 
qual, quelle recdt 


Pluperfect 
That I might have re- 
ceived, ete. 
que j eusse recu 
que tu eusses recu 
qu, qu'elle ett recu * 
que nous recussions que nous eusstons recu 
que vous recussrez que vous eussrez recu 
qu ils, qu’elles recussent qu’tls, qu elles eussent recu 


INFINITIVE 
Present Past 
reccvoir, to receive avoir recu, to have re- 
“ceived 
PARTICIPLE 
Present Past 


recu, e, received 
ayant regu, having re- 
ceived 
The so-called regular third conjugation cor- 
sists of only seven verbs. With the tion 
of devotr, to owe, and its dasivative telcos, 
atill to owe, all the third conjugation verbs belong 
to the same group. They are: apercevoir, to 


recevant, receiving 


ive; concevoir, to conceive; décevoir, to 
ueceive ; and percevoir, to perceive (reccive 
im ions), and also to levy taxes. 

t is to be noted that in these verbs the c 
takes a cedilla (¢) when it ocours before o or u. 
This is for the purpose of retaining the soft 
zound of c throughout the whole verb. 

In devoir, the letter d takes the place of the 
rec of recevotr. Consequently, its principal parts 
are: devoir, devant, di, je dots, je dus. The 
masculine form of the past participle takes a 
circumflex accent ; the feminine form does not : 
da, due; neither does the plural, dus. 


Idiomatic Meanings of  Devoir. 
1. When dcvoir is used in the present, or the 
imperfect of the indicative, and followed by 
another verb in the infinitive, it is equivalent 
to the English “J am to,” “I was to,” “I have 
to.” Examples: Je dots prochainement recevoir 
de l'argent, I am to receive some money shortly ; 
il doit y avoir demain une assemblée des action- 
naires, There is to be a meeting of the share- 
holders to-morrow; Je dots aller demain a la 
campagne, t have to go to the country to-morrow. 

2. In the present indicative it sometimes 
expresses what is held to be a certainty, and is 
then to be translated by “must”: Sil a fatt 
vingt milles, il dott étre bien fatigué, If he has 
walked (lit., done) twenty miles, he must be very 
tired. 

3. In the same tense it may also express moral 
obligation. Example: Un bon fils dott respecter 
son pére, A good son should respect his father. 

4, In the present conditional (je devrais, etc.), 
devoir is to be translated by “ ought’; and in 
the past conditional (7 aurate di, etc.), by “ ought 
to have.” Example: Vous devriez lut payer 
Vabord ce que vous lus devez, You ought first of all 
to pay him what you owe him; Vous n’auriez 
pas di lus dire cela, You ought not to have told 
him that. 


§. In the past indefinite, and occasionally in 
the past definite and pluperfect (J’at di, je dua, 
favats da), devoir implies obligation; Jai da 
lui donner quelque chose pour m’en débarraseer, 
I had to give him something to get rid of him. 


6. It is to be carefully noted that, in all these 
constructions, the verb following devotr is in 
the present infinitive. 


EXERCISE XXVIT. 


1, We receive two papers every day. 

2. She receives her friends on Thursdays (le 
jeudt). 

3. We perceived a little white house at the 
foot of the hill. 

4. Have you not yet received any reply 
(réponee, f.) to your letter ? 

5. It is easy to express (énoncer) clearly 
(clairement) what one conceives properly (bsen). 

6. When you receive this letter I shall no 
longer be in England. 

‘ 7. About ten o’clock in the morning we 
perceives: the hostile (ennemt) army in the dis- 
tance (Joiniain, m.). : 

8. He owes his tailor fifty francs. 
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9: If you owe him so much, do you owe me 


nothing ? 


10. You ought to plant some trees along 
(le long de) that avenuo (allée, f.). 
11. When is there to be a meeting of the 


shareholders ? 


12. If good faith (foi, f.) were exiled from the 
rest of the carth, it ought to be found again 
(se rerouver) in the heart of kings. 

13. You ought first of all to pay me what 


you Owe me. 


14. She must have been greatly astonished 


at (de) sceing you. 


15. You ought to have returned (rendre) 
him the money which he has lent you. 

16. If you have caten nothing since this 
morning. you must be very hungry. 

17. What time is it? It must be at least 
(au moins) half-past four. 

18. I have received an invitation, but I have 


had to refuse it. 


Fourth Conjugation 


Vendre, to sell. 


Principal Parts: rendre, 


vendant, vendu, je venda, je vendis. 


INDICATIVE 
SIMPLY TENSES Compounp TrEnshis 
Present Past Indefinite 
1 sell, am selling, etc 1 have sold, ete. 
je vends pai vendu 
tu vends tu aa vendu 


al, elle vend 
nous vendons 
vous vendez 

als, elles vendent 


Imperfect 

I was selling, used to 
sell, etc. 

je vendars 

tu vendais 

al, elle vendaat 

nous vendions 

vous vendiez 

tls, elles vendaient 


Past Definite 
T sold, ete. 
je vendis 
tu vendis 
al, elle vendit 
nous vendimes 
vous vendites 
tle, elles vendtrent 


al, elle a vendu 
nous avons vendu 
vous avez vendu 
tls, elles ont vendu 


Pluperfect 
1 had sold, eto. 


7avars vendu 

iu avars vendu 

al, elle avatt rendu 
nous avions vendu 
vous avrez vendu 

ala, elles avaient vendu 


Past Antervor 
I had sold, otc. 
jeus vendu 
tu eus vendu 
tl, elle eut vendu 
nous etimes vendu 
vous eilées vendu 
tls, elles eurent vendu 


Future Future Antertor 
I shall sell, ete. I shall have sold, ete. 
ge vendrat paurai vendu 
tu vendras tu auras vendu 
al, elle vendra sl, elle aura vendu 
nous vendrons nous aurons vendu 
vous vendrez vous aurez vendu 
tls, elles vendront tls, elles auront vendu 

CoNDITIONAL 

Present i: Paat 
I would sell, etc. { would bave sold, etc. 
je vendrats jaurais vendu 
tu vendrais tu aurate vendu 
al, elle vendratt il, elle aurait vendu 
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nous vendrions nous aurions vendu - 
vous vendriez vous auries vendu 
ila, elles vendratent als, elles auravent vendu 
IMPERATIVE 
Present 


vends, sell (thou). 

qu’tl vende, let him sell 

qu'elle vende, \et her sell 

vendons, let us sell 

vendez, sell (ye) 

qutls, qu’elles vendent, let them sell 


SUBJUNCTIVE 
Present Past 
That I may sell, That I may have sold, 
etc. etc. 


que jate vendu 

que tu ates vendu 

gu’tl, quelle at vendu 
que nous ayons vendu 
que vous ayez vendu 
qw tls, qu elles atent vendu 


Pluperject 
That I might have sold. 
que 7 eusse vendu 
que tu eusses vendu 
quil, qu'elle eit vendu 
que nous eussions vend u 
que vous eussiez vendu 
gwils, qu'elles eussent 


que je vende 

que tu vendes 

qu’sl, quelle vende 
gue nous vendions 
que vous vendiez 
gu'ils, qu ellea vendent 


Imperfect 
That I might sell. 
que je vendisse 
que tu vendtsses 
qutl, qu'elle vendit 
que nous vendissions 
que vous vendissiez 
qu'tls, qu’elles ven- 


dissent vendu 
INFINITIVE 
Present Past 
vendre, to sell avotr vendu, to have sold 
PARTICIPLE 
Present Past 
vendant, selling vendu. e, sold 


ayant vendu, having sold 
The stem of all regular verbs of the fourth 
conjugation, except rompre, to break, and its 
derivatives ends in d. In consequence ot 
this these verbs do not take the ¢, which is the 
final letter of the third person singular of the 
present of the indicative: i vend. The ¢ re- 
appears in rompre: tl romp. 
The fourth conjugation verbs used in the 
following exercise ore: 


attendre, to wait for mordre, to bite 


descendre, to come perdre, to lose 

down, fall rendre, to return, render, 
entendre, to hear, yield 

understand répondre, to answer 


étendre, to stretch 
fondre, to melt 


rompre, to break, burst 
tondre, to shear 
vendre, to sell 


ExrrcisE XXVIII. 

1. Do you hear what I tell you ? 

2. Do not be afraid of the dog, it will not 
bite you. 

3. You are always losing something. 

4. Why have you not answered (to) his letter ? 

5. We heard some noise (bruit, m.), upstairs 
(en haut). 

6. Let them wait for us now, we have waited 
long enough for them. 


Continued 
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7. Wait for them ; they are not ready (prét) yet. 

8. Do not lose so much time in (4) chattering 
(bavarder). 

9. The enemy (pl.), coming down from their 
mountains, pillaged (ptiler) the whole district 
(cuntrée), 

1) Those houses will be sold by auction 
(aux enchéres) at eleven o'clock precisely. 

11. I closed my eyes and I heard a frightful 
(¢pouvantable) din (fracas, m.). 

12 You will lose nothing by (pour) waiting. 

13. The discovery of America has greatly 
extended European commerce. 

14. The Lord stretched out His hand over the 
sea, He shook (ébranler) the kingdoms. 

15. The thermometer (thermoméfre, m.) has 
fallen (de) four degrees since yesterday. 

16. The young man thanked us without om- 
barrassment for the service which we were 
rendering him. 

17. Render unto Ceesar (César) that which 
belongs to Ceesar, and render unto God that 
which belongs to God. 

18. The blows (coup, m.) which we feel 
(sentons) most are those which we can (pourons) 
not return. 

19. Some grains (grain, m.) yield a hundred- 
fold (hundred for one), others sixty, and others 
thirty. 

20. Samson broke his ropes (corde, f.) as 


one would break a thread (fil, m.). 


21. To(the) shorn sheep God tempers (mesurer) 
the wind, says the proverb (proverbe, m.). 

22. That dog is dangerous ; it bites. 

23. There are some persons whose praises 
(louange, f.) bite, and whose caresses (caresse, f.) 
seratch (égrafigner). 

24. Gold melts at a less degree (degré, m.) of 
heat (chaleur, f.) than iron. 


Kry to Exercise XXVI. 


1. Quand j’étais onfant, j’étais trés honteux, 
je rougissais jusqu’aux youx quand on me 
parlait. 

2. La terre n'est jamais ingrate; elle nourrit 
de ses fruits tous coux qui la cultivent. 

3. Ce n’est pas l’age, c’est le chagrin qui a 
blanchi ses cheveux. 

4. Si vous ne choisissez pas un bon endrvit 
pour établir les fondations de Ja maison, vous 
serez, obligé de la démolir. 

5. La honte de cette action réfléchit sur tous 
ceux qui y ont participé. 

6. Parmi les arbres, les amandiers flourissent 
les premiers, et les néfliers les derniers, 

7. Aprés tant de calamités il est étonnant que 
ce pays soit aujourd’hui si florissant. 

8. Les armes qui ont été bénites par I’Eeglise 
ne sont pas toujours bénies du ciel sur le champ 
de bataille. 

9. Il y a des hommes dont il est glorieux 
d’étre hai. 

10. On ne hait pas toujours ceux que !’on 
rend malheureux. 

11. Les bons livres guérissent les maladies. 
de lesprit. 

12. Un peuple librp obéit, mais il ne sert pas. 
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GERMAN “inedies By P. G. Konody and Dr. Osten 


LXXXV. Government of Adjec- 
tives. The following adjectives govern the 
genitive (answering the question weffen ? whose 2): 


anfidtig, gewahr,* aware habbaft (werden),* to get 
bar, ledtg, fret, [og,* free | possession of 
brdiirfttg, in want of fundig, expert 
unbedirftig, not in want unfundig, unexpert 

of leer, empty 
bewufit, conscious of voll, full 
unbewuft, unconscious of midjtig, mighty 
eingedent, mindful miude,* tired 
unetngedenf, unmindful fatt,* iibevdrii(fig,* sa- 


fahig, able tiated, weary, tired 
unfabig, unable jduldig, guilty 
froh, glad verdadttg, suspicious 


gewartiq, expecting terlbaftig, participating, 
gewif, fidyer, certain, sure sharing 
getwohut,* used to, accus- yverfuftta, forfeited, 


tomed deprived of 
ungewolnt,* unaccus-  iwert,* deserving, worthy 

tomed unwert, undeserving 
gierig, begielg, eager, witrdiq worthy 

greedy unwurdtig, unworthy. 

ExaMPLes: Sd) bin meines Berfpredens cin: 


gedenf, Iam mindful of my promise. Gte wurde 
meiner (genitive) anfidjttig, She became aware of 
me. Die Poltzet’ wurde deo Verbreders hab’haft, 
The police got hold of the crimmal. Sd) bin 
brefer Syprade madtig, I am master of this 
language. Gr war ferner nidt madtig, He had no 
command over himself. Dies tft nicht ber Diithe 
(genitive) weit, This is not worth while. Der 
Yrzt wurde fernes Titels yerluftig, The physician 
lost his degree, etc. 

The adjectives in above list marked with * 
are, in ordinary speech, also used with the 
accusative, where the genitive would sound 
affected, especially with neuters of pronouns, 
like eg, it; dag, that (instead of the genitive 
defen); diefes or dies, this ; jene’, that; and with 
the indefinite pronouns and numerals etwas, 
nidté, mandhes, alles 


EXAMPLES : Sch hatte es (accusative) fatt, T had 
enough of it. 3d) wurde den umnviltfommenen 
Genoffet. (acousative) fo8, I got rid of the 
unwelcome companion. (&r ift bte Mrbcit (accusa- 
sch Mee getvofnt, He is not accustomed to the 
work. But in some cases the adjectives are 
used with prepositions : thus it is preferable to 
say td) bin mit (preposition) allem (dative) gu: 
frieben (I am content with everything), than 
Se) bin alles (accusative) zufrieden. 


1. The following adjectives govern the dative 
{answering the question em? to whom ?): 


dbulid),* similar, like  ar’gevlid, annoying, 


an’geboren, inborn, innate vexatious, fretfu 
an’gehdrig, related to —au/falltq,* striking, 
aw'gelegen, important, conspicuous 
pressing bedenf/lid),* doubtful, 
an'gemefjen,* commen- suspicious 
eurate, suitable begreif’lidh, * comprehen- 
aa agreeable _— ible 
an’Réfig, offensive behag‘lid,* comfortable 


behilf’lich, serviceable, 
useful 
befanut,* known, 
acquainted 
bequent’,* convenient, 
comfortable 
befdywer’lids, cumber- 
some, troublesome 
bewugt’,* conscious 
boje, wicked, bad, il 
banf’bar,* grateful 
beut‘lic),* clear, distinct 
bien’Itd), serviceable 
eigen, Own, proper 
cigentimlid), peculiar 
efelfaft (efftq), nasty 
empfindlid),* sensitive 
enthebr’lich, * dispensable 
erfren'licy,* delightful, 
pleasing 
erge’ben, devoted 
eiuvnertid), present in 
one’s mind 
cuimunydt, wished for, 
welcome 
ferud (feindfelig), hostile 
fern, far, distant 
Terterlics, useful, bene- 
ticial 
fremd, strange 
furcthar, furchterlich, 
terrible 
qedethltch, prosperous, 
thriving 
gefabrlid,* dangerous 
gehur’fam,* obedient 
gewachfen, tobe a match 
for 
yletd), equal 
gleidqultig, callous, 
indifferent 
qemag, according to 
gemteut, common, mean 
qemetnjam, gemern {daft 
lid), common, mutual 
genetgt, disposed, im- 
clined 
aetieu,* faithful to 
gilddig,* gracious 
gram, averse, hostile 
giinftty,* favourable 
gut, good 
Heilfam, salutary, bene- 
ficial 


hinberlich, impeding, 
troublesome 

hold, amiable, sweet 

flar,* clear, bright 

fund, known, notorious 

{attta, burdensome 

leidt, easy, light 

(eb, sorry 

lieb, dear, beloved 

mogltd,* possible 

nadytetttg, disadvan: 
tageous 

nahe, near 

natirlid),* natural 

notig,™ notwendig, 
necessary 

nuglid), useful 

ratfelbaft, enigmatic 

fdadlid), pernicious 

fchinerchelhaft,* fHattering 

jchmtergltd, painful 

fduldig, guilty 

jdywer, difficult, heavy 

{idyer, certain 

tanglid), fit 

tetter, dear 

tien,* true, faithful 

treulod, untrue, faithless 

uberlegen, superior 

unauefteh tid), msup- 
portable 

unetwattet, unexpected 

untertan, subject: (to) 

unvergeplid, unforget- 
able 

winwiberftehltd), Irresit- 
ible 

perant/wortlid), respons: 
ible 

perderb lich, pernicious 

yerhapt, hated 

permmandt, related 

por'teilhaft,* advan- 
Lageous 

wett, worth 

widtia, important 

widrig, adverse, contrary 

widerivatttg, repugnant 

willfatrig, Sompine! 

willfomnten, welcome 

wunderbar, marvellous 

ju’ganalid), accessible 

zu’getan, devoted — 

zu’traglid, becoming 


The adjectives marked in above list with * 
take the prefix un- to convey the opposite 


(negative meaning): a 


unlike. 


hniid, hke; un-dbntid, 


ExaMeLes: Gr tit feinem Bruder (dative) afnlis, 


He resembles his brother. 
Konig (dative) anagenehim, 
pleasing to tne xing. 3d) bin 
panfbar, I am grateful to you. 


Die Botfdhaft war bein 
The message was 
Shonen (dative) 
Das Kind blieb 


feinemt Berfpredyen (dative) tren, The child remained 
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true to its promise. Der Hagel ift dem Getrelde 
fchadlidh, The hail is harmful to the corn. 


LXXXVI. Cosordinate Clauses. Sen- 
tences or clauses that have the same grammatical 
value can be connected in different ways: 


(a) The clauses agree in sense: Die Nadit 
war falt, wird die Stragen waren menfdhenleer, The 
night was cold, and the streets were deserted. 


(b) One clause modifies or limits the other: 
Der Megen war dem Madstum fordervlid), aber der 
Hagel gerftorte Mlles, The rain was beneficial to 
(the) growth, but the hail destroyed everything. 
Fr wollte gehen, ded ex forte nicjt, He wanted 
to go, but he could not. 


(c) One clause is explainod by the other: 
Das Maffer ift gefumd, denn ed enthalt Gifen, The 
water is wholesome, as it contains iron. 


(2) One clause is the consequence of the other : 
Gr tt fehr gutherzig, Deshalb wird ev von Bettlern 
umtlagert, He is very kind-hearted, therefore he 
is besieged by beggars. 


The connection of co-ordinate clauses is 
effected by the use of (a) copulative, (0) adver- 
sative, (c) causal, and (d) consecutive con- 
junctions. 


LXXXVII. Subordinate Clauses. 
The auxiliary finite verb, which normally stands 
at the end of the subordinate clause in the 
compound tenses, may be transposed if the 
clause contains dependent infinitives:  %d) 
winfdte, dab du ihn Hatteft (finite verb) fennen 
fernen, I wished that you had got to know 
him, is better than the clumsy form: 3d 
witnfdhte, DiB du thn Ferment Lerner foatteft. 


1. Subordinate clauses are never employed 
if the idea can be clearly expressed without them. 
Thus, Sc) bat ihn, dag er mir fage, wolin fie ac yangen 
fei (literally : I begged him to tell me wh.ie she 
had gone) can be expressed far better and 
more briefly in the following way: Sd) bat ibn 
imix yu fagent, etc. Subordinate clauses are 
connected with’ the principal sentence by 
subordinative conjunctions, and _ relative 
pronouns. 


2. The subordinate clause can be placed 
(a2) at the beginning, (b) in the iniddle, (c) at 
the end of the compound sentence. (a) Daf 
die Mat hereinbrad) (subordinate clause), 
mtadhte uns befergt, That the night set in made 
us uneasy; (6) Der Uniftand, das bie Macht 
Hereinbrad, madte uns beforgt, The fact that 
night set in made us uneasy; (c) (ss madhte uns 
bejurgt, DAG DieMadt hereinbrad, It made 
us uneasy that, etc. 


3. Some ideas cannot be expressed by simple 
nouns, but require entire subordinate clauses to 
elucidate their meaning. At times, too, a noun 
is replaced by a subordinate clause for the sako 
of stress, euphony, rhythm, or clearness. Thus 
a subordinate clause always stands for some 
part of the principal sentence—the subject, 
the object, an attribute, or an adverbial adjunct, 
and according to its function, the dependent 
clause is either a subject clause, an object clause, 
7 altributive (adjective) clause, or an adverbial 
clause. 


EXAMINATION PAPER XXI. 


Correct the following sentences by changing 
the nominative, which is employed throughout, 
into the correct cases required by the ad- 
jectives. 


Jd war meine Brlidt eingedenf. Der Solhn 
T was mindful of my duty. The son 
ft fein Bater abnlid. Die Liige war 
resembles his father. The lie wis 
pie MAthener angeboren. Die Sache fdien 


innate in the Athenians. The affair seemed 
ver Beamte — bedenflrd, Gr telt = thn 
suspicious to the official, He thought him 
cin foldhes fdhredlide BVerbredhen fabhig. 
capable of ‘such a horrible crime. 
Der Gefangene war bas Urteil  gewartig. 
The prisoner was expecting the verdict. 
Die CGlrern find die Spradhe nicht madtig 
The parents have not command of the language. 
Die Svuldaten waren der Hten ft itherdriffig. 
The soldiers were weary of the service. 
Dre Soldaten war der Dienft itberdriffig ° 
The service was wearisome to the soldiers. 
Das Kind ift feine Elterm Gehorfam fdhulvig 
The child owes obedience to its parents. 
Diefe Handlung ft du — unwirdig. Man 
This action is unworthy of you. They (people) 
iiberhob indy dte Miube. Die Werfolery 
spared me the trouble. The pursuers 
wurden Der Diebh habhaft. Diefer Bwifdenfal 
got hold of the thief. This incident proved 
erivies fic) ich giinjtig, Das ift fie gang gleidhgiltig. 
favourable to me. This is quite indifferent to her. 
Das Bolf ift der Kinig untertan. Trogdem 
The people is subject to the king. Though 
der Fall .der Midter unklar war, fand ev thn 
the case was not clear to the judge, he found him 
nas WBWerbredhen fdhuldyg. Der Felbherr 
guilty of the crime. , The commander-in-chiet 
war diefe grofe Uber gahl nidt gewadfen, 
was not equal to such overpowering numbers, 
und erga fid, alder Die heranradende frifce 
and surrendered when he got sight of the 
Truppen anfidtig wurde. 
approaching fresh troops. 


CONVERSATIONAL EXERCISES 
V. Laundry and Washing 


I have some dirty linen, can it be 
washed ? 

Oh, yes; give it to mo, please. 

When can I get it back? 


In four or five days. 
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Sd) habe einige fdimupige Wafde, fann fie gewafdyen 
werden ? 

© ja, bitte geben Ste fie miz. 

Mann fart id) fie wieder haben ? 

Sn vier bis fiinf Tagen. 


That is too late; I must have it to-morrow, as 
I start in the evening. 

Very well, I shall try to make it possible. 

I have 4 shirts, 6 collars, 4 pairs of cuffs, 
10 handkerchiefs, 3 pairs of socks, and 
3 pairs of pants. The shirts must not be 
starched. 

Everything shall be done as you wish. 

Can I rely on everything being delivered 
in time ? 

Certainly, sir. 


LANQUAQGQES—SPANION 


Dads ift gu fpat; teh brauche fie fon morgen, da id 
Abends abretfe. 

Sehr wohl, idh werde tradhten eo moglidy yu madien. 

sd) habe 4 Hembden, 6 RKragen, 4 Baar Manfdetten, 
10 Vafdentuder, 3 Barr Socfen und 3 Paar 
Unterbetnflewer. Die Oemden durfer met 
geftartt werden. 

Wiles foll nad) Wunjdh beforat werden. 

Kann cd) mid) darauf verlaffer, bag Miles rvedvegeitiy 
aeliefert wird ? 

Gewif, mei Gere. 


VI. At the Telegraph Office 


I want to send a wire to England. 
How much a word? Twenty pfennigs. 
Can I have a form ? 

How must I mark it for reply paid ? 


R. p., sir. 

How many letters may a single word contain ? 

Sixteen, sir; more letters in a single word are 
charged as two words. 

Is the handwriting legible ? 

Oh, yes; only this letter is not quite clear. 

When does the telegram reach London /! 

In about three hours. 

Can I have telegrams forwarded / 

Certainly, if you let me know your new addi ess 
and fill in this form. 

How many words does the telegram contain ? 

Is the signature to be wired as well ? 

No, only the surname. 


asd) wunfdye cin Telegramm nad) Gngland anfgugqeben. 

Was foftet bas Wort“ WO Pfennige. 

Kant wd) cut Formilar haben 2 

Welde YVezerdnung aft fur begahlte Mucfannvert 
erforder lid) ? 

R. p., mein Herr (Réponse payée). 

MWre wtele Budhftaben barf ern ertfadves Mort enthalten ? 

CSedysgehu, mein Herr; mehr Budhftaben in eniem Wort 
werden ale givet Worte geredynet. 

Sit bie Schrift gut leferlidy ? 

O ja, une diefer Brudhftabe aft niet ganz deuthrd. 

Wan fanu das Telegram in Londen fers / 

vn ungefahr oret Stunden 

Kann wy mite Telegramme nachfenden laffen 2 

SGennif, wenn Sre mix Ihre neue Moreffe auttetlen und 
piefe Horm ausfirllen. 

‘Rie viel Worte enthalt day Telegram / 

Soll dre Unterfcyrift and) telegraphurt werden ? 

Mein, nur der Familienname. 


Continued 


Continued fiom 
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REGULAR VERBS 
Spanish verbs have three conjugations. All 
verbs, regular or irregular, ending in ar belong 
to the first conjugation. Example: Amar, to 
love. 
All those ending in er belong to the second 
conjugation. Example: Comer, to eat. 
All those ending in ir belong to the third 
conjugation. Example: Vtvir, to live. 
Regular verbs are those in which the tei 
minations conform to the model verb of their 
conjugation ; these terminations are applied 
directly to the unchanged stem found by sup- 
pressing the infinitive ending. Examples: 
am-ar; am-amos—to love ; we love 
com-er ; com-emos—to eat ; we cat 
viv-ir ; viv-tmos—to live ; we live 
Those verbs which by changes in stem and 
termination differ from the model verb of 
their conjugation are called irregular. 
his, however, does not apply in the case of 
orthographic changes in certain regular verbs, 
made for the sake of euphony only. These will 
be pointed out later. 
Firat Conjugation 
Mops. Vers: Amar, to love 
INFINITIVE GERUND 
amar, to love amandc, loving 
Past PaRticrrLe 
amado, loved 


By Amalia de Alberti & H. S. Duncan 


INDICATIVE Moup 

Semple Tenses 

Impe fect 

amdba, I was loving 
amdabas, thou wast loving 
amdba, he was loving 
amdbamos, we were loving 
amdhais, you were Joving 
amdban, they were lov ing 


Present 
amo, | love 
amas, thou lovest 
ama, he loves 
amamos, we love 
amats, you love 
aman, they love 


Past Definite Future 


amé, I loved amaré, I shall love 
amaste, thou lovedst amards, thou wilt love 
amé, he loved amara, he will love 
amamox, we loved amarémos, we shall love 
amdsteis, you loved amaréis, you will love 
amdron, they loved amardn, they will love 


CONDITIONAL Moop 


amaria, 1 should love 
amarias, thou wouldst love 
amaria, he would love 
amariamos, we should love 
amariats, you would love 

° amarian, they would love 


IMPERATIVE Moop 


ama, love (thou) amémos, let us love 
ame, let him love  amdd, \ove ye 
amen, let them love 
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SusByJuNncTIVE Moop 


Present Imperfect 
ame, I may love ler or amdase, I might 
ove 
ames, thou mayst amdras, or amdses, thou 
love mightst love 
ame, he may amdéra, or amdse, he might 
love love 
amémus, we may amdramos, or amédsemos, 
love we might love 
améis, you may amdrais, or amédsets, you 
love might love ’ 
amen, they may amdran, or amdsen, they 
love might love 
Future 


cuando yo amdre, when I shall love 
cuando tu amadres, when thou wilt love 
cuando él amare, when he will love 

cuando nosotros amdremcs, when we shall love 
cuando vosotros amareis, when you will love 
cuando ellos amdren, when they will love 


CoMPOUND TENSES 
Infinitive Past 
haber amado, to have loved 
habiendo amado, having loved 


INDICATIVE Moop 
Past Indefinite 
hé amado, I have loved 
has amado, thou hast loved 
ha& amado, he has loved 
hemos amado, we have loved 
habeis amado, you have loved 
han amado, they have loved 
Pluperfect 
habta amado, I had loved 
habias amado, thou hadst loved 
habia amado, he had loved 
habiamos amado, we had loved 
habiars amado, you had loved 
habian amado, they had loved 
Past Anterior 
hube amado, (when) I had loved 
hubiste amado, thou hadst loved 
hubo amado, he had loved 
hubtmos amado, we had loved 
hubistets amado, you had loved 
hubteron amado, they had loved 
Future Perfect 
habré amado, I shall have loved 
habrads amado, thou wilt have loved 
habrd amado, he will have loved 
habrémos amado, we shall have loved 
habréts amado, you will have loved 
habrdn amado, they will have loved 


Conpit1ionaL Moop 
habria amado, I should have loved 
habrias amado, thou wouldst have loved 
habria amado, he would have loved 
habriamos amado, we should have loved 
habrias amado, you would have loved 
habrian amado, they would have loved 

SuBJuNCTIVE Moop 

Past Indefinite 

haya amado, I may have loved 
hayas amado, thou mayst have loved 
haya amado, he may have loved 
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hayamos amado, we may have loved 
hayais amado, you may have loved 
hayan amado, they may have loved 


Pluper fect 

hubiera, or hubiese amado, I might have loved 

‘hubteras, or hubieses amado, thou mightst have 
loved 

hubiera, or hubtese amado, he might have loved 

hubiéramos, or hubtesemos amado, we might 
have loved 

hubterais, or hubiesets amado, you might have 
loved 

hubieran, or hubtesen amado, they might have 
loved 

Future Perfect. 

hubiere amado, (when) I shall have loved 

hubteres amado, thou wilt have loved 

hubiere amado, he will have loved 

hubtéremos amado, we shall have loved 

hubiérets amado, you wilt have loved 

hubieren amado, they will have loved 


Second Conjugation 
Mone. VERB: Comer, to eat 
INFINITIVE GERUND 
comer, to eat comiendo, eating 


Past PaRTICIPpLE 
comido, eaten 


INDICATIVE Moop 
Imperfect 
comia, I was eating 
comias, thou wast eating 
comia, he was eating 
comiamos, we were cating 
comiais, you were eating 
comian, they were cating 
Future 
comeré, I shall eat 
comeras, thou wilt eat 
comerd, he will eat 
comerémos, we shall eat 
comisteis, you ate comeréts, you will eat 
comiéron, they ate comeran, they will eat 


ConpiTionaL Moop 
comeria, I should eat 
comerias, thou wouldst eat 
comeria, he would eat 
comeriamos, we should eat 
comertats, you would eat 
comerian, they would eat 


IMPERATIVE Moop 
come, eat (thou) comdmos, let us eat 
coma, let him eat comed, eat (ye) 
coman, let them eat 


SuBJuNcTIVE Moop 
Present 
coma, I may eat comamos, we may eat 
comas, thoumaysteat comats, you may eat 
coma, he may eat coman, they may cat 
Imperfect 
comtera, or comiese, I might eat 
comieras, or comieses, thou mightst eat 
comtera, or comtese, he might eat 
comtéramos, or comiésemos, we might eat 
comsérais, ot comiésets, you might eat 
comteran, or comiesen, they might eat 


Present 
cémo, I eat 
comes, thou eatest 
come, he eats 
comémos, we eat 
coméis, you eat 
comen, they eat 


Past Definite 
comi, I ate 
comiste, thou atest 
comié, he ate 
comimos, we ate 


Future 
coméere, when I shall comséremos, when we shall 
eat eat 
coméeres, when thou comiéreis, when you will 
wilt eat eat 
comtere, when he will cométeren, when they will 
eat eat 


Remarks. In the first conjugation the accent 
distinguishes identical forms. Example: Amo, 
I love; amé, he loved. In the first case the 
atress is laid on a, in the second on o. 

In the second conjugation, cdémo, I eat, takes 
an accent to distinguish it from como, as. 

The compound tenses are formed as in the 
case of amar with the verb haber and the past 
participle comtdo. Example: He comido, I have 
vaten, etc. 


Vocabulary Vocabulario 

To buy - Comprar 

To calculate Calcular 

To compare Comparar 

To devour Devorar 

To wish Desear 

To demonstrate Demostrar 

To remain Quedarse 

To eclipse Kelipsar 

To edify Ynstruir 

To embroil Embrollar 

To muffle Embozar 

To empower Facultar 

To give sentence Fallar 
(judicial) 

To fatigue Fatigar 

To congratulate Felicitar 

To run Correr 

To enter Entrar 

To deliver Entregar 

To give sparingly Escatimar 

The famine El hambre 

The skirt La falda 

A flounce On volante 

The lantern, hghthouse La linterna, el faro 

The luggage El equipaje 

The watch-tower La atalaya 

The short-cut El atajo 

The main road El camino real 

The village La aldea 

Hasten Prisa (darse) 

The jail La carcel 

The prisoner El prisionero 

A problem Un problema 

Prismatic Prismatico 

Favourite Favorito 

A prophet Un profeta 

A ravine Una barranca 

Brittle Quebrajoso 

The complaint La queja 

Perhaps Quiza 

A parasol Uns sombrilla 

The Bible La Biblia 

Biblical Biblico 

A parable Une pardbola 

The Gospel El Evangelio 

The evangelist E] evangulista 

To evangelise Evangelizar 

To excavate Excavar 
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Exercisg XII. (1) 
Translate the following into Spanish : 


1. I buy meat, eggs, and milk at the farm ; 
the farmer is very honest. 2. I, too, shall buy 
them there, and we shall also, my daughter and 
1, buy fowls (there). 3. Do you eat many birds ? 
4. Yes, we are very fond of them. 5. I eat a 
great deal of game ; we have bought partridges 
and pheasants. 6. 1 wish to demonstrate this 
problem to you. 7. The judge has given sentence 
in the lawsuit. 8. Shakespeares fame has 
reached to the end of the world. 9. That woman 
friend of yours is capable of embroiling the 
most united family. 10. Driving along the main 
road the carriage upset, and the coachman and 
the horses were hurt. 11. They took the prisoner 
in haste to the prison. 12. Perhaps the doctor 
may come to see me; my son complains of 
headache. 13. Open your parasol; the sun is 
hot. 14. When they excavated in the ravine, 
they found a beautiful statue. 15. The lantern 
(of the lighthouse) of the port of Cadiz is seen 


very far off. 
from my pocket. 


16. They have stolen my money 
17. When was this? 18. 


When I went to buy the Bible for the children. 
19. I wish you a happy New Year. 


Note. 


Students should now attempt to 


translate the exercise with the aid of a good 


dictionary, such as the new edition of Velasquez’ 
ictionary (published by Hachette, k 
illiam Street, Strand. 


Spanish 


ing 
10s. 6d. net). 


Exercise XII. (2) 
Translate the following into English: 


1. Los huérfanos amaban 4 su padre. 


2. Los 


estudiantes 4man 4 su perro. 3. Amaré & mis hijos. 
4. No dejes de emar 4 tu enemigo, asi lo manda el 


Evangehio. 


que llorar. 
comida. 
con los dedos. 
bien. 

Jadran. 
fruta. 


§. Coman con nosotros. 
erémos con Vds con mucho gusto. 
no necesita ver para comer. 


6. Com- 
7. Un ciego 
8. Ex mejor reir 


9. Gano su pleito, y diéd una gran 
10 Los sordos mudos pueden hablar 
11. El actor declamé muy 
12. Los canarios cantan, y los perros 

13. Cuando vamos al huerto comemos 


PROSE EXTRACT X. 
From “El! Buey Suelto”? (The Unyoked Ox). 
By José de Pereda. 


Cirant me, reader, if 
you have no objection, 
that when a man has 
been accustomed from 
his earliest years to 
have the ordinary and 
most pressing needs of 
life supplied as if by 
aaa: Ke is well on the 
way to be an egoist. 
This does not prevent 
the man who has won 
the goods he enjoys in 
a fierce struggle with 
Fate from being an 
egoist also. 


Concédame el lector, 
si mal no le parece, 
que cuando un hombre 
ha visto desde que 
empezé a serlo, 
satisfechas como por 
ensalmo Jas mas com- 
unes y_ pvrentorias 
necesidades de la vida, 
tiene mucho adelan- 
tado para ser egoista. 
Lo cual no se opone 
& que también lo sea 
el que ha ‘ganado el 
bien que disfruta en 
guerre encarnizada con 

suerte. 
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Is that to say that 
egoists abound, that 
the species varies 
with every specimen? 

; but it will be 
well to draw a distinc- 
tion between the cases 
as regards the subject 
of these reflections. 

He who is selfish 
beaause he has been 
made so by the ill-usage 
of Fortune, he who 
devotes himself to his 
own enjoyment as a 
reward for bygone hard- 
ships, finds an excuse 
in this, and a perennial 
delight in comparing 
the smiling present with 
the anxious past. Thus, 
imagination does not 
beguile him, changes 
cannot bewilder him, 
neither is he “the 
slave of habit,” ac- 
cording to the popular 
saying applied to those 
waverers who deplore 
imaginary evils from 
exvess of good. His 
course lies clear before 
him and he follows it 
firmly, without sny 
risk of stumbling into 
error from the ve 
fact that he has no il- 
lusions to light the way. 

The case of Gideon 
is very different ; he is a 
type which includes all 
kinds of egoists who 
ought not to be so, 
even from selfish mo- 
tives. 

To these gentlemen 
{ address my tale. 1 
speak to you; to you, 
who, eager to avoid 
material annoyances,fly 
from the most legiti- 
mate joys of the spirit ; 
to you, prodigal of your 
substance, when it is 
@ case of pampering 
the body and niggards 
of it when your soul 
requires a halfpenny to 
purchase joy. 
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i Querré decir esto que 
los egoistas abundan, 
ue sus especies 
Satan en cada ejemp- 
lar ? Enhorabuena, 
pero conviene distinguir 
el caso para el objeto 
de estos apuntes. 


El que es egoista 
porque asi le hizo cl 
desdén de la fortuna, 
el que se consagra al 
propio regalo como 
en recompensa de pas- 
adas fatigas, tiene en 
éstas la disculpa, y 
perenne deleite en la 
comparacién del pre- 
sente ruisefio con el 
ayer angustioso. De 
este modo, ni la im- 
aginacién le seduce, 
ni jas vacilaciones le 
marean, nt el vicw le 
mata, como el vulgo 
dice de los indecisos 
que lloran  sofiados 
males por exceso de 
bienes. Lleva su 
trumbo bien trazado, 
y camina con pié firme, 
sin el riesgo de tropezar 
en desengajios, por lo 
mismo que no se alum- 
bra con ilusiones. 


Otra cosa muy dis- 
tinta es Gededén, tipo 
en que se resumen 
todas las especies de 
egoistas que no de- 
bieran serlo, hasta por 
razones de egoismo. 


A estos sefiores en- 
derezo mi cuento ; con 
vosotros hablo; con 
vosotrus, los que afan- 
ados en evitarle desa- 
zones de la materia, 
huis de los mas legiti- 
mos goces del espfritu ; 
con vosotros los que, 
prédigos de Ja hacienda 
cuando se trata de 
regalar al cuerpo, sois 
avaros de ella si el alma 
os pide un dbolo para 
adquirir un regocijo. 


José de Peredas (1834), 
a master of the pro- 
vincial novel, _ re- 
nowned for his power 


of description and 
reslistic pictures of 
peasant life in the 


mountains. The novel 
of which our extract is 
the opening is a satiri- 
cal history of the 
miseries and misadven- 
tures of anold bachelor, 
partly intended as a 
reply to Balzac’s novel 
‘“* Petites Miséres de la 
Vie Conjugale.”’ 


José de Pereda (1834), 
pasado maestro en las 
novelas _provincialas, 
afamado por su poder 
descriptivo y pinturas 
realisticas de la vida 
aldeana en la montaiia. 
La novela de la cual 
nuestro extracto es el 
principio, es una his- 
toria satirica de las 
miserias y desventuras 
de un soltero vicjo, en 
parte escrita como con- 
testacion & la novela 
de Balzac. ‘“ Petites 
Miséres de In Vie Con- 
jugale.”’ 


Key to Exercises XJ, (1) 


1. El amor al dinero trae la avaricia. 


2. El 


ser prédigo no es siempre tener caridad. 3. La 


actividad vence la apatia y la pereza. 
ser ilusivo es tener poca conciencia. 
incredulidad es una triste cosa. 


4. El 
5. La 
6. La curiosidad 


demuestra una imaginaci6n poco ocupada. 7. 


La desesperacién no es cristiana. 


8. Muchos 


hablan, pocos son elocuentes. 9. El entusiasmo 


hace el hombre herdico. 
ll. Los celos hacen la 


siempre sabiduria. 


desgracia de los celosos. 
13. La gratitud demuestra nobles senti- 

14. En el peligro la presencia de 
15. El remordimiento no 


virtud. 
mientos. 
espiritu vale mucho. 


remedia el mal hecho. 
17. La vanidad es tonta. 


siempre orgullosa. 


10. La erudicién no es 


12. El celo es una 


16. La necedad es 


18. La ociosidad es madre de todos los vicios. 
19. El aseo es una gran cualidad. 20. El desasco 


cs desagradable. 


21. El pensamiento es dado 
al hombre para guiarlo. 


Kry To ExercisE XI. (2) 
1. Tam aged. Iam an old woman. 2. We 


are hungry. Eat bread and meat. 


3. They 


are not guilty; I am guilty of this crime. 
4. Iam ashamed to have spoken against my 


neighbour. 
right, 


pata 


he is a beautiful woman, and has money. 


I am ashamed! 65, They are 
I am _ reasonable. 
Drink water and. wine. 
8. Thou art a fool to talk thus. 9. 


6. I am_ thirsty. 
7. Let. us have 


10. 


We are fortunate to have such a celebrated 


father. 
crimes. 
were not 80 vain. 
sing. 
us have courage. 


letters is a great quality. 
18. Insolence is unpardonable. 


natural to man. 


14, He is a braggart and a liar. 
16. Originality in a man of 


ll. They will be punished for their 
12. Hewould be a man of talent if he 
13. Thou wast amiable to 


15. Let 
17. Love of liberty is 


19. It is well to ascertain the truth. 20. Exag- 
eration sometimes amounts to falsehood. 21. 
t is well to count one’s money before spending it. 


Continued ; 
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By A. H. HIORNS 


Metallography. The branch of metallur- 
gical scicnce termed mefallography is, in the 
broadest sense of the word, the description of 
the structure of metals and alloys. It is not 
necessarily limited to the employment of the 
microscope or even to the hand glass, for the 
fractured surface of a metal often reveals 
valuable information when viewed with the 
naked eye. We form an opinion of the nature 
of metals also from their colour, their manner 
of solidifying in a mould, and the texture of 
their surfaces. But only very limited iniorma- 
tion as to the structure of metals can be 
obtained by simply using the unaided eye to 
examine the rough or unpolished surface. ‘The 
structure of what may be termed the internal 
architecture of metals can be accurately ascertained 
only by the use of the microscope, generally on 
the polished and etched surface. 

Microscopic Investigation. One of the 
great results of the microscopic investigation 
of metals has been the confirmation of their 
crystalline character, even in metals in which 
such a structure could not have been anticipated 
or proved by other means The appearance of 
the polished structure of a metal under the 
inicroscope seldom reveals definite and well- 
formed crystals—in fact, the conditions of 
sohdification from the molten state and the 
mechanical treatment to which most metals 
are subjected militate against the formation 
and retention of the true external crystalline 
form = The result is a compact mass of irregular- 
shaped bodies termed crystal grams, giving 
the surface the appearance of a mosaic with 
regularly shaped stones. 

Character of Crystal Grains. In the 
act of solidifying, crystals begin to form and 
gradually grow in size according to the time 
ullowed for their development. The junction lines 
are the surfaces of the crystals, and appear as thin 
dark lines in the micro-structure. If impurities 
be present, the crystals of the pure metals in the 
act of crystallising reject such impurities, which 
collect at the crystal boundaries. The particles 
of the pure metal coalesce together so as to form 
little islands surrounded by the impurity, which 
thus forms the investing membrane, separating 
the crystals from each other. 

Obviously, the mechanical and physical pro- 
perties of an alloy will depend largely on the 
nature of the investing membrane, since the 
crystals themselves may be quite malleable and 
ductile, while the mass of the metal, with the 
including impurities, may be quite brittle. The 
main factor in the development of crystalline 
structure is the temperature. it is a well- 
recognised, fact that the more slowly a metal is 
cooled from the freezing point, the larger will 
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be the dimensions of the crystals, the more 
perfectly will they be formed, and the more 
symmetrically will they arrange themselves with 
regard to each other. On the other hand, if a 
metal be submitted to pressure, not only will 
the individual crystals be distorted, but the 
orderly arrangement of the whole mass will be 
disturbed. Messrs. Ewing and Rosenhaim have 
shown that when a piece of metal is strained in 
tension its crystal grains become elongated in 
the direction of the tension; but when the metal 
has been annealed all signs of the elongation 
disappear from the crystalline pattern revealed 
by the microscope, and the metal has assumed 
its origmal condition. On mvestigating the 
metal under strain, when the metal is stretched 
beyond its elastic limit it has also been found 
that sharp and fine black lines appear on the 
surtace of the crystals, parallel to cach other in 
each crystal but im different directions in differ- 
ent crystals. These lines are not cracks, but 
slips along the cleavage or guiding planes, and 
are termed alip-bands. Such bands are also 
produced by compression or tension, and it 18 
m virtue of this action that plasticity m metals 
18 possible. 

Preparing Metals for the Microacope. 
For exact examination of the structure of metals 
It is absolutely necessary to have the surface 
polished free from scratches, as well as perfectly 
flat. 1f high powers are to be used, since scratches 
and other imperfections tend to mask the real 
structure and convey an erroneous impression 
regarding the character of the components. 
Polishing 1s an art requiring skill and patience, 
and while no exact rules can be given to cover all 
cases, the following will serve as a general guide. 
The section of metal should be about 4 in. square, 
and 3 in. thick. It may be mounted for final 
examination on a glass slide with Canada balsam, 
plasticine, wax, or other suitable adhesive 
materials, or soldered on to a flat piece of metal. 
The first process isto rub it smooth on a dead- 
smooth file, and afterwards to remove the 
scratches with emery androuge J)ifferent grades 
of emery can be purchased, marked O, OO, OOO, 
and OOOO, respectively. Each grade should be 
mounted on a smooth block, and the specimen 
rubbed on each in turn, care being taken to rub 
at right angles to the former rubbing, 80 as to 
obliterate the previous marks completely. The 
final polishing may be done on a skin of chamois 
leather coated with the very finest rouge. 

Etching the Specimens. Various etching 
liquids are used, varying with different metals. 
Those employed for steel are dilute nitric acid, 
tincture of iodine, infusion of liquorice, ammo- 
nium nitrate and picric acid; for copper and 
brass, dilute nitric acid, hydrochloric acid and 
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ammonia; while for alloys with much zinc, 
potash is the best reagent. In fact, numerous 
etching liquids are available. 

It is sometimes an advantage to polish in bas- 
relief. When a complex body is polished, ita 
different constituents tend to wear away un- 
equally, and it is possible, by placing it in con- 
venient positions, to show the structure by the 
unequal relief. To do this, the section is polished 
on a bed elastic enough to bring out the finest 
details, such as parchment on soft wood, and 
moistened with wet rouge. Another method of 
polishing is known as polish attack. This consists 
of adding to the polishing pad some liquid which 
exerts a slight chemical action when assisted by 
the friction of the rubbing. 

Heat Tinting. Etching polished metals 
with corrosive liquids is more or less liable to 
lead to the confusing of the constituents and 
crystalline structure. With feeble etching the 
component parts are, as a sule, revealed ; with 
strong etching the granular, and often the 
crystalline structures, are developed. By heat- 
ing polished sections at different temperatures 
the constituents become differently coloured b 
oxidation films, and may therefore be dintected. 
This has the advantage over etching, that 
none of the metal is dissolved, and the surface 
remains flat. 

The Microscope. A very simple form of 
microscope is all that is necessary for examining 
metals, but the lonses must be of good quality. 
The objectives must give a flat field, should be 
achromatic, and should possess clear definition. 
A bull’s-eye condensor is required for con- 
densing the light on to the object, or on to 
the vertical illuminator. 

The most useful objectives are 1 in. and } in., 
which give magnifications from 50 to 200 
diameters. Two kinds of illuminators are in 
use, termed respectively oblique and vertical 
illuminators. In the former, the microscope is 
generally tilted at an angle, and the light thrown 
directly on the object, which reflects it to 
the eye. For vertical illumination a piece of 
glass is arranged at an angle of 45 degrees, 80 as 
to reflect a horizontal beam of light on the object, 
which then reflects the light vertically up the 
tube of the microscope to the eye. Instead of 
the plane glass rcflector, a right-angled prism 
wae be used. It is fixed in a brass mounting, 

may be placed just above the objective, or 
just under the eye-piece. 

Iron and Steel. Wrought tron is com- 
posed of three chief parts : the crystals of iron, 
termed ferrite, the carbide of iron, termed 
cementite, and the included slag which imparts 
to iron its fibrous structure. Cast tron is of two 
chief kinds—namely, grey cast iron, consisting 
chiefly of ferrite and graphite ; and white cast 
iron, containing no free ferrite, but iron com- 
bined with carbon in a form which imparts to 
it a white crystalline structure and great 
hardness. Steel is composed of different com- 
ponents, according to the amount of carbon 
present. When the steel contains less than 
0-9 per cent. of carbon, it consists of ferrite 
embedded in a matrix of what is termed pearlite, 
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which is an intimate mixture of ferrite and 
cementite in alternate laminss. When the steel 
contains just 0°9 per cent. of carbon, the whole 
mass is composed of pearlite, with no free crystals 
of ferrite. is termed the eutectic mixture, and 
the iron is said to be saturated with carbon. 
When the steel contains over 0-9 per cent. of 
carbon, it consiste of crystals or grains of pearlite, 
surrounded by a network of cementite, which 
hardens the steel according to the quantity 
present. 

A section of pure iron, when polished and 
etched in dilute nitric acid, is seen to consist of 
irregular-shaped grains or crystals, Two dis- 
dinct types are generally observed: (1) smooth 
and bright areas consisting of pure iron (ferrite) ; 
and (2) greyish rough areas of a wavy or mottled 
appearance, being more readily attacked by nitric 
acid. When carbon is present the crystals of 
ferrite are surrounded by a matrix of pearlite, 
which encroaches more and more on the forrite 
as the carbon is increased, as shown in the plates 
following pages 2936 [2 and 8]. The pearlite 
matrix is seen in the latter to have a character- 
istic banded structure. When the steel contains 
about 0:9 per cent. of carbon, the whole mass 
consists of pearlite. When the carbon is 
increased beyond 0°9 per cent., the ferrite crystals 
have cntirely disappeared and have been re- 
placed by pearlite; the excess of carbon over 
0-9 per cent. then appears in combination with 
iron as free cementite, as seen in 4, These 
three figures represent the steel in the normal 
state. 

Effects of Annealing Steel. On 
annealing steel a change is produced in 
the physical properties, and this change is 
coincident with a change in structure. By 
annealing is meant heating to a certain elevated 
temperature and cooling slowly to the ordinary 
temperature. The effect on the micro-structure 
by annealing is seen in 5 and 6. The changes 
which have been produced occurred mainly in 
the ferrite, but the pearlite has become more 
granular. The effect of annealing high carbon 
steel at 620° C., as seen in 7, is chiefly to sharpen 
the outline of the cementite. The above remarks 
apply also to 8, 9, and 10, but the effects are 
intensified by the long soaking or annealing for 
12 hours, the cementite and pearlite being 
well defined in 10. In all the specimens hich 
have been described the white parts represent 
ferrite and cementite respectively, and the 
darker parts the pearlite. 

Malleable Iron. Malleable iron castings 
consist of white cast iron which has been sub- 
sequently annealed in iron boxes packed with 
hematite. The carbon in the castings before 
annealing is chiefly in the combined form, as 
cementite, and this undergoes a more or less 
complete change in the process of annealing. 
Some of the carbon is removed, but the greater 

remains as graphite. On the outside of 
the casting the carbon is oxidised by the 
oxygen of the haematite, leaving ferrite. On 
the other hand, there is a store of carbon 
towards the centre of the bar in the form of 
amorphous graphite, which is continually re- 
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éarpurising the ferrite by solid diffusion. The 
structure of the outside, intermediate and centre 
of the casting, is seen in 11, 12 and 13. 

Copper. The micro-structure of copper 
varies with the mode in which it has been pro- 
duced. Electrolytic copper is confusedly crystal- 
line. Pure copper consists of irregular-shaped 
erystal grains with very fine and sharp bound- 
aries. These crystal grains increase in size 
according to the slowness of cooling Small 
secondary grains are often built up from the 


larger ones. Fig. 14 is the top of a button of , 


copper. When copper is rolled or hammered, as 
in 15, the secondary grains are elongated in the 
direction of the rolling, and finally may become 
s0 attenuated as to break down. Annealing 
tends to release the strain and allows the grains 
to rearrange themselves. Fig. 16 is copper foil, 
etched in nitric acid, and shows fine clongated 
grains. 

Tin. When an ingot of pure tin is cast it shows 
a bright surface, but if impure, the surface shows 
astructure of dendritic crystals. If the surfaces of 
the ingots be etched, they are seen to be coarsely 
granular. Fig, 17-is from the base of a very thin 
sheet of tin cast on stone. Fig. 18 shows a piece of 
hammered tin, by oblique illumination, etched 
with dilute nitric acid. The original structure 
has disappeared, and a finer crystallisation has 
taken its place. Annealing causes a growth of 
the crystals. Fig. 19 shows the structure of tin 
after annealing. 

Zinc. An ingot of zinc shows dendrites 
similar to those of lead and tin. Fig. 20 shows part 
of a dendrite on the surface of metal cast on 
stone. There are three main axes. 

Aluminium. On the sides and base of a 
bar of aluminium, where it has cooled in contact 
with the mould, dendrites of a leat-like form are 
seen, and in 21 are several of these dendrites 
which are the centres of crystallisation. 

Lead. Cast lead exhibits a dendritic struc- 
ture, and the dendrites are the skeletons of gram» 
or primary crystals. In 22 the secondary crystals 
are seen. This surface was the last to solidity 
m an ingot cast in stone. Etching brings out 
the primary crystallisation very distinctly. 

Platinum. Fig. 23 shows dendrites on the 
surface of a platinum button. They consist of 
two axes at right angles, and form skeletons of 
the crystals, as in the case of the metals men- 
tioned above. 

Silver. Fig. 24 shows the surface structure 
of an ingot of silver. Three or more primary 
crystals are seen to be built up of numerous 
secondaries, possessing distinct orientation. 

Gold. Pure gold crystallises in hexagonal 
crystals, which are built up of secondary crystals. 
Fig. 25 shows some of the dendrites met with in 
a slowly-cooled gold button. Rolling breaks down 
the primary crystals, producing a finer structure. 

Alloys. When two or more metals are 
made to unite permanently, the resulting body 
is termed an alloy. When mercury is the chief 
constituent the alloy is termed an amalgam. 
Comparatively few of the metals possess such 
properties as render them suitable to be used 


METALS 


alone by the manufacturer, but most of them 
have important applications in the form of 
alloys. 

The condition of an alloy in the liquid state 
may be (1) either a solution of one metal in 
another; (2) a chemical compound; (3) a 
mechanical mixture ; (4) a solutjon or mixture 
of two or all of the above ; and similar differences 
may obtain in the solid state. A solidified solu- 
tion is illustrated in the alloys of lead and tin. 
Copper and tin produce a chemical compound 
(SnCu,,). Lead and zinc form an example of a 
mechanical mixture. 

The general effect of alloying metals together 
is to increase the hardness, lower the melting 
point and conductivity, and otherwise to modify 
the properties of the separate metals. An 
illustration of the hardening power by alloying 
is seen in the case of standard gold and silver ; 
of the lowering of the melting points, in the case 
of fusible alloy; and the class of alloys known 
as brass forms a good object-lesson in varying 
changes of colour produced by alloying. 


Properties of Alloys. Metals may be per- 
fectly alloyed together when in the liquid state, 
but when poured into a mould there is often a 
tendency for the constituents to separate, 
causing the mass to be non-homogeneous. The 
reason of this is that the addition of one metal 
to another produces an alloy, the solidifying 
point of which is often lower than it should be 
according to calculations based on the fusing 
points of the separate metals. One particular 
mixture has a lower fusing point than any other 
possible mixture of the metals employed, and 
this is termed the eutectic alloy of the series. 
Apart from true chemical compounds, a fluid 
mixture of two metals begins to deposit its less 
fusible constituent first, and as the temperature 
falls, more and more of this constituent will be 
deposited, the other elements remaining in the 
fluid portion until it has acquired the eutectic 
composition, when it will solidify as a whole in 
the spaces left between the already solidified 
particles. 

The more slowly an alloy solidifies, the greater 
will be this tendency to separate into two or 
more portions. Separation in the early stages of 
cooling may be partially prevented by mechanical 
agitation, such as stirring with a rod and bv 
pouring into a cold mould. In some canes 
the difference in the fusing points of the general 
alloy and the eutectic is so great that they may 
be largely separated from each other by pouring 
off the still liquid alloy after the other portion 
has solidified. An alloy of silver and lead may 
be separated from copper in this wuy. 


Preparation of Alloys. The usual 
method of preparing alloys is to melt the metals 
together in a crucible or furnace, but they may 
in some cases be produced by strongly compres- 
sing the metals together in the form of powder. 
Certain alloys, such as gold and copper, or copper 
and zinc, may be made by electro-deposition. 
Large quantities of alloys, chiefly those of iron and 
the rarer metals, are made in the electric furnace. 
Aluminium alloys are also made in this way 
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By the thermel method it is usual to arelt the 
metelof highest fusien point first, and then toadd 
the other constituents. Brass, consisting of copper 
Paes fesdlamncie prea The r 
is melted first because it has a mu flickering 
point than zinc, and the latter is also very volatile. 

Alloys generally have properties differing 
from their constituente, at: some alloys have 
these differences very strongly marked. Thus, 
if @ very smali quantity of arsenic be added to 
tin, the resulting alloy will have a crystalline 
fracture closely resembling zinc. Sometimes metals 
combine with evolution of heat, and sometimes 
with an absorption of heat. The following metals 
evolve heat when they are united—aluminium and 
copper, platinum and tin, arsenic and antimony, 
bismuth and lead. On the other hand, lead and tin 
when they unite absorb heat. Metals are capable 
of diffusing mto each other if one of them be kept 
melted and the other in the solid state. Thus, 
af molten lead be kept in contact with gold or 
platinum, some of the gold or platinum will pass 
Into the lead, and some of the lead will pass mto 
the gold or platinum. Similar results occur with 
tin or bismuth 

Copper Alloys. Copper forms with other 
metals a numerous series of alloys, and 18 
valuable on account of its red colour, high 
malleability, ductility, softness, tenacity, and 
toughness, which properties it imparts mm a great 
measure to many of its alloys. Of these the most 
za aay 18 brass, which is an alloy of copper 
and zinc. These constituent metals may be united 
in all proportions, forming alloys of a red or yellow 
colour, and other properties, according to the 
amount of copper present The best varieties are 
exceedingly malleable and ductile, harder than 
copper, easily worked, and have a lower melti 
point and higher tenacity. The composition an 
properties are shown 1 tho following table : 
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Copper 

Gilding Metal Red 94 
Pinchdeck.. lRed Yellow 90 8 (Lead) 2 
Oreide d's “ 90 — 
Talrm Gold Gold 91 8 (Gold) 1 
Rich Sheet Biasa| Yellow 84 16 
Bath Metal 80 20 
Dutch Metal 76 24 
Brstol Brass 73 27 
Wire Brass 70 30 
Mosano Gold [Full Yellow 67 33 
Muntz Metal 60 40 
Delta Metal 58 39 #§=©(Iron) 3 
Sterro Metal - 56 42 2 
Braas Solder Light Yell. 50 50 

ss - White 48 52 
Lap Alloy Grey 12 88 


Brass or brazing solders are used for joining 
of brass articles together. The solder must 
ve a lower melting point than the metal to be 
soldered, and the above table clearly indicates 
the different temperatures for fusion. Some 
boganon of brass contain — which increases 
strength, hardness, tenacity, but 
diminishes the duotility. 7 
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Bronze. Bronze is aa alloy of cepper and tin, 
but lead, zinc, nickel, manganese, iron, or 8 
is often added to produce certain effects, er to 
reduce the cost. dine in small quantities makes 
broaze harder. Iron and manganese also 
it. P and silicon are used as 80- 
called deoxidisera, influencing the removal or 
solution of gases, thus making the alloy more 
sound and campact, and forming hard, dense, 
and tenacious alloys. Sulphur and antimon 
tend to make bronze brittle. Arsenic aote muc 
in the same way as phosphorus. 

The physical properties of bronze depend on 
the composition, mode of manufacture, mecha- 
nical treatment, and rate of cooling. Starting 
with pure tin, the hardness increases with the 
addition of copper up to 35 per cent., and from 
this up to 73 per cent. the alloys are exceedingly 
brittle ; beyond this the hardness diminishes a3 
the copper increases. The alloy with 62 per cent. 
of copper (SnCu,) is distinguished from all the 
rest by several characters; it presents the same 
homogeneous composition after repeated fusion, 
is pecullar in colour, has the highest density, 
exhibits the greatest degree of contraction, 
and is so brittle that it can be powdered in 
& mortar. 

Minor Alloye with Copper. Gun- 
metal contains 8 to 11 per cent. tin, and the rest 
copper, but it frequently contains zinc in addi- 
tion. Beli Metal contains 76 to 80 per cunt. 
copper and 20 to 24 per cent. tin. Small bells 
are also made of brass. Syeculwm Meal oon- 
tains 68 to 70 per cent. copper, and 32 to 30 per 
cent. tin It is white, takes a beautiful polish, 
and was formerly used for murrors. 

Special bronzes are made with or without 
tin. Phosphor-bronze is gun-metal to which a 
little phosphorus has been added. Aluminium 
bronzes are alloys of copper and aluminium, of 

which the alloy with 10 per 


cent. aluminium  is_ the 
pita strongest. It has a pgold 
severe : colour, takes a high polish, 
“4 i, «Contigo §~ sand 33 very hard, malleable, 
= eae and tenacious. The addition 
12 1040 of 2 to 3 per cent. of brass 
12 1,050 increases its tenacity and 
12°5 1,055 renders it less liable to oxi- 
: : yn dation. Alumenum brase 
13 "980 eee 2 re by ni nil 
13 960 pat tne. an per cent. 
13 940 aluminium. 
18 918 Manganese Bronze is brass 
20 890 =s to which 2 to 3 cent. of 
hd 900s manganese is 6 The 
9 manganese in ordiaary bronze 
8°5 870 is added in the form of ferro- 
2 600 i 


manganese. This necessarily 
adds to the alloy 15 lb. 
of iron for every 80 lb. of manganese intro- 
duced. 

Silicon Bronze is ordinary bronze to which 
1 to 2 per cent. of silicon is added. 

Nickel Alloys. German silver is an 
alloy of copper, zinc, and nickel. It is used as a 
substitute for silver, and as the basis of electro- 
plated wares. The properties which make 


German silver so valuable are its white colour, 
lustre, hardness, tenacity, toughness, malle- 
ability, ductility, and power of resisting certain 
chemical influences. When carefully prepared, 
it works well under the hammer and stamp and 
between the rolls, but it is advisable that the 
metals used in alloying should be as pure as 
possible, since small quantities of impurities, 
such as antimony and bismuth, seriously injure 
its working properties. Cobalt is sometimes 
added to German silver to the amount of 2 to 3 
per cent., and improves the colour of the alloy. 
The following proportions make good working 


alloys : 
Copper .. 52 54 54 56 58 60 60 
Nickel 20 18 16 14 12 10 8 
Zine 28 28 30 30 30 30 32 


German silver is made in crucibles by melting 
the requisite amount of a 50 per cent. cupro- 
nickel alloy, and adding the requisite zine in the 
torm of brass containing equal parts of copper 
and zinc 

German silver is largely used by electricians 
for standard electrical resistances because it has 
a low conductivity, and because the conductivity 
is not greatly affected by moderate differences in 
temperature  Platinoid, the electrical resist anoe 
of which is singularly constant through consider- 
able ranges of temperature, is « German silver 
containing 2 per cent. of tungsten 

Cupro-nickel, containing 75 parts copper and 
26 parts nickel, is used for small coins. and an 
alloy of 80 parts copper and 20 parts nickel is 
employed for making projectiles 






TIN ALLOYS 
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Britannia Metal. .917Tin 7°56 Antimony..1°5 Copper 
Pewter . . 80 ,, ..20 Lead — 
Fine Solde1 we pe er — 
Plumber's Solder 1 
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99 * ~ 99 








LEAD ALLOYS 


— ee. 







Type Metal 72 Lead .. 18 Antimony... 10 Tin 
99 - 82 4, «. «15 a ee 

Bearmy,, .. 84 ,, «.. 16 ~ de —_ 
3 * .. 60 7, . 20 re . 20> ,, 

Shot ,, .. 99°7,, 0 2 to 0-4 Arsenio 






BISMUTH ALLOYS 
Newton’s. .60 Buw...31 Lead .19 Tin.. — 


——— ee enone 






Rose's ..50 ,, ..28 sage 7 — 

Wood's ..50 ,, ..24 ,, ..14 ,, ..12 Cadmium 

Lipowit7's 60 ,, ..27. ,, . 18 ,, ..10 ~ 
COINAGE ALLOYS 





Gold Coin. .91°67 Gold. .8°33 Copper (Brit. Standard) 
» oy 2 90 yg wo AO » (American ,,_ ) 
Silver ,, ..92°5 Silver. .7.5 a) (Standard) 








Refractory Materiale. When a material 
is capable of resisting high temperatures without 
melting, softening, or decomposing, It is said to 
be refractory. Such materials are essential in the 
construction of furnaces in which most metal- 
lurgical operations are conducted ; at any rate, 
refractory bricks and materials are required for 
the interior, where a high tempeiature prevails 
and the scouring action of metallic oxides have 
to be resisted. Refractory materials are used 


METALS 


in the natural state, such as quartz, sand, 
alumina, oxide of iron, lime, magnesia, and 
fire clay ; or they undergo a preliminary prepara- 
tion before use. 

The degree to which a substance is refracto 
depends on the circumstances under which it is 
employed, and chiefly on the substances with 
which it is brought into contact. For instance, 
silica (sand) heated alone to a very high tem- 
perature does not even soften, but if brought in 
contact with a base, such as lime or oxide of 
iron, union takes place with the formation of a 
fusible silicate. Again, many substances are 
capable of resisting a very high temperature if 
gradually raised to it, but have not the power 
of resisting sudden changes of temperature, as, 
for instance, when a cold crucible is suddenly 
placed in a hot furnace. 

Silica and Alumina. In the form of 
quartz, silica is able to resist all ordina 
furnace temperatures, and coarse grained sand- 
stones, such as millstone grit, are frequently 
advantageously used. White sand is very refrac- 
tory, and is a valuable material for furnaco 
lining, for the beds of reverberatory furnaces, or, 
mixed with refractory clay, to form silica bricks 
for the roots. Dinas Rock, found in the Vale of 
Neath, contains about 97 per cent. of silica, and, 
when powdered and mixed with a little lime or 
clay to make it cohcre, is pressed into bricks. 
These resist very high temperatures, and are 
especially useful for the arches of reverboratory 
furnaces, as they expand with heat, but they 
will not withstand the corrosive action of 
metallic oxides  Ganister 14 another siliceous 
material, largely used for liming Bessemer con- 
vertera, and found in the lower coal measures of 
Yorkshire. 11 differs from Dimas rock in having 
the power of binding together when mixed with 
water. Natural siliceous stones are occasionally 
used tor the hearths of blast furnaces and similar 
purposes. 

Alumina is as intusible as silica, but is rarely 
found in nature in a pure state. Bauxite, which 
occurs mn several localities in France, consists 
chiefly of alumina and oxide of iron. _ It is highly 
retractory, owing to the aluminate of iron that 
forms at high temperatures being very infusible. 

Lime and Magnesia. Lime and Magnesia 
are practically infusible bodics, and strongly 
basic in character, but readily form fusible 
compounds with silica. These oxides occur as 
dolomite, from which material the lining of 
hasic furnaces is prepared = Dolomite consists 
mainly of carbonate of lime and magnesia, 
unlike ordinary hmestone or chalk, and after 
it has been very strongly calcined it can be 
rcheated and cooled as often as required without 
eruambling The most successtul method of 
utilismg dolomite or magnesium limestone is to 
fire 1t strongly, and then to grind it fine and mix 
pitch with it. The bricks made from this 
mixture are then strongly fired. Such bricks 
shrink considerably during firing, which gives 
them a more or less curved form, and they have 
to be set with similar material, which is very 
difficult to fire satisfactorily. In consequence of 
this, the calcined dolomite and pitch are madé 
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into a “slurry,” or liquid mass, and ran into a 
mould of the required size and shape, then eon- 
solidated by heat. 

Clay. Fireclay is essentially a hydrated silicate 
of alumina, with varying amounts of lime, mag- 
a oxide of iron, : aie some oe 

lastse property which clays possess is due to 
the shesicclly combined water. All clays have 
been derived from the disintegration of felspars, 
which oocur in i 8 and some stratified rocks. 
The character of the clay mainly depends on the 
nature of the rocks from which it originated, and 
to the extent to which the felspar has been 
decomposed. The refractory power depends on 
its freedom from oxides of lime, magnesia, oxide 
of iron, and alkalies. 

Pure clay may be said to consist of alumina, 
silica, and water, Ri by the formula 
Al,0,, 28i0, +2H,O0, or approximately 46 
silica, 40 alumina, and 14 per cent. water. The 
best china clay has very nearly this composition. 
The composition of fireclay ranges from 50 to 
55 per cent. silica, 20 to 32 per cent. alumina, 
2 to 4 per cent. lime, magnesia, etc., and 10 to 15 
per cent. water. If raw clay be moistened with 
water, it can be moulded to any desired shape, 
and preserve its form after drying and baking. 
If, however, the baked clay be crushed up and 
again moistened, the plastic property will be 
found to have disappeared, because the baking 
at a high temperature has effectually removed 
the chemically combined water. 

Refractory Materials. Refractory 
materials may be classified as acid, such as 
quartz and Dinas rock; neutral, such as 
graphite and chrome iron ore; and basic, 
su as dolomite, lime, oxide of iron, ete. 
In furnace construction, a basic material has 
been found in many cases, especially in steel 
making, a great advantage for the bed or bottom 
of a furnace; but basic bricks, as already 
explained, would not be suitable for the roof 
arches, because of their contraction on being 
heated. Hence it is necessary to build the roof 
with acid bricks. If acid and basic bricks touch 
each other, a mutual combination is likely to 
ocour at high temperatures, so they are gencrally 
separated by a course of neutral 
material, of which chrome iron ore 
has been found very effective. 

Firebricks are mostly made of fireclay 
mixed with quartz or burnt clay. The 
mortar for setting firebricks is prepared 
from the same materials as the bricks 
themselves, or from good fireclay, bo- 
cause lime mortar would not be suitable. 

Crucibles and Retorta. 
certain metallurgical operations, such as 
the manufacture of cast steel, the ex- 
traction of zinc, antimony, arsenic, and 
mercury, special vessels are employed, 
in the form of retorts, crucibles, muffles, 
tubes, etc., and these require to be made 
for the most part of refractory materials. 
Crucibles are made of fireclay, with 
sand, burnt clay, or other infusible 
material, so as to counteract the ten- 
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Burnt Dolomite— 
Raby Hill 

Ganister— 
Lowood .. 
Weardale.. 





dency which raw clay possesses of shrinking 
when heated. A good eruecible should be capable 
of resisting high temperatures, eudden changes 
of temperature, and the corrosive action of 
metallic oxides. I¢ should not be brittle or 
tender when hot. Some crucibles are required 
to withstand the corrosive action of metallic 
oxides, and in such cases the olay should be as 
neutral as possible, and not contain free siliea. 
In order to test a clay as to its suitability for 
ae rs singe it should be crushed 
u e, 8i mixed with a proper proportion 
of burnt clay and water, an eneadod 1. the 
right consistency. A piece of the clay is then 
shaped into the form of a prism or pyramid, so as 
to form sharp edges, carefully dried, baked and 
exposed to a high temperature in a covered cru- 
cible for some time. If very refractory, the test 
pe will show no signs of fusion. If the edges 

ave become somewhat rounded it indicates 
incipient fusion, and if melted, the clay is useless. 
A similar piece should be tested in a reducing 
atmosphere by packing it round with charcoal 
in the crucible. In order to test fireclay as to 
its resistance to corrosion, the crucible may be 
half filled with copper, which is then melted, and 
& little borax inserted, so as just to form a ring 
round the edge of the molten metal, and yet 
leave the centre free for oxidation. The borax 
will absorb the oxide and rapidly corrode the 
crucible unless it be of- excellent quahty. The 
behaviour of the crucible under the weight of 
the copper melted indicates the other qualities 
of the crucible. 

Plumbago Cruciblesa. Plumbago crucibles 
are made of clay and graphite, in the proportion 
of 51 of the former to 49 of the latter. Only 
certain varieties of graphite ‘are suitable, the 
texture being of great importance. The graphite 
is picked, ground, sifted, and mixed with fireclay, 
and left for some time to mellow after it has been 
kneadeddamp. The crucibles are moulded, dried, 
then burnt in kilns. An oxidising atmosphere 
must he avoided to prevent the carbon burning off. 

The following analyses show the approxi- 
mate composition of British materials used in 
furnace construction : 


MATERIALS IN FURNACE CONSTRUCTION 


Ferric Potash 
Bilica. |Alumina Oxide Lime Magnesia. and Bod 
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THE MYSTERY OF THE N-RAYS  puysics 


Do the N-rays Exist? The Mysterious Discovery of M. Blondlot. The Fallacy of 28 
Human Vision. The Doubtful Result of the Camera. Prof. Rontgen and the X-rays Continugd from 


By Dr. C. W. SALEEBY 


The Unity of Ethereal Vibrations. 
Everything goes to show that the one ether is 
adequate, as Faraday expected, for the explana- 
tion of light and of electromagnetic phenomena. 
Says Clerk-Maxwell: “The properties of the 
electromagnetic medium are therefore, as far as 
we have gone, similar to those of the luminiferous 
medium, but the best way to compare them is 
_to determine the velocity with which an electro- 
magnetic disturbarce would be propagated 
through the medsum. If this should be equal to 
the velocity of hght we should have strong 
reason to believe that the two media, occupy- 
ing as they do the same space, are really 
identical.” We now know that, as Hertz 
proved, the two velocities are equal. Again, 
Clerk-Maxwell goes on to recount a number of 
difficulties which lie in the way of the acceptance 
of “the undulatory theory, in the form which 
treats the phenomena of light as the motion of an 
elastic solid *’ We cannot do better than quote 
his own words : 

“The first and most important of these 
(difficulties) is that the theory indicates the 
possibility of undulations consisting of vibrations 
normal] to the surface of the wave. The only 
way of accounting for the fact that the optical 
phenomena which would arise from these waves 
do not take place 15 to assume that the ether is 
incompressible. 

‘The next is that, whereas the phenomena of 
reflection are best explained on the hypothesis 
that the vibrations are perpendicular to the 
plane of polarisation, those of double refraction 
require us to assume that the vibrations are in 
that plane. 

“The third is that, in order to account for the 
fact that in a doubly refracting crystal the 
velocity of rays in any principal plane and 
polarised in that plane is the same, we must 
assume certain highly artificial relations among 
the coefficients of elasticity. 

The electromagnetic theory of light satisfies 
all these requirements by the single hypothesis that 
the electric durplacement ts perpendicular to the 
plane of polarisatwn.”’ 

New Kinds of Radiation. We must 
now turn from this theory of light, which com- 
pletes, perhaps, u magnificent train of optical 
discoveries made in this country from the time of 
Newton onwards, and must consider one or two 
kinds of radiation, the very existence of which 
was unsuspected until recent times. Of these, by 
far the most important are the Rontgen raye, 
which have proved themselves to be of such very 
great practical importance. But ir. the first place 
we may address ourselves to the so-called N-rays 
which are sometimes named after their dis- 


coverer, M. Blondlot, of the University of Nancy, 
in France. 

- Did M. Blondlot See the Ne-erays ? 
Let us begin in the first place by noting that 
some measure of doubt still exists as to the 
objective actuality of these rays. M. Blondlot 
has a sound reputation as a physicist, and there 
is no suggestion of fraud in his assertions, but 
for some reason or other there has been very great 
difficulty on the part of other men of science in 
obtaining the results which M. Blondlot believes 
himself to have obtained M. Blondlot worked at 
the subject for three years before he made any 
announcement. A number of French physicists 
confirmed the discovery, and a continuous flood 
of papers on the subject poured into the Paris 
Academy of Sciences for some time. The 
N-ray» were promptly hailed as proof of “ tele- 
pathy,” and it war hoped that, since they are 
said to b+ specially emitted by active nervous 
tissue, they might be utilised in medicine 
The Blondlot ray: are sad to pass through 
aluminium or black paper, and, according to 
these observers, can be focused by an alu- 
minium lens just as rays of ordinary light 
can b> focused by @ glass lens They seom 
to be emitted by almost all kinds of matter 
—and ceaselessly so. Professor Charpentier, 
of the Chan of Physiology at Nancy, declares 
that these rays are given out in special degree 
by living muscle and nerve. According to him 
it 1s possible, by using means to identify these 
rays, to trace the course of relatively superficial 
nerves in the forearm, such as the median nerve ; 
and it is found that the amount of radiation 
increases when the nerve 1s at work 

‘*Spectral”’’ Rays. Jt would evidently be 
hasty, however, to assume at once that the div- 
covery of these ray» establishes an epoch in the 
study of telepathy, because there 38 no essential 
distinction between these supposed Blondlot rays 
and the rays of radiant heat which are also 
emitted by nervous tissuc. The N-rayn are 
said to include at Jeast four sets of rays of 
slightly difterent proportics, just as the octave 
of visible light includes many diflerent colours. 
They are definitely asserted to be spectral rays 
-- that 1» to say, to he in the cthercal keyboard, 
and not to be, in reality, material like the s0- 
called alpha ray» of radium. It is asserted that 
they can be reflected, refracted and polarised 
jut lke ordinary light, and that their wave 
length 15 measurable. 

It was next shown, according to the French 
observers, that under certain other conditions 
a closely allied set of rays could be discovered, 
and these are known as the N,-rays. And it 
seems to have been shown that, in the first place, 
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nervous structures exceed all other substances, 
organic or inorganic, in their emission of the N 
and the N,-rays; and, secondly, that the appli- 
cation of anssthetics arrests the production of 
both by nervous tissue. It was at this atage in 
the history of the subject that the Paris Academy 
of Sciences, a body comparable in dignity and 
knowledge to our own Royal Society, awarded 
to M. Blondlot the Le Comte prize of 50,000 
francs for the most interosting work in physical 
foience (July, 1904). 

Are the N-rays a Myth? A few months 
later the editor of the ‘‘Revue Scientifique” 
instituted an inquiry into the subject. He 
addressed questions to all the leading physicists 
in France, including such men as Becquerel, 
Berthelot, Moissan, d’Arsonval, and Professor 
Curie, whose recent death is to be deplored by 
all students of science. Now, if there is anything 
quite certain it is that no scientific question nor 
any other matter of truth or falsehood can be 
settled by a counting of heads. But, neverthe- 
less, the opinions of men such as these are worth 
noting. The inquiry was well timed, for the 
question had become acute. A well-known Anglo- 
Saxon physicist had visited the laboratory at 
Nancy and could see nothing. He wrote a letter 
to “Nature” saying so. Also the subject was 
discussed during an entire sitting of a section of 
the British Association in 1904, and the general 
Opinion arrived at was that the N-rays are 


&® myth. 

The result of this notable inquiry was most 
interesting, and may be typified by the trans- 
lation of parts of two consecutive answers. 
M. Poincaré said: “I have made researches 
which have not given me results”; and M. 
@’Arsonval said: “I have made some trials 
which have perfectly succeeded ” 

Can We Believe Our Own Eyea? Of 
course, such differences of opinion as these give 
the enemies of science occasion to blaspheme. 
They say that if scientific methods are worth 
what they are said to be worth they should be 
able to solve such a simple question as this ; 
but, as the present writer has pointed out else- 
where, “no matter is simple that involves 
anything so infinitely complex as human vision.” 
M. Poincaré, for instance, goes on to say that he 
has a spasm of accommodation (that he is 
unable to relax the internal muscles of the eye, 
so as to focus it for distant objects) ; and it is 
asserted that one cannot observe these pheno- 
mena unless the accommodation be relaxed. 
This argument will appear quite reasonable to 
anyone who has tried to look into the interior 
of an eye with the ophthalmoscope, when it is 
essential for success (by the direct method) that 
the accommodation be relaxed, as if one were 
gazing at the horizon, though one is really 
trying to see an object not two inches distant. 
Then, again, it is perfectly well known, in the 
case of the sense of hearing, that different 
people have different capacities. Some can hear 
the shrill cry of a bat, while others cannot. 
Without doubt, the same is true of the visual 
sense. There may be very few eyes that happen 
to be capable of seeing these phenomena. 
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Sources of Fallacy. But this is 
no means all. It is notorious that when ex- 
abana are repeated under what purport to 

e the original conditions, but without producing 
the original result, it is often found that the 
conditions have not really been similar. If the 
one experiment has been made in a room whose 
temperature was 60° F., while the other was 
five degrees warmer, the discrepancy may be 
accounted for. Frequently the discovery that 
such minute conditions are potent has led to 
important results. Then, again, if we assume 
that the N-rays have no objective existence, but 
are simply due to peculiar happenings in the 
eyeball of the observer, we have not yet 
explained why some observers obtain the results 
and others do not. Does not this immediately 
show that eyes vary ?—which is what those who 
believe in the rays very properly assert. 

There remains bad faith, which can be ex- 
cluded in this case, and the influence of what 
the psychologists call suggestion. It may be that, 
especially perhaps in people with a French 
temperament, those who sec the rays are those 
who believe most strongly in M. Blondlot’s 
ability, and conversely. 

From just about the time that the ‘Revue 
Scientifique’’ published the result of its inquiry, 
the flow of popes on this subject to the Paris 
Academy of Sciences ceased; and for a very 
considerable time practically nothing whatever 
was heard of the N-rays. 

Evidently it is the photographic camera that 
should settle this question, once and for all, as it 
has indeed settled the parallel question of the 
canals of Mars. And quite recently, when many 
had almost forgotten all about the N-rays, they 
‘turned up again.” Photographic evidence was 
brought forward. The N-rays do not directly 
affect a photographic plate, any more than they 
directly affect the eye. The question all along 
has been whether the production of these rays 
really affects other luminous bodies, altering their 
brightness in the fashion which, as M. Blondlot 
asserts, can be readily seen by the eye. 

Have the Rays Been Photographed ? 
It now appears that the observers at Nancy 
have succeeded in photographing the result of 
the production of N-rays under certain con- 
ditions. Nevertheless, this question seems to 
bo still destined for the production of doubt, and 
highly competent observers are now to be heard 
saying that when they repeat in every particular 
—apparently—the Nancy conditions, they do not 
obtain the photographic results which were there 
obtained. Hence it is impossible even yet to say 
for certain whether or not the N-rays are a 
reality. On the whole, perhaps, recognising the 
superior value of well-attested positive evidence, 
as against equally well-attested negative evi- 
dence, and remembering also that there is no 
inherent improbability, but rather the utmost 
probability, in the asserted existence of these 
rays, we may tentatively incline to the view 
that their objective reality will shortly be 
demonstrated. It would surely seom incredible 
that the present gaps in the ethereal keyboard, 
as we know it, correspond to actual gaps in 
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Nature ; nowhere will there be found a physicist 
to doubt that from the longest electric waves— 
—perhaps half a mile in length—up to the 
Rontgen rays, the length of which must be mea- 
sured in millionths of an inch, there is perfect 
continuity. The assertion of M. Blondlot is no 
more than that he has discovered the means 
of production, and has detected the consequences, 
of certain of the rays, as to the necessity of the 
existence of which we all agree. 

The Interpretation of Nature. ‘‘ Man,” 
said Bacon, ‘‘is the servant and interpreter of 
Nature,” and Science, properly so-called, is not 
observation or experiment or calculation, but 
interpretation. The greatest of the names which 
have been mentioned hitherto in this course, 
and the greatest names in all the sciences, are 
not, after all, necessarily the names of the 
greatest observers or the most ingenious and 
patient experimenters ; they are the names-of 
the interpreters. The main principles on which 
we act, according to Bacon, in attempting the 
interpretation of Nature, are discussed in another 
course. But this present controversy about the 
N-rays affords a particularly instructive instance 
of the actual difficulties that may beset us. 

In interpreting the facts, or alleged facts 
before us, we may be tempted in this case, as wo 
are tempted, indeed, at all times, to assume that 
the explanation must be either A or B, or perhaps 
Aor Bor C. We then proceed to exclude each 
of these factors in turn until, having success- 
fully exchided A und B, perhaps we can rest 
content in the belief that C is the true explana- 
tion. Now, the process of exclusion is an ubso- 
lutely valid and efficient one if our assumptions 
are sound, but it leads to the most unfortunate 
consequences if they are unsound. The oom- 
monest defect of such assumptions is the omission 
of possibilities. For instance, if there be a fourth 

ossibility, D, which we ignore, our inference 

m the exclusion of A and B—viz., the inference 
that C is the correct explanation—plainly ceases 
to be valid. 

The Posaible Explanation of the 
Mystery. Now let us apply this to the 
present case. The more we think about it, the 
greater is the number of possibilities which we 
discover. It has been the particular endeavour 
of the writer to enumerate as many possibilities 
as he can, but he has no doubt whatever that 
there may be others—perhaps many others— 
which he has not recognised. Either (1) the 

enomena asserted to have been seen by M. 

londlot have an objective existence ; or (2) 
they have not. First, considering the latter 
possibility, we find a number of possible explana- 
tions of M. Blondlot’s assertions: (1) That he is 
self-deceived ; (2) that he is consciously dis- 
honest ; (3) that he and his fellow-workers are 
the victims of mutual suggestion ; (4) that the 
eyes of M. Blondlot and those who have seen 
‘hese phenomena differ in some specific way from 
the eyes of those who have failed to see them. 

On the other hand, various possibilities may 
be assigned on the assumption that the N-rays 
have an objective existence: (1) That those who 


have denied their existence are dishonest ; (2) 
that they are self-deceived ; (3) that, in various 
attempts to confirm M. Blondlot’s results, all the 
conditions have not been reproduced, even 
though all that he himself names have been repro- 
duced. There may be other conditions which he 
himself has not recognised, but which are present 
in his experiments, are necessary for the produc- 
tion of the N-rays, and, as it happens, are not 
present when proof of the existence of these rays 
is sought for elsewhere than at Nancy. 

We would appear to have completely exhausted, 
or more than exhausted, all the possibilities 
which have to be reckoned with if this problem 
is to be solved by the “ method of exclusion ” 
Yet there actually remains a Psat which 
many will have forgotten, and which is not in- 
cluded in either of the two simple propositions 
with which we began. Perhaps it is quite possible 
that the N-rays have not an objective existence 
in the sense in which we have used the words, 
and yet that they have an objective existence. 
Nothing could appear fairer or more final than 
the simple alternative with which we started, 
and yet it was false, for it totally omitted to 
recognise the possibility that the so-called N-rays 
may be none other than the manner in which cer- 
tain persons under certain conditions can appre- 
ciate some internsl phenomenon of the retina 
Is such a phenomenon objective or subjective ? 
The student of psychology cannot fail to answer 
that it 1s really objective, but then he has looked 
rather more deeply than most of us into the 

ae meaning and use of those adjectives. 

uch vision is now known as enfoptic vision— 
that is, vision of what is within the eye. 

Professor Réntgen and the Rontgen 
Rays. The remarkable Réntgen rays which 
we are about lo study are very frequentl 
known as X-rays, this being the name whieh 
was given them by their discoverer, obviously 
with the intention of indicating their unknown 
character. But in the last decade physical 
science has moved by tremendous strides, and 
the nature of these rays is no longer unknown 
There are sufficient phenomena in Nature indeed 
to which the term X may well be applied, and it 
is surely a pity that we should not now always 
use the name of the diacoverer to indicate these 
remarkable manifestations of energy. 

Professor Conrad Wilhelm Réntgen made his 

t, if somewhat fortunate, discovery on 

ovember 8th, 1895. The date is really 8 
memorable one because of the amazing impetus 
which this discovery imparted to the progress 
of Pagar Profeasor Réntgen still flourishes, 
and was the subject of a celebration held in 
Berlin last year in honour of the completion 
of a decade since his first observation. He was 
undoubtedly fortunate in not being anticipated 
by Sir William Crookes, after whom the Crookes 


‘ or vacuum tube is named, for these tubes had 


actually been in general use, mainly for pur- 
of demonstration, for considerably more 
than twenty years before 1895. Dr. Hertz also, 
to whom we have already referred, had all but 
completed the observation of these new rays. 
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Painting in Flanders and Holland. 


The Van Eycks. Rubens and Rembrandt 





By P. G. KONODY 


Renaissance Blending with Gothic. 
Just as the Gothic style, born in the 
North, found the Italians reluctant to accept 
its tenets. so Renaissance architecture could 
only slowly force itself upon the Northern 
nations. In France and in Germany the new 
forms made their appearance comparatively 
late in the sixteenth century, and to a great 
extent lost their original purity through com- 
bination with Gothic motifs. The church of 
St. Eustache (A.D. 1532), in Paris. illustrates the 
blending of the two styles, and such French 
private buildings as the castles of Chenonceau 
and Chambord show the picturesque combina- 
tion of Renaissance motifs with Gothic turrets 
and slanting roofs. One of the most graceful 
structures of the Renaissance in France is the 
famous winding staircase at Blois, which a 
recent critic has tried to prove to be designed 
by Lionardo da Vinci |see pages 3244-5] The 
Louvre. the Luxembourg, the Panthéon, and 
the Dome des Invalides in Paris, are notable 
examples of the French Renaissance. In 
Germany the castle of Heidelberg (a.p. 1545) 
is a remarkable instance of the blending of 
Classic decoration with Gothic sentiment. But 
in both countries the new style did not achieve 
complete victory before the seventeenth century, 
when its severe beauty had given way to the 
flamboyancy of the Baroque. 

In England, the introduction of the Renaissance 
style 1s due to Italians, such as Torrigiano, 





the designer of Henry VII.’s tomb in West- 
minster Abbey, John of Padua, Giovanni da 
Majano, and Rovezzano. 
Elizabethan Work. The Elizabethan 
style, ‘an attempt on the part of the English 
to translate Italian ideas into their own vernacu- 
lar,” was chiefly employed for richly-decorated 
private mansions and dwellings, of which we 
need only mention Longford Castle, built by 
John Thorpe; Knole, Kirby, and Penshurst. 
In the Jacobean period the Renaissance character 
became more pronounced, especially in the use 
of columns and entablatures. Holland House 
and Hatfield House may be quoted as notable 
examples. But Elizabethan and Jacobean 
buildings on the whole only form a transition 
from the Gothic to the pure Renaissance style, 
which appeared, with Inigo Jones, in the 
seventeenth century. This master’s great build- 
ings, such as the Banqueting Hall, Whitehall, 
and the Duke of Devonshire’s villa at Chiswick, 
prove him a student and follower of Palladio. 
Inigo Jones was followed by Sir Christopher 
Wren, the builder of St. Paul’s and several 
other beautiful churches. He died in 1723. 
Northern Renaissance Sculpture. 
The progress of sculpture in Northern Europe 
cannot be followed as easily as in Italy. 
for in spite of the colossal output of artistic 
work in France, Germany, and the Netherlands 
there is a lack of brilliant individualities which 
stand forth as landmarks of the progressive 
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77. THE CENTRAL PORTION OF “‘THE ADORATION OF THE LAMB,” BY HUBERT AND JAN VAN EYCK 


(Church of 8t, Bavon, Ghent) 
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stages of development. Local 
schools there were in vast num- | 
bers, and thronghout these countries | 
the same tendency is to be noted ; 
but few, indeed, are the men 
whose names have been handed 
down through the ages as creators 
of masterpieces. Love of carefully- 
studied detail, clear rendering of 
facial expression, close adherence 
to nature, and delight in ren- 
dering the various textures are 
the chief characteristics of 
Northern Renaissance soulpture, 
which could never rival the 
triumphs of Italy, partly owing 
to the lack of classic examples, 
partly to the absence of the suit- 
able material—the marble of 
which the Italians had an abun- 
dant supply. 

Woodsecarving in Germany. 
During the fifteenth century the 
art of wood-carving reached an 
extraordinary degree of perfection 
in Germany. The tendency of the 
carved wood statues and altars 
with many figures in high relief, 
was distinctly pictorial, especially 
in the restless arrangement of the 
draperies ; and painting and gild- 
ing were frequently resorted to 
to enhance the effect. Nuremberg 
at that time became the chief 
centre of German arts and crafts. 
It is almost essential to visit this 
quaint old-world city to form an 
adequate idea of the art of this 
period, for it harbours the chief 
works of such masters as Veit 
Stoss, the wood-carver; Adam 
Krafft, the stone-sculptor ; and Peter Vischer, 
the bronze-worker, who is the author of the 
famous figure of King Arthur in the “ Hof- 
kirche ” at Innsbruck. 

Sculpture in France and Eng: 
land. In France the chief works of sculpture 
produced between the Gothic period and the 
triumph of the Italian influence of the masters 
summoned by Francis I. to Fontainebleau, are 
to be found among the monumental tombs at 
Dijon, Amiens, Rouen, St. Denis, and Bourges. 
Then Primaticcio and Rosso started the Jtahan- 
ising school of Fontainebleau which produced 
sculptors like Jean Goujon and Germain Pilon. 
The naive realism of the earlier sculptors had 
now given way to an elegant and sometimes 
mannered style, the chief aim of which was 
decorative effect. The reliefs of the Fontaine 
des Innocents, at the Louvre, in Paris, represent 
Goujon at his best ; whilst Pilon’s Three Graces, 
likewise at the Louvre, illustrate this master’s 
exaggerated elegance. What little indigenous 
style there wa in English egg oak was stifled 
by Torrigiano, Benedetto da Rovezzano, and 
other Italians called to England ia Tudor days. 

The rise of pictorial art in the North coincides 
with the invention of oil as a medium for painting 
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78. ‘“THE DESCENT FROM THE CROSS, BY RUBENS 


(Antwerp Cathedral) 


by the brothers Jan and Hubert Van Eyck, at 
the end of the seventeenth century. And 
curiously enough, Flemish painting, at its very 
beginning, appears at a st of development 
which Italy had only reached by slow and 
gradual steps. The Van Eycks are great 
masters, not only by comparison with those 
that went before, but even if measured by those 
that followed them. We have already seen how 
the conditions imposed by the Gothic architec- 
tural system limited the painter's activity to 
smal) panel pictures, so that his attention was 
fixed on the elaboration of minute detail, instead 
of monumental massing of line of form, and on 
soulful expression instead of stateliness of pose. 

Oil Painting in Flanders. The new 
school arose in Flanders—the Belgium of to-day 
—which was then one of the chief commercial 
and industrial centres of the world The 
brilliant pageants of the Flemish cities with 
their constant coming and going of wealthy 
traders from every part of the world, must hgve 
been a powerful stimulant to the local painters, 
who had ample opportunities of feasting their 
eyes on colour, and studying the types and 
costumes of the seething international crowds 
that filled the streets and markets. 
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The Van Eycks. Hubert Van Hyck 
‘was born about a.p. 1366, and worked prin- 
cipally at Bruges and Ghent. The subject 
matter and i fae rin of his paintings are 
still quite mediwval, but the actual incidents, 
costumes and types, architecture and landscape, 
are lovingly and faithfully copied from the 
scenes which he had daily before his eyes, and 
set down with painstaking precision, which was 
only surpassed in minuteness by the work of his 
brother Jan. The “ Adoration of the Lamb” [77] 
is their chief work. Rogier van der Weyden, 
born in a.p. 1400, was a little less literal in 
his transcripts of nature, and more emotional 
in expression. Hans Memlinc, a Bruges painter 
of German origin, born about 1430, is the most 
lovable painter of a school which too frequently 
delighted in the realistic representation of scenes 
of tortures and other horrors. In him the 
realistic tendency of the school finds expression 
in the wonderful rendering of landscape and 
accessories, but he was an artist full of tender 
feeling and poetry, with a rare sense of feminine 


purity and _ inno- 
cent grace. Gerard 
David, who was 


born about 20 years 
later and worked at 
Bruges at the end 
of ‘the century, was 
much influenced by 
Menlinc, and is dis- 
tinguished by a 
glowing sense of 
colour and beauti- 
ful line. Quentin 
Matsys, born 1460, 
practised portraiture 
and genre, besides 








he expressed with bold, sweeping strokes of 
luminous paint the roundness of form, the tex- 
ture of the skin, and the very blood coursing 
undor the skin, irresistibly compels one’s admira- 
tion. The passionate movement, the vigour 
and verve of his work, seem to exclude the possi- 
bility of a deliberately calculated design, and 
yet the noble disposition of his figures, the effec- 
tive massing of light and shade are as “‘ scientific” 
as the movement and sensuous colour are 
instinctive. Rubens was the most worldly of all 
painters, yet he could treat a religious subject with 
& reverent spirit [78]. He was equally great in 
portraiture, ix. genre, in landscape, and in animal 
painting But it should be remembered that 
in accordance with the custom of the period, he 
had a horde of assistants working under him, 
and many of the inferior pictures that pass under 
his name owe to him merely their conception, 
while the execution is entirely due to his pupils. 
Van Dyck. Much the same remark applies 
to the greatest of his pupils, Van Dyck (a.p. 
1599-1641), who, as Court painter to Charles L., 
exercised so potent 
an influence on 
English art that 
he may rightly be 
considered the real 
founder of the great 
English school of 
portraiture. Indeed, 
many of the paint- 
ings turned out 
from his studio at 
Blackfriars during 
his English period 
are the work of his 
numerous assistants, 
save for the first 


religious art, and sketch and the 
marks a decided finishing touches. 
advance in expres- ea Van Dyck, too, 
ee. ye 79. ‘THE DELIVERANCE OF ST. PETER, == M/eusel? alate = : Italy. 
n 1532 d BY TENIERS THE YOUNGER his lik hy ; 
_ H wate hi en (From the Wallace Collection. London) sane i R ae bs 
mo e 1 8 bod hay, i ‘5 

temporary, Raphael’s pupil, Bernard van Orley, fell under the spell of the Venetians. An accom- 


the Italian influence begins to filter through the 
Jocal tradition, and in the case of the latter is to be 
detected in a more ample sense of design and a 
departure from the severe exactitude of the earlier 
masters. But what had been the result, in Italy, 
of centuries of slow development, could not be 
transplanted in its mature form to foreign soil, 
and became mere mannerism with the later 
Flemings, until a new era of superb artistry 
dawned with the advent of the great Rubens. 
Rubens. Rubens (a.p. 1577-1640), too, had 
drunk at the same source of Italian art, and his 
early work in particular evinces his love of 
Venetian colour, but he brought into his painting 
a strong, virile, and altogether personal tempera- 
ment that could never have been content with 
mannered imitation. <A colourist of tremendous 
power, Rubens excelled above all in the painting 
of flesh, in which he stands unrivalled to this 
day. One may be repelled by the coarse, flesh 
type of his women, but the mastery with whic 


3948 


plished courtier and man of the world, he became 
the favourite of society in his native country, as 
in Genoa and in England His pictures are a 
perfect mirror of the English aristocracy of his 
day, reflecting their taste and distinction and 
effeminate elegance. Asa colourist, he was more 
subtle and refined, if less vigorous, than Rubens, 

The coarser side of Rubens’s art attracted 
Jacob Jordaens, whose lack of refinement is 
scarcely atoned for by his great technical skill 
and good humour. Franz Snyders (a.D 1579-1657) 
was a brilliant animal painter, whilst Jan Fyt 
and Jan Weenix excelled in still life, generally 
of dead game. Melchior Hondekocter devoted 
himself almost exclusively to the bird life of the 
farmyard. All these masters were great 
colourists, and stand supreme, ea@h in the narrow 
range he imposed on his art. 

Growing Popularity of Art. The 
earliest Dutch painters, among whom Dierick 
Bouts and Lucas van Leyden are the most 


“prominent, were almost completely dominated 
a the genius of the Van Eycks and the other 
Fiemings. In fact, in their early stages, 

the two schools can scarcely be cansidered 
separately. Then came the Reformation and the 
War of Independence, which resulted, in 1648, in 
the final shaking off of the Spanish yoke. Tho 
long period of warfare and bloodshed was not 
favourable to extensive art production, but when 
Protestant Holland issued victorious, a great 
period of art commenced—of art led into new 
channels, since Protestantism looked askance 
at religious painting, and preferred bare, white- 
washed walls in the churches to an imagery of 
glowing colour. On the other hand, a demand 
for art arose in the civic community. The well- 
to-do citizens enlisted art for the adornment of 
their living rooms, and the subjects favoured 
were no_ longer, 
as may well be 
imagined, flagella- 
tions and = cruci- 
fixions, and images 
of the Virgin and 


saints, but  por- | 
traits, landscapes, 
genre scenes de- 


picting the daily 
life of the burghers 
and peasants, and, 
for the guild halls 
and other official 
buildings, large por- 
trait groups of pro- 
minent burghers. 
Pictures in the 
Dutch Home. 
Of idealism and 
ideology, there is 
little or nothiag in 
Dutch art which f 
is entirely based 
on love of nature 
and on the keen § 
appreciation of the } 
value of pigment. 
The rich quahty of 
the paint, the sub- | 
tlety with which | te 
the play of light 80. 
and shade on ob- 
jects and textures 
1s observed—these were the chief points that 
appealed to the Dutchmen. These hittle genre 
acenes—interiors of burghers’ houses, with ladies 
before a mirror, or occupied with books or 
musical instruments; or tavern scenes de- 
picting the life of the humbler classcs—are 
never of anecdotal or literary character; they 
are just glimpses of real life stated in terms 
of ornamental craftsmanship. Of this nature 
are the precious gemlike pieces of Terburg, 
Vermeer van Deft, Metzu, Jan Steen, Mieris, 
Gerard Dow, and, in Flanders, of the Teniers, 
who had more in common with the Dutch “ small 
masters,’ than with the Fliemings. Fig. 79 » an 
example by the younger Teniers. 
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Frane Hals. But the seventeenth cen- 
tury small masters were preceded by a few men 
who must rank among the very giants in the - 
realm of painting. Rombrandt is ono, and by 
no means the least brillant, of the great triplo 
constellation that stands out from the firmament 
of art, the compcer of Velasquez and Titian. 
Before him, Frans Hais (a.p. 1584-1666) had 
achieved the greatest triumphs in hold, daring 
saab painting. For sheer bravura and dashing 

rushwork and brillant charactermsation, Hals 
has probably never been equalled, and his largo 
“Doelen”’ groups at Haarlem are an_ inex- 
haustible source of delight to all who can appre- 
ciate masterly brushwork. Then, Van der Helst 
(4.D. 1613-1670) may be taken as the most capablo 
of the numerous socrious portrait pamters who 
recorded with faultless conscientiousness im 
& somewhat tight 
manner the _ feca- 
tures of civic dig- 
nitaries and thoir 
buxom housewives. 

Rembrandt 
the Revealer. 
But with Rem- 
brandt (a.p. 1606- 
1669), all hardness, 
one might almost 
say all linear design, 
was abandoned, and 
4} everything that the 
| artist’s eye could 
yec, or his brain 
conceive, expressed 
in terms of soft 
lights and shadows 
and golden, hquid 
half-shadows. 
| Everything is given 
plastic form through 
the play of hight on 
the surfaces which 
are seen through 
the surrounding at- 
mosphere [80} In 
his golden illumina- 
tion and forced con- 
trasts, Rembrandt 
is, perhaps, not al- 
ways strictly true 
to nature, but he 
has the power to make us feel that, if such 
conditions of ght were possible, faces and 
objects would appear just as he has set 
them down {see “The Night Watch,” repro- 
duced on page 724]. Rembrandt 1s the anti- 
thesis to the Italhans of the Renaissance, who 
were ever striving for beauty. With him 
character is everything, but the mastery of his 
brush and his sympathetic insight into the very 
soul of hw sitters give beauty even to subjecta 
repellent in themselves. Apart from his paint- 
ings, Rembrandt’s etchings alone would entitlo 
him to one of the most exalted positions among 
the world’s great artists. As a master of the 
burin he has never been approached. 


BY REMBRANDT 
(The Louvre, Parts) 
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By J. CUTHBERT HADDEN 


"THE harmonium, in common with several] other 

instruments, traces its origin to the invention 
—speaking more correctly, to the revival—of 
the free reed. The free reed is so ancient that 
they say it was employed for musical purposes 
in the time of Confucius. At any rate, its 
revival in Europe dates only from the begin- 
ing of the nineteenth century; and the har- 
monium was the instrument in which it was 
most effectively revived. The sounds of the 
instrument are produced entirely by these reeds 
—thin tongues of metal set in motion by currents 
of air from the wind-chest: called reeds because 
they correspond in principle with the shepherd’s 
pipe; free reeds, because the tongue moves 
freely in the orifice of the frame, thus differing 
from those of the organ, which strike against the 
frame at each pulsation, and are termed beating 
reeds. 

The Youngest Keyboard Instru- 
ment. If we except the American organ, the 
harmonium is the youngest of all keyboard 
instruments. Though it had several tentative 
predecessors, it may be fairly said to have been 
invented and first brought out by M. Alexander 
Debain, of Paris, whose patent was dated August 
1840. Since then it has been successfully 
improved by various makers, mostly French, 
until, in the best specimens of its class, we have 
now an instrument of the utmost possible per- 
fection. Its capabilities are considerable. For 
accompanying voices, for church and domestic 
purposes, for solo work, for duet playing with 
other instruments, such as the piano, it is in- 
valuable. The varicty of beautiful effects and 
the delicate shades of tone-colour which may be 
produced on a good and fairly large instrument 
not even the organ itself can excel. 

By the use of the Expression stop, for example, 
the harmoniumist gains a power of increase and 
decrease of sound almost equal to that which the 
violoncello player secures by means of his bow. 
The harmonium is often regarded as a long- 
suffering, unpopular instrument. This is really 
because there are so few who are capable of 
handling it to acvantage. The pianist is 
je tame to be able to play it without any special 
study ; the organist, too, as a matter of course. 
Here is the cardinal mistake. The harmonium 
must be studied by and for itself. 

The American Organ. It will be 
seen that we have bracketed the American 
organ with it. Rightly so, for the keyboards 
of both instruments are practically identical, 
and the method of playing both is entirely 
identical. It is only in their internal con- 
struction and in the quality of tone produced 
that the two instruments differ. In the har- 
monium the wind is forced through the reeds, 
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while in the American organ it is drawn in. It 
is this that accounts for the more delicate tone 
of the American organ as compared with that of 
the harmonium; which instrument, however, 
has more character and greater distinctiveness, 
besides being more quickly responsive to the 
finger of the player. For solo purposes the 
American organ is of great use, the stops in the 
right hand being well suited for giving promi- 
nence to a melody, while in good instruments 
the left-hand side always furnishes one or more 
soft stops for accompaniment. About the tone, 
as a whole, there is a more general approximation 
to that of the church organ than in the case of 
the harmonium. It is therefore more peculiarly 
adapted for sacred music, and perhaps also for 
chamber or domestic use. 

But the harmonium has much more “ carry- 
ing’ power, and is thus specially suitable for 
conditions to which the American organ cannot 
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_ be so well applied. As one of its advocates has 


put it: ‘Where a large number of voices are to 
be accompanied, or where power and marked 
delivery are called for, in church, concert, or 
school work, the harmonium, not to speak of its 
supcrior hardiness, possesses immense advan- 
tages over the American organ.” It is, then, the 
harmonium that we deal with specially in these 
lessons, which, however, so far as playing is 
concerned, are equally applicable to both 
instruments. When points of difference arise 
as regards the treatment of the individual instru- 
ments, they will be carefully explained. 
Buying an Instrument. Perhaps, 
before going further, a word or two should be 
said about the purchase of an instrument. Small 
harmoniums and American organs can be had 
for £5. Many (not all) of these are quite good 
enough for the learner's purpose. Larger- 
priced instruments simply mean more stops ; 
which, again. mean on'y more variety of tone. 
To the learner, variety of tone is not essential— 
he does not know how to use it to advantage— 
and, if money is a consideration, he need not 
hesitate to buy an instrument at the price just 
named, provided it is by a maker of some 
standing. Naturally, we cannot advertise names 
here. We can only advise the student to go to 
a firm with a reputation for honourable dealing, 
state the price he is prepared to pay, and make 
his own selection from the instruments sub- 
mitted to him. Beware of ‘“ bargain” instru- 
ments advertised to be sold “at a sacrifice.” 
Large firms have always a number of second- 
hand instruments for sale—instruments that have 
been out on hire or taken in exchange—and a 
capital instrument, a genuine “ bargain,’ may 
often be got in this way for a comparatively 
small sum. Be sure, at any rate, that you 


seoure an instrument with a tone that pleases 
you, A harsh, unmusical chest of reeds will soon 
disgust you, besides having a deteriorating 
effect on your ear. Thus, on every ground, it 
is advisable to put yourself in the hands of a 
trustworthy expert with a reputation to sustain. 

The Mechaniem. Now we are ready to 
give our attention to euch of the mechanism of 
the harmonium as it is expedient for the student 
to be acquainted with before beginning actual 
work at the keyboard. We have spoken of the 
reeds, termed now more generally vibrators. 
Well, to every digital on the keyboard there is a 
separate vibrator, and a harmonium must always 
have at least one full row of vibrators. Instru- 
ments with six and seven sets of vibrators are 
common ; those with eight or more often have 
two keyboards. We shall learn further about 
this when we come to deal with the stops. 

The external mechanism may be said to be 
represented by the foot-pedals for blowing. By 
these the bellows are fed; they force the air 
through the wind-trunk into the wind-chest, 
from whence (1f the Expression stop is not drawn) 
it proceeds to the reservoir im an equa! and con- 
tinuous stream. When the Expression stop is 
drawn, all communication between the wind- 
chest and the reservoir 1s cut off, so that the air 
goes straight to the reeds. It 1s thus directly 
under the control of the player, whose least 
change of pressure upon the foot-pedals produces 
a hke change in the strength of the sounds. It 
is Important that the student should note this, 
for the Expression stop (more will be said about 
it) is the most difficult. piece of mechanism to 
sain in the harmonium, and an ill-regulated 
use of it may easily damage the instrument. 

The Stops. Under the head of mechanixnm 
we may fairly consider the various stops. We 
will take the harmonium alone here, for in this 
matter of stops the American organ differs. 
Makers, unfortunately, do not agree as to the 
nomenclature of every stop placed in their 
harmoniums. In most instruments, however, 
the first four stops on each side will be found to 
correspond. They are as follow: 

LEFT-HAND SIDE RIGHT-H4ND SIDE 


© Cor Anglas © Flute 


® Bourdon ® Clarinette or Clarionet 
© Clarion © Fifre or Fife 
© Bassoon ® Hautbois or Oboe 


The numbers, you observe, are repeated on both 
sides. Why? Because each stop goes only 
half way. Thus, if you draw a stop on the right- 
hand side without drawing anything on the left- 
hand side, you will get no sound below F at the 
middle of the keyboard. In reality, therefore, 
though you have on your instrument the eight 
stops enumerated above, you have only four 
separate kinds of sound. 

Division Stops. It may be asked why one 
stop should not be made complete—to run from 
end to end of the keyboard? Th. reason is 
that it is not always necessary or desirable to 
have the same kind of tone in both treble and 
bass. For instance, 4 melody may be played 


on the Hauébois, and accompanied with the left 
hand on the Cor Anglais; or a tune may be 
“ brought out” in the bass on the Bassoon, with 
a light right hand accompaniment on the Fiwée. 
This will be better understood when we come 
to speak of the combination and _ individual 
tone qualities of the stops. 

In addition to the sounding stops enumerated 
above—and others found in largo instrumentsa— 
there are usually six stops of 8 purely mechanical 
nature. One is the Hrpresston stop, alread 
mentioned. Another is the Grand Jeu, whic 
brings out the full power of the instrument at 
once—in fact, all the stops. Then there is the 
Sourdine, assigned to the bass part of the Flute 
stop. It regulates a contrivance whereby a 
smaller quantity of wind is supplied to the reeds, 
thus modifying the strength of the tone. The 
Tremolo, again, alternately opens and closes the 
wind-chest, thus producing the effect from which 
it takes its name. Finally, there are the two 
Fortes—one for cach side of the instrument— 
which simply increase the volume of sound by 
the opening of a sliding or revolving wooden 
shutter above the reed. Thus provided with 
mechanical stops, our original instrument, as 
above, mounts up to the imposing total of 
fourteen “ knobs.” 

American Organ Stops. Inthe American 
organ one or two of the harmonium stop 
names are repeated, but the names are, as 
a rule, peculiar to the instrument itself. In 
the harmonium the arrangement and naming 
of the stops are—as regards the first four 
on each side, at least—practically stereotyped. 
In the American organ, on the other hand, you 
can never be sure of what you have on any 
particular instrument till you examine it. The 
diversity is indeed so great, different makers using 
a nomenclature according to their own fancy, 
that any attempt at an ordered list of stops 
would be futile Generally speaking, however, 
the Melodia and the Itapason correspond to the 
Flute and the Cor Anglais of the harmonium ; 
the Flute and the Viola to the Fife and Clarion. 
That is to say, the first two give the standard 
pitch, making therefore the “ foundation ” tone, 
while the second two produce sounds an octave 
higher than the written notes. A stop called 
Sub-bass, providing reeds of 16 ft. tone—an octave 
lower than the written note—to the lowest octave 
of the instrument is frequently met with.: Take 
care in using it that all the notes of the bass are 
confined within its range. 

With mechanical stops and accessories all 
good American organs aro well supplied. Among 
the former are the two Fortes of the harmonium, 
but their use is restricted—the one on the right 
to the Diapason and Melodia stops ; that on tho 
left to the Veola and Flute. The octave coupler 
see ei every key with the reed an octave above 
or below; in some instruments only above, in 
others only below. The Vor Humana, a leadin 
feature of the instrument, controls a fan behin 
the soundboard ; the fan, being made to revolve 
rapidly by the pressure of wind, meets the waves 
of sound, and gives to them a pleasing vibrating 
quality much more delicate than that produced 
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by the Tremolo stop in the harmonium. Large 
instruments have, in addition, a Tremulant. 
Every instrument has at least one Knee Swell ; 
most instruments have two. That at the right 
of the player opens the swell when pressed 
towards the right; that at the left is usually a 
full organ “stop,” so that by pressing it to the 
left as far as it will go, all the speaking stops of 
the instrument, except the Votx Celeste, are made 
to sound. Both swells return, when allowed, 
by the force of a spring. 

Study of Keyboard. Now, after all 
this preliminary, we are ready to sit down at 
the instrument. As we do s0, let us look at the 
keyboard, so that we may know where to find any 
note a8 we may want it. 








53859489955 
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In the case of the American organ, the keyboard 
compass is also five octaves, but the instrument 
usually begins and ends with F. Instruments 
are, however, made with what is called the 
**C compass.” In any case, the order of the 
notes is, of course, the same, the “ blacks ”’ being 
in groups of twos and threes alternately, with 
the ‘ whites’ between. If the student does not 
already know the names of the keys, and cannot 
readily pick out any given note, he had better 
master that point at once. 

Position. All this time we have been 
sitting at the instrument. But something muat 
be said about that very process. It seems a 
simple enough matter to get scated in front of a 
harmonium, but it really is not. Nothing is 
more important to the harmoniumist than 
efficient blowing ; and in order to secure it—to 
secure control over the bellows—a good position 
at the instrument is casential. If the chair is 
too high, the blow-pedals cannot be depressed 
the whole way, and the player will run, besides, 
the risk of sliding off the seat. Again, if the 
chair is too Jow, the entire underpart of the feet 
will be thrown on the pedals, with the toes 
pointing up towards the knees. In this case 
you will find it difficult to exert any downward 
force upon the footboards, and will be gradually 

ushing your seat back. The chair, then, should 

e of a suitable height, and placed exacily in 
front of the middle of the keyboard. Keep 
the knees about an inch from the front of the 
case ; see that only the toes and ball of the foot 
are placed on the pedals—the heels being left 
free—and think of the act of pressing as forward» 
rather than downwards. 

The Blowing. Blowing is supposed to be 
quite an easy performance. It is by no means 
easy—that is, to blow so that a steady, continu- 
ous tone shall be produced. The student ought 
certainly to learn to blow first, before taking up 
keyboard work; and if he follows this advice 


he may as well learn to blow at once with the_ 


Expression stop, and thus overcome two diffi- 
culties at the same time. Let him draw, then, 
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the Expression stop and the stops marked (1) on 
each side. Press down one of the digitals near 
the middle of the ani beri say F', and begin 
blowing with the right foot only. When the 
pedal has reached its limit, the sound will cease. 
A similar result will follow the use of the left 
1. Obviously, if a continuous sound is to 
produced, one pedal must be depressed while 
the other is rising. Here the learner will find 
his chief difficulty. His primary efforts will 
almost certainly result in a series of jerky, 
spasmodic sounds; and there is nothing for it 
but to go on practising until the sound becomes 
even. Get the one sound (the F) even first ; 
then add the third above—namely, A—and be 
sure that you have the same good, steady tone. 
Add next the fourth ae the original 
F—namely, C—and listen carefully again. 
Finally, strike in with the octave below 
the starting note; and if, with all four 
notes sounding together, you are able to 
c’ command an even tone, you may go on 
to practise the following more elaborate 
exercise in blowing : 





Here the keys are, of course, to be pressed 
down in the order of the notes, the previous note 
always being retained when the other is added. 


_ Another chord, such as this, might be taken 


for the practice of crescendo and diminuendo: 


S———— —_— 
": oan 
—S=— Fs eal Gan 
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When these exercises van be done satisfactorily 
the student may assure himself that he has 
learnt to blow. One word of caution—beware 
of falling into the habit of blowing in time with 
the music. This is a serious, as well as a quite 
inexcusable, habit, for when the tempo is rapid 
the reeds will run the risk of being damaged 
by overblowing. Lastly in this connection, 
avoid all kinds of mannerisms at the keyboard. 
Try also to keep the body perfectly steady, 
without any swaying from side to side or 
backward and forward. 


Practice. In proceeding now to direct 
the practical studies of the pupil, it is necessary 
to mention at once certain books of exercises 
for his use. It is, of course, assumed that no 
pupil starts without knowing something of the 
theory of music, and without being able to 
“read” with fair facility from the stave. 
More than that we do not ask. Nevertheless, 
the writer of these lessons must recognise the 
fact that many who can already play the piano 
want to take up the study of the harmonium or 
American organ. 


Obviously, for such students, the course must 
be somewhat different from that to be laid down 
for the pupil who cannot play any keyboard 
instrument at all. The one will have to learn 
everything from the beginning ; the other will 
only have to learn to blow, to practise a new 
style of fingering, perhaps to cxercise himself 
a little more in reading four-part harmony, 
and generally to adapt himself to the peculiar 
conditions of the harmonium as an instrument 
of sustained sounds. 

For the student who can already play the 

iano, we recommend Mr. King Hall's “ The 

armonium,” in Novello’s series of music 

rimers. For the student beginning trom the 

ginning-—and he will receive, of course, our 
chief attention—especially the student who aims 
at, the practice and rendoring of church musiv, 
there is no better book than “ The Harmony 
Player for the Harmonium,” edited by John 
Curwen. [See note re exercises on page 3860. | 
This work is also casily adaptable to the Ameri- 
can organ, but if the student of that instrument 
can play a little already, he will probably prefer 
Dr. Stainer’s “ Tutor for the American Organ,” 
published by Messrs. Metzler. Direct reference 
to all these works will be made in the course 
of our lessons. Let it be added that each in some 
way supplements the other, so that the individual 
student, beginner or not, will find the interest 
of his work greatly increased by having all 
three at hand. 

Phrase Fingering. We will imagine, then, 
the beginner sitting down to a practical study 
of the “Harmony Player.” He must first 
understand something of the plan of the book. 
jt has two cssential features: (1) | new art of 
tingering (new so far as reducing it to a system 
is concerned) ; and (2) a study of the chords 
more commonly met with concurrently with their 
production by the fingers. Of late years an 
improved fingering has come into use in which 
the player looks forward and studies the range 
end other peculiarities of the harmonic phrase 
before him, and adapts his fingering to its 
needs. Experience shows that this plan is 
much superior to the elaborate system of scale 
fingering once s0 much in vogue; a system 
which, as a matter of fact, is totally foreign to 
the character of the music generally played by 
the harmoniumist. “ Phrase fingering,” then, 
a3 it has been appropriately termed, is the 
firat essential feature of the “‘ Harmony Player.” 

The second feature touches the fringes of 
theory in such a way as to make practice both 
easier and more interesting. An_ intelligent 
knowledge of chords and chord progressions which 
have to be played helps the fingers in a way 
which those who are entirely ignorant of harmony 
would scarcely believe. It helps the eye, too, 
in reading the notation, for certain harmonic 
combinations are so fixed in their progressions 
that the player can often dispense with a visual 
following out of the individual parts on the staves. 

Finger Exercise. We now want to get 
the hands a little into shape, and for that purpose 
select the following five-finger exercise. It looks 
absurdly simple, but remember that it is the 
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“ carriage” of the hand and the correct placing 
of the fingers upon the keys with which we are 
concerned just now. It will be understood that 
the upper line of fingering is for the right hand, 
the lower for the left, and that the x signifios 
the thumb. The left hand will, of course, ke 
played an octave lower than written. 


Apsy= peat 
ae 


e'e sfe 


oe 


Let us take the right hand first. Look at the 
plates in the ‘“ Harmony Player,” and copy the 
positions there shown. The thumb being placed 
above C, notice that all the fingors are exactly 
above the keys which they aro to depress. 
Whon not actually in use, there is a tendency to 
let the thumb hang off the finger-board. It 
should be kept persistently to its place, about 
half an inch on the digitals, otherwise, when it 
has to be used, there will be an awkward shifting 
forward of the whole hand. At the moment of 
striking the note D, the thumb must be raised 
and the second finger held in readiness for the 
note E. Each finger will thus, in turn, come to 
be used when we reach G, and the exercise should 
be repeated again and again, until the hand has 
assumed its proper position and the player feels 
that position to be natural and casy. Be careful 
to get an exact “ touch ”—that is, to strike the 
notes ina prompt and decisive manner, giving to 
each note its due length and nothing more or less. 
There must be no “ blurring” of one note into 
another ; nor, on the other hand, muat there be 
the least perceptible break between the sound 
of one note and another. Practise the two hands 
separately, aud when cach has gained its own 
facility, let them be combined. Continue thia 
exercise till the fingers move like sutomatons. 
Then transpose it into the key of G, and repeat 
the process. You may also try the keys of D 
and F, remembering that the third note of the 
former will be F%, and the fourth note of the 
latter BD. There may be at first a slight 
difficulty in placing the fingers evenly and firmly 
on the black digitals ; but that, too, is a thing to 
be mastered by persistent practice. 

When you have so far exhausted this pre 
liminary exercise, take the following five-finger 
exercise. practising first the right hand, then the 
left, and finally both hands together. Never 
attempt to combine the two hands until cach 
can do its own part easily. 


2 rH) 2 - 3 
~ 2 ————L. -. — Ka —4-——— i 
: rl 2 1— —-— 
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Yo 1 - -- 1 
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4 3 





Strengthening the Fingers. This exer- 
cise will be found valuable for strengthening 
the fingers. Some hands will require to practiss 
it more than others. It all depends upon what 
one’s hands have had to do in the business of life 
But do not get disheartened if the muscles are 
stiff. It is only a question of time and practice 
This second exercise may, if persevered in, cause 
at first a little pain, but that must be borne. Do 


3953 


not persist, however, in giving the hands more 
than they can do at any one time ; rather allow 
thom rest, and resume after a certain interval. 
Finger exercises are of the utmost value, and 
cannot be dispensed with by anyone who 
desires to become even a tolerable player. 
Merely practising the difficult passages which 
occur in classical compositions is not of itself 
sufficient ; and, indeed, without a previous 
course of finger-training such passages will 
often be found impossible of execution. When 
you have practised the above exercise for some 
time in the key of C, as written, transpose it into 
the keys of G, D, A, E and F, still preserving the 
same fingering as in the example. This will 
assist further in the “ handling ” of the black keys. 
Playing Separate Parts. You will 
have now gained a certain independent action 
of the hands, and will be ready to play 
separate parts in cach. For this purpose, 
turn to the “ Harmony Player,” and look at 
Ex. 8. You will see that the left hand has 
here a part of its own, consisting of the notes 
C and G, used alternately. Observe that in the 
second, fourth, tenth, and twelfth bars, two 
notes are played in the left hand while one is 
held on in the right. The fingering is not 
marked beyond the first bar, but, of course, as 
the compass is only © to G (five notes), in hoth 
hands, the five fingers occupy their original 
places. Ex. 10 is of a similar nature in key 
Gi. The left-hand part is, in fact, exactly the 
same as in Ex. 8, and the right-hand part has 
been given already in Ex. 9, which should 
be played over several times previously. Ex. 12 
is a further development of the separate 
action of the hands, a peculiar feature being 
four notes in the left hand against one note 
m the right. Notice that toward the end the 
left-hand part rises diatonically from (to G, while 
the right-hand part also moves. This is the first 
example of the kind, and will require careful 
practice. Do not Jeave this exercise until you 
can play it with freedom without looking at 
your hands. Then take the exercises as they 
follow in order, noting that in Ex. 16 the bass 
again rises a fifth by diatonic progression. 
Exerciser 17 and 18 will require careful study 
in the separate parts before combination is 
attempted. The difficulty arises from the hands 
being kept at a greater distance than they have 
been accustomed to in the previous exercises. 
In Ex. 19 note that the right hand has two beats 
of a rest while the left plays B and A. Be 
careful to lift the first finger of the right hand at 
the moment the A has received its duc portion 
of time. Jn Ex. 20 the same rest occurs in the 
treble part, which latter moves in a form known 
as sequence—that is, one phrase following the 
other on a definite plan at a higher or lower 
degree. Exercises 21 and 22 should be well 
practised ; they are for strengthening the third 
finger, which, being the least used in ordinary life, 
and also for a physical reason, is the weakest of 
the fingers. Schumann invented a little machine 
for “ bringing it right,” as he vainly supposed, and 
many players used to have its stiffening tendon 
cut. Better to get even with it by ordinary 


3854 


finger exercise, persistently and systematically 
pursued, 

New Keys. We are now supposed to have 
carefully worked through the first step of the 
“Harmony Player.” In this step the exercises 
have been written in only two keys—C and G, 
and there have never been more than two parts. 
The second step brings forward the keys of a D, 
and B?, and the exercises are in three parts. 
The first two (25 and 26) present the new diffi- 
culty in the most elementary way—that is, with 
2 considerable use of holding notes. Notice that 
at the end of the first section of Ex. 25 the right 
hand has a rest of two beats, while the left 
completes the bar. Be careful to have the 
second finger exactly above the E which begins 
the moving tenor at the beginning of the second 
section. Ex. 26 calls for no remark, unless to 
warn the player against leaving the G in the 
tenor part at the end of the first section. Hold 
it down firmly while the bass plays F, E, D, C, 
being ready at the moment the latter comes in 
with the E in the treble part. 

The next exercise is entirely for strengthening 
the fingers and adapting them to the neat 
execution of passages running in thirds in the 
same hand. It will show the learner more than 
anything he has yet tried how weak and atiff 
is the left hand compared with the right. That 
is only natural, of course, since in everyday life 
we give the left hand so little to do. To the 
player, however, both hands are of equal im- 
portance, and no trouble ought to be spared to 
make the left as supple and obedient as the 
right. This exercise will do something towards 
that end. Practise with the right hand first, being 
careful to press down both notes exactly at the 
same time. This even production of the two 
sounds and ultimate facility of execution at a 
rapid pace are the chief ends to be kept in view 
in working up the exercise. When the right 
hand begins to feel uncasy, take the left, trans- 
posing the exercise an octave lower. Presently 
the hands may be combined, and the exercise 
should be returned to daily for a considerable 
time. Do not over-fatigue the hands; stop 
immediately the slightest pain begins to be 
felt. If the student has a piano at hand he 
will find material benefit by alternating this 
exercise between the two keyboards. 

Fingering. Now look at Ex. 28. We 
have here a real “tune,” a well-known single 
chant of Tallis. Glancing at the right-hand 
parts, you will see at once that the compass is a 
fourth—from FZ to B—and can therefore be 
covered by the four fingers. Always remember 
that if a passage does net extend beyond five 
notes, the five fingers, or as many as may bo 
required, should be used in their natural position, 
one for each note. Placing, then, the fourth 
finger on the highest note, the first finger will 
fall upon FZ, and there will be no use for the 
thumb. From this exercise we deduce a rule 
which should be kept constantly in mind— 
Never use the thumb on a black digital unneces- 
sarily. If we had placed the third finger on the 
B in the melody, the thumb would have been 
thrown on the F%, which would have caused an 


awkward shifting forward of the hand not 
justified by the necessity. 

Ex. 29 1s so simple as to call for no remark. 
Exercises 30 and 31 present the first examples in 
the key of D. In the case of the first, the second 
finger of the right hand is placed on D to avoid 
having the thumb on C¥. Be particular to 
restrike the D in the second bar, otherwise it will 
sound as being the alto note in the former bar 
held on. In Ex. 31 a little discomfort may at 
first be felt from the hands being brought so 
near each other, and by the left having two 
moving parts of its own. After good practice 
with the hands separately, the discomfort will 
vanish. Ex. 32 is in six-pulse measure, and is 
played properly by counting two in the bar. 
In consideration of this novelty, the technical 
side of the exercise has been kept simple. The 
following exercise introduces the key of B”, 
in which two black digitals have again to be 
dealt with. Keeping in mind the rule about the 
unnecessary use of the thumb on a black key, 
the player will place the first finger on B?, the 
fourth finger will take E), and the thumb 
the A. The left-hand part being only a fifth 
in compass, will be played by the hand in its 
natural position. Keep the right hand well 
forward on the keyboard, otherwise when you 
come to use the short fourth finger on the EK? 
an uncomfortable forward movement of the 
hand will be necessitated. 

Ex. 34 has two parts in the left hand against 
one in the right. The compass of the latter, you 
will observe, is a fifth—C to G—and is covered, 
therefore, as before, by the fingers in original 
position. In the left hand see that the tenor 
moves neatly and exactly with the treble in 
the third bur. The upward progression of the 
left-hand part here, while the melody is stationary, 
has a pleasing effect, and should be artistically 
done Ex. 35 will be found very valuable for 
further strengthening the intractable third 
finger of the right hand, which is held firmly 
on the key while the first and second fingers move. 
One would think it very easy to keep a finger 
pressed down on a certain key while the other 
fingers shift about, but learners often find that 
the finger has left its key and wandered some wa 
out of its place. The moving part of the left 
hand in Ex. 35 is given to the right hand in Ex. 36 
and an under part added. There is no particular 
difficulty here, though some hands find FZ and 
C in the lower part a little awkward at first. 
Finally, to end this step, we have the moving 
parts of Exercises 35 and 36 “ varied,” first in the 
left hand and then in the right. 


Fourspart Score. We are now face to 
face with a harmony of four parts, the player 
having been led so far, first by a course of 
exercises in two parta, and then by a course 
in three parts. This reading in parts admittedly 
aah a difficulty with learners, and before going 
urther it will be well to give some advice with 
regard to it, and reading at sight generally. 

To avoid the inconvenience which would be 
experienced in reading from vocal score, only 
two staves are used, on the upper of which are 
written the treble and alto parts, on the lower 


the tenor and bass. For the sake of distinction 
the stems of the notos of the higher part on both 
staves are turned upwards, those of the lower 
part downwards. When two parts come into 
unison—that is, have the same note—the fact is 
expressed by writing the note with a single head 
and two stems; or if the note as used in the one 
part is of longer duration than the note as it 
occurs in the other, and if the difference between 
the two lengths is one which cannot be expressed 
by the stems only, the note is written twice, 
once for each part, and the two notes, which are 
placed beside each other, are written as one. This 
will be seen in the second bar of the following 
example, where a single head with two stems 
would not have sufficed, as it would then have 
been impossible to tel] whether a crotchet or a 
minim were intended : 





Occasionally a note which is sustained in one 
part is required to be used a second time as a note 
of the other part before it has properly come to an 
end. In that case the key must be pressed down 
again where required in the second part, and 
this repeated note is then held for the remainder 
of the value of the original sustained note. 





Written 
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Played 


6 Sa ST 
a 


The correct rendering of many hymn tunes and 
pieces often requires an inner part to be divided 
hetween the two hands, and it will frequently 
be found that neither of the hands is able to reach 
some note in the tenor or alto part as written. 

In the latter case it will do no harm to trans- 
pose the inaccessible note to the octave above or 
below, provided always that when so transposed 
it docs not become higher than the melody or 
lower than the bass. For instance, at (a) of 





the following illustration it would be impossible 
tu play the tenor pert as written : 





But when it has been raised an octave, as at 
(b), the fingers meet with no inconvenience, and 
the chord is then made complete. Theoretically, 
this method of bridging over the difficulty is 
incorrect, but it is the only one available. 

Continued 
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The Various Groups of Worms. 
Earthworm helps the Farmer. Worms and Pearls. An Industry Saved by Science 





THE INTEREST IN A WORM 


Their Characteristics and Structure. How the 


By Professor J. R. AINSWORTH DAVIS 


SEVERAL groups of the lower animals are 

collectively known as Worms ( V'ermes), a word 
which has a certain convenience, but is decidedly 
unscientific, for most of these groups are but 
remotely related. The more important of them 
are: (1) Ringed Worms (.Annelids) ; (2) Wheel- 
animaleules (Rotifers) ; (3) Siphon-worms (Ge- 
phyrea) ; (4) Moss-polypos (Polyzoa) ; (5) errs 
shells (Brachiopoda); (6) Round-worms (Ne- 
mathelmia): (7) Flat-worms (Platyhelmia) ; 
(8) Nemertine Worms (Nemertea). 

Ringed worms are elongated creatures in 
which the body is made up of a considerable 
number of rings or segments, most of which 
are, on the whole, much alike. There is often 
a well-marked head, but no distinct thorax 
and abdomen, as in an insect or crayfish. Two 
subdivisions are recognised: (a) Bristle-worms 
(Chaetopods), and (b) Leeches (Discophora). 

Worms of the Sea. Bristle-worms include 
a host of marine worms. together with some 
that live in fresh water, and also the carthworms. 
Their average characters are best understood by 
examining one of the commonést shore-worms, 
known as the sea centipede (Nereis) [520]. 
Here the segments are very clearly seen, and 
almost every one of them bears a pair of un- 
jointed conical —foot-stumpa, 
used for crawling. The remote 
ancestors of the jointed-limbed 
animals were no doubt some- 
what similar, but in the course 
ef ages their segments have 
become fewer in number and 
more specialised, while — the 
foot-stumps have evolved into 
jointed limbs. 

Imbedded in the foot -stumps 
of the sea centipede are bundles 
of strong bristles, which give a 
hold on the underlying sur- 
face, and prevent slipping. 

The head region is fairly dis- 

tinct | 516], and bears a number 

of feclers of various kinds as 

well as four simple cyes. Sea 

centipedes and many of their 

allies are highly carnivorous, 

and seize their prey by erat 517. Tue Ouse 
of a pair of horny jaws, which |, (Photo by 

can he protruded a will [516 C), ?0f; BH. Bentley) 
When this is done the muscular first part of 
the digestive tube (pharynx) is pushed out 
through the mouth. 

Some of the shore-worms have become 
broad and flattened to enable them to live 
conveniently under stones and in similar cramped 
places. as in the so-called sca-mice [518]. Here 
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it will be seen that many of the bristles are 
Jong and sharp, serving as an excellent means 
of defence. In onc kind of sea-mouse (Aphrodite) 
they are beautifully iridescent. On the upper 
side of the body are a series of scales [518] 
which serve for breathing purposes. 

Some of the marine bristle-worms have taken 
to a swimming life, and in these the foot-stumps 
have been broadened out into serviceable 
paddles. Their bodies are transparent. 

A Worm that Lives in a Tube. 
The bristle-worms so far mentioned move 
actively about, but some 
have taken to a com. 
paratively sluggish bur- 
rowing life, as in tho 
4case of the lug-worm 
(.drenicola) [517], greatl 
esteemed as bait, which 
swallows sand or mud 
: for the sake of the 
516. HEAD OF A sEa MUtritious matter  con- 

CENTIPEDE tained paar Foot - 

teclers b. E af stumps and feelers are 

le aa es elds reduced, for they would 

only be in the way, but beautiful feathery gills 

have been developed. One of the specimens 

figured is abnormal, for another individual is 
growing out of it, like the branch of a tree. 

A sticky fluid oozes from the skin of a lug- 
worm and glues the surrounding mud or sand 
together into a sort of ill-defined temporary 
tube. Many bristle-worms, however, have taken 
to a purely fixed or sedentary habit, and these 
construct firm tubes of various kinds and 
shapes. They may be of horny texture, built 
of sand-grains and the like, or else calcareous. 
A worm which lives in a limy tube is figured 
here [521] extracted from its dwelling. The 
foot-stumps are greatly reduced, but some of 
the head-feelers have been converted into 
elegant branching plumes. These are besct 
with microscopic threads of living matter (cilia), 
which by their constant movement set up 
currents of water. The plumes themselves 
serve as breathing organs, and the currents 
they originate bring all sorts of small organisms 
and nutritious particles to the mouth of the 
worm. Below the plumes is a sort of collar, 
which is concerned with the making of the tube. 

The sinuous calcareous homes of one of 
our commonest native tube-worms (Serpula) 
are often to be seen upon stones and shells 
[522]. When fully extended the single head- 
plume 1s a most beautiful object on account 
of its elegant shape and bright colour. 
On the least alarm the worm retreats into 
its home in the twinkling of an eye. the 





opening of the tube being closed by a conical 
stopper, formed by modification of a head- 
feeler. The little spiral dwelling of another 
common type (Spirorbis) is especially abun- 
dant on brown seaweed, and here the conical 
front-door is hollowed out to serve as a 
brood-pouch, within which tke eggs pass 
through the early stages of their development. 
The Farmer's Friends. 
Earthworms [519] are profoundly 
modified in adaptation to the bur- 
rowing habit. The pointed head- 
end (one can scarcely speak of a 
head) is devoid of feelers and eyes, 
and the foot-stumps are only re- 
presented by rows of bristles, 
which can be felt if the finger be 
passed along the body from back 
to front. There are no jaws, but 
the muscular first part of the 
digestive tube (pharynx) acts as 
« kind of pump for taking in food. 
This consists of fragments of 
plants or even 
of animals, but 
mostly of earth. 
The worm possesses 
a strong gizzard, 
containing small 
stones as in a bird, 
and making up for 
the absence of jaws. 
As Darwin long 
since demon- 
strated, the earth- 
worm is one of 
the farmer's best 
friends. Its bur- 
rows drain and 
verate the soil; 
while the earth 
which has passed 







‘through its body is —_ 
finely divided, and 519. EARTHWORM 520. SEA 
constantly being a. Lowel side CENTIPEDE 


brought to the b Upper side 
surface from lower levels. 
Not far from the front 
end of an earthworm a 
thickening will be seen [519], 
often erroneously supposed 
‘to be the result of injury. 
From it exudes a fluid which 
hardens into the egg-cases. 
Leeches. Leeches live in 
the sea, fresh water, or even 
in damp tropical forests. 
Their characters will be 
understood by examining a 
medicinal leech [528], which is one of the 
freshwater types. The flattened body is trans- 
versely divided by grooves into a number of 
narrow parts, several of which go to make up 
® segment. Foot-stumps and bristles are 
entirely absent, and progression is effected by 
means of suckers, one at each end. They effect 
& looping movement, but the animal can also 
swim by undulations of its body. This par- 
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522. TUBES OF SERPULA ON MUSSEL SHELL 
(Photographs by Prof. B. H. Bentley) 
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ticular leech is a blood-sucking parasite. Tho 
mouth is situated in the middle of the front 
sucker, which serves to fix the animal to its 
victim. Three saw-edged jaws are then brought 
into play, a three-rayed cut being made, and a 
fluid poured out which prevents the blood from 
clotting. Digestion is slow, and the food is 
stored in a large crop, drawn out into numerous 
pairs of pouches. The head pos- 
sesses eye-spots, but no feelers. 

‘*Wheel-animals.” The 
minute transparent creatures 
known as wheel -anrmalecules 
abound everywhere, provided 
there is a little moisture for 
them to swim about in. They 
may be kept in a dried condition 
for years, resuming their vitality 
when placed in water. Some of 
their leading characters may be 
gathered from the illustration 
given of a common freshwater 
b type [525]. The body isnot divided 
into segments, 
though the = ex- 
ternal membrane 
(cuticle) is trans- 
versely — grooved, 
especially im the 
mobile * foot.” 
which is provided 
with a pair of pin- 
cers at its end, and 
SCrVOs 8s & creep- 
ing organ. 

At the front end 
of the body is a 
ciliated disc, or 
* wheel organ,” the 
latter name being 
derived from the 
fact that the cilia 





move in regular 
521. TUBE-WORM AND ‘%UCcession, and 
TUBE give the impres- 


sion of a rotating 
wheel. This is, of course, 
only an optical illusion. 
These movements enable the 
animal to swim, and also sct 
up currents which — bring 
food particles (minute organ- 
isms, etc.) to the mouth. 
These are ground up in a sort 
of gizzard, into which tooth- 
like structures project. 

Some of the whecl-animal- 
cules are sedentary, and con- 
struct tubular dwelling». In 
one remarkable case (Melicerta) these are made 
of pellets of mud, or other foreign matter, 
cemented together [524]. Each pellet is moulded 
into shape within a little cup, and there is a 
special cement-gland. 

Siphon-wormsa in the Sand. Siphon- 
worms are distantly related to bristle-worms, but 
distinct segments are not to be made out, and 
there are no foot-stumps, though a few bristles 
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are sometimes present. The common siphon- 
worm, Sipunculus [527 AJ, burrows in sand, which 
it swallows, after the fashion of an earthworm. 
A morc remarkable formis , 

Bonellia, of which the female 
is figured [527 B]; the male 
is minute and degenerate. 
The animal lurks with its 
rounded body securely en- 
sconced in some rock cranny, 
while its long forked probos- 
cis is extended to a relativel 
enormous distance in search 
of food. This is conducted 
along a groove to the mouth. 


Many Bodies in One. 
Mors-polypes are the first 
example we have met of , 
colonial animals, in which a@ suckers c. Front sucker, 
number of individuals (poly- vith rari ones 
pes) are aggrogated together, ince jaws ¢. Jaw with 
their bodies being actually toothed edge 
continuous. There is a horny 
(or sometimes calcareous) ex- 
ternal skeleton, with a series 
of little cups for the reception 
of the polypes. The colony 
is formed by the budding of 
an original individual, and a 
more or less plant-like appear- 
ance is typical. A common 
freshwater type (Plumatella) 
is figured [528], from which it 
will be seen that cach polype 
possesses a crown of feelers. 
These are ciliated, and serve 
as breathing organs, also 
setting up currents of water 
which bring food. 

One of the best known 
marine kinds is the sea-mat 
(Flustra) [588], which looks 
very much like a flat sea- 
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WHEEL-ANIMALCULE 
a. Ciliated disc 
b. Keeler c. Foot 
d. Brain e. Cavity of 
mouth 7. Gizzard 


g- Rest of digestive tube 








Front, and 6. back 


through which the short stalk projects. This 
serves to fix the lamp-shell to some firm object. 

Round-worms: A Danger in Food. 
These are unsegmented worms 
of cylindrical shape, pointed 
at either end. Most of them 
are internal parasites, which 
give rise to serious or even 
fatal disease. An example 
of one of the larger forms 
(Ascaris) is figured [582], the 
sharply bent tail showing it 
to bea male specimen. Well- 
known species of the genus 
infest the horse and human 
beings. Another obnoxious 
round-worm (Dochmius) at- 
tacks the lining of the small 
intestine in man, and causes 
‘* miner's anscmia,”” 

The female of the Guinea- 
worm (Filaria medinensis) 
lives under the human skin 
in tropical Africa, setting 
up abscesses. Its slender 
body is two feet in length or 
even more. A minute related 
species Swarms in the blood 
of human beings in tropical 
regions, but is only to be 
found there at night. The 
round-worm, however, which 
is most dangerous to man is 
a form known as T'richina, 
which is under one-twelfth of 
an inch long. It infests the 
rat. and if this should be eaten 
by the pig, as it often is, the 
young worms bore into the 
walls of the stomach, and are 
carried in the blood to the 
muscles, where they pass into 
& quiescent or encysted con- 
dition. Should a human being 
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weed. Upon this particular IN BURROW sap 
specimen tufts of another species @ Opening of burrow eat insufficiently-cooked pork 
; b. Side-view of she ini 
are erow mie: c. Shell seen from flat side eis ing the ‘Aiba aoa 
Lampz-shells. These worms d Stalk (The arrows they become mature in the 





are often mistaken for molluscs, as 
they possess a bivalve shell, 
the valves of which, how- 
ever, are upper and lower, 
not right and left, as in a 
mussel or cockle. In the 
tongue-shell (Lingula) [526], 
the shell is horny, and the 
animal lives in a burrow in 
the sand. Between the two 
halves of the shell a fleshy 
stalk passes out, and this 
can be contracted [526 C’] 
so as to draw the animal 
down out of danger. Pro- 
jecting from the sides of the mouth are two 
ciliated fringed “arms,” which play the same 
ah as the crown of feelers in a moss-polype. 
n lamp-shells [529~580], the valves are trans- 
parent, and calcareous. The lower one is much 
larger than the other, and is pierced by a hole 
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show the direction of stomach, producing countlesy 
the watel cuirents) eggs (as many as 1,000 per 
female), the embryos 
hatched from which 
make their way into the 
muscles, and become en- 
cysted. Serious illness, 
and not infrequently 
death, result from the 
disturbance thus set up, 
for though the parasites 
are very small, as many 
as 40,000,000 may be pre- 
sent in the same victim. 
Flateworms. These 
are unsegmented forms 
in which the body is 
generally flattened from 
above downwards. Very 


a 





§28. PLUMATELLA 
A. Colony B. Polypes 


many of them are parasites with a complicated 


life-history. There are three groups of these 


creatures, (1) Planarian Worms (Turbellaria), 
(2) Flukes (T'rematoda), (3) Tapeworms (Cestoda). 


Planarian worms abound both in 
fresh water, and some of them 
found upon damp earth. Their skin 
is soft, and closely beset with cilia, 
by means of which they are able to 
glide along in a characteristic way. 
Planarians are highly carnivorous in 
habit and possess a long muscular 
pharynx, which can be protruded from 
the mouth in search of prey. [535]. 

A Sheep Parasite. The fluke 
group is closely allied to the last 
one, but the animals included in it 
have become greatly specialised in 
relation to the parasitic habit. The 
covering of cilia has been lost, while 
suckers and other organs of attach- 
ment have been developed 

We may conveniently take as an 
example the liver fluke (Distoma hepa- 
ticum), the cause of the discase 
known as “ liver-rot ” in sheep. 
[See AGRICULTURE, page 2625. ] 

The adult parasite, which 
attacks the liver of the sheep, 
is leaf-shaped [587], and an inch, 
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530. LAMP SHELLS 
a. Upper valve g. Under valve 


or rather more, in length. 
The mouth is in the 
middle of a sucker, and 
situated on the end of a 
conical projection. A 
second sucker is present 
on the under-side of the 
body, far forward. The 
food consists of blood, 
and disintegrated liver- 
substance, taken in by 
the action of a pharynx 
that serves as a suction 
pump, and passed on into 
the numerous branches 
of the forked intestine. 
Very large numbers of 
ngs are produced, as 
will b 


e realised from the fact that the gall bladder 
of a sheep infested by about 200 flukes contained 
something like 7,400,000. Parasites of all kinds 
are notoriously fertile, especially when their 


salt and 


are even 





529. LAMP SHELLS 





581. TAPEWORM 





538. SEA-MAT 
(Photographs by Prof. B. H. Bentley) 


life-history is complex. 
in a given case are so small that if it were 
not so they would soon become extinct. 

The eggs of the fluke ultimately pass out of the 
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body of the sheep, and if this take place 
on damp ground in the vicinity of 
water, they have achance of developing 
further. Low: lging pastures liable to 
be flooded offer particularly favourable 
conditions. A minute ciliated embryo 
hatches out from the eggs [587 B] and 
swims actively about in search of a small 
species of water snail (Limnaus tran- 
catulus), soon perishing jf unsuccessful. 

The ciliated «embryo bores into the 
lung chamber of the snail and becomes 
an irregular germ-bag [587 D]. Within 
this the next stage or redia is developed, 
which makes its way to the snail's livor 
and feeds upon it. During the summer 
several gencrations of rediw arise, one 
within the other, by a process of internal 
budding. Later on in the season the 
next stage (cercaria) is similarly 
formed within the bodies of the 
last generation of redix. It re- 
semblos a minute tadpole in shape 
(587 F}, and makes its way out of 





532. MALE ROUND-WORM 
(Sex is shown by the curly tau) 


the snail, swimming to 
the stem of some water- 
plant, losing its tail, and 
passing into a quiescent 
or encysted stage, in 
which it is surrounded 
by a limy covering. If 
a sheep crops some herb- 
age to which the cysts are 
attached, thei: limy coats 
will dissolve in the 
stomach, and the young 
flukes thus liberated pass 
on into the intestine and 
make their way up the 
bile duct to the liver. 
Tapeworms. All 
the tapeworms are in- 


ternal parasites, and the characters of some of 
the more simple among them show that these 
creatures have descended from fluke-like ancestors 
by still further modification. Digestive organs, 
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in the ordinary sense, are entirely absent, for 
these creatures live surrounded by nutritious food 
in the liquid form, consisting either of the digested 
food or the blood, etc., of their hosts. This is 
absorbed through the soft covering of the body. 

One of the best-known members of the group 
is the common tapeworm (Tenia solium), 
which lives, when adult, in the intestinc.of human 
beings [531 and 5386]. At the front end is a 
minute “head”? which holds on by hooks and 
suckers to the 
lining of the 
intestine. Be 
hind this are 





very nume- ag ee 

rous flattened 535 

ry { . 

joints (proglot- 

tids), of which - PLANARIAN 

the ripest are WORM 

those furthest C a. Eves >, Ex- 
tended pharynx 


from the head. 
Each joint 
gives rise to a 
large number 
of eggs, and 
since new 
joints are con- 
etantly being 
formed during 
the life of the 
worm, there is 
little likeli- 
hood of the 


534. NEMERTINE 
WORM 








case there are three hosts, and their life-history 
is as follows : 

1. Ciliated embryos which hatch out from the 
eggs enter the bodies of pear! oysters, and pass into 
the bladder-worm stage. Sone of these die and get 
surrounded by layers of limy matter ; hence pear]s. 

2. The file-fish (Ballistes) feeds upon the pearl 
oysters, and some of the bladder-worms taken in 
develop a stage further. 

3. A large ray (J7'rygon) preys upon the file- 

‘ fishes, and 
within its in- 
testine the 
tapeworm 
attains its 
full develop- 
ment. Tape- 
worm eggs 
pass out of the 
hody of the 
ray, and the 
embryos 
which hatch 
from these 
attack the 
pearl oyster. 

The pearl 
tapeworm 
affords a good 
example of 
the value of 
scientific — re- 
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eggs chance to be swallowed’by a suitable warm- 
blooded quadruped, especially the pig. they de- 
velop further [536]. A minute spherical embryo 
hatches out, and by means of six little hooks 
it possesses bores into the blood-vessels and is 
carried to the muscles. Here it passes into the 
quiescent bladder-worm (cysticercus) stage. in 
which it may remain indefinitely, for no further 
development can take place in the body of the 
pig. Pork infested by bladder-worms is said to 
be “measly,” for the encysted parasites give 
it a spotty appearance. 

The bladder-worm is & hollow sphere, the wall 
of which is pushed in at one spot. This in-pushing 
is gradually converted into a tapeworm head, 
hollow, and outside in. Should a human being 
eat some measly pork which has been insufficiently 
cooked, the tapeworm head of the bladder- 
worm turns inside out. and becomes solid, while 
the bladder itself is absorbed. The head attaches 
itself to the lining of the small intestine, the chain 
of joints develops, and the adult stage is reached. 

How Science Saved a Pearl Industry. 
The finest “ orient’ pearls of Ceylon are merely 
the tombs of dead tapeworm embryos. In this 


snail d. Germ bag e. Redia 7. Cercaria 


years ago the 
Ceylon pear! fisheries became greatly depreciated 
in value, and to discover the reason became an 
urgent matter. First came the so-called “ prac- 
tical’ man, who, reasoning by the “light of 
Nature,” suggested that file-fishes should be 
ruthlessly exterminated, since they devour pearl 
oysters. Fortunately the aid of scientific investi- 
gation was next invoked, and the life-history given 
wbove was made out, proving conclusively that 
extermination of the file-fish would do away 
with the formation of orient pearls altogether. 

A Rare Sight by the Sea. Nemertine 
worms, unsegmented and usually cylindrical, 
are & Numerous marine race, though practically 
unknown to other than professional zoologists. 
Some of them are much elongated [584], and may 
be found coiled up in odd corners between tide- 
marks. One of our commonest British species 
is jet black in colour and several yards long. 
Helpless though these creatures appear, they are 
eminently carnivorous, and devour tube-worms. 
At the front end of the body. immediately above 
the mouth, which is on the under-side, a small 
hole may be seen. Through this a long tubular 
proboscis can be shot out, and this is the means 
by which prey is secured. In some nemertines 
its tip is armed with sharp stylets, at the bases 
of which poison-glands open. Nemertine worms 
have a considerable theoretical interest, because 
in some respects their structure foreshadows the 
peculiarities of backboned animals, which possibly 
have taken origin from creatures of the kind. 


Continued 
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WORKSHOP PRACTICE 
continued fiom page SM&i 


By JOSEPH G. HORNER 


TESTING, as done in the engineers’ shops, is 

the work of the firm in the first place, pre- 
liminary to that of inspectors, who are appointed 
by the purchasers. Hence there are often two 
separate testings made, one for the satisfaction 
of the firm before calling in the inspector, the 
other which is done by the latter. Often, 
however, in big contracts, the inspector remains 
on the premises, observing the work in its pro- 
gress as well as noting the quality of the materials 
being used. 

Inspectors. An_ inspector, to be fully 
qualified, should posyess an intimate practical 
knowledge of materials and operations, such as 
can be gathered only during a considerable 
period spent in the shops. With this must be 
combined a good training on the technical side. 
Too often inspectors fail in the first, to the 
intense irritation of manufacturing engineers. 
Work is condemned without just reason because 
the inspector is not qualified to judge between 
the essential and the non-essential. The strict 
letter of a specification is insisted on, to the 
condemnation of really excellent work. The 
same kind of mistake is often made on the part 
of consulting engineers, who draw up specifica- 
tions with unnecessary increase in cost and 
without increased efficiency. 

The character of the tests made vary with 
every class of mechanism. Generally they com- 
menee with the rough castings, or forgings, or 
other articles. That section which relates to 
the taking of test pieces, having been treated 
in Materials, need not be repeated. But the 
following points lic outside the merc laboratory 
work. 

Test Piecea. Test pieces must be taken 
from the actual material used in given iron or 
steel castings, in steel plates, or sections, or 
forgings. If in castings, they must be run on 
the castings, to be cut off in the presence of 
the inspector, or else poured from the same 
ladle in the presence of the inspector, and 
stamped by ie Steel plates and = angles 
must have suffirrent additional Jength or 
width to permit of one or more test pieces 
being shorn, or sawn off, one or more from a 
batch of the same quality, also in the presence 
of the inspector, and stamped. 

Testing Machine. Thc test bars for 
castings are ge 3 ft. Sin. long, by ! in. wide, 
hy 2 in. deep. They are laid on supports 3 ft. 
apart, with the 2 in. dimension depthwise, and 
loaded until fracture occu 's. This takes place at 
from 28 cwt. to 36 cwt., with a deflection of three- 
cighths of an inch. Plenty of machines are used 
in foundries in which actual loads are applicd 
directly to a sling hung from the bar. But the 
lever machine is far neater and better. Fig. 852 


illustrates one of the best designs, by Messrs. 
W. & T. Avery, Lid., of Birmingham. It has 
a capacity of 40 ewt. It takes cast-iron bars 
of 2 in. by 1 in. section, or less, and up to 36 in. 
between the supports, or dogs, CC. The bed- 
plate D is of cast iron, machinod, and the 
dogs have hardened edges where they come 
into contact with the specimen. They are 
adjustable to suit different lengths of — bars, 
wnd the base-plate is graduated so that 
the specimens may be accurately located 
for spans of 12 in., 24 in., or 36 in. between 
supports. A cast-iron standard, KE, is machined 
and bolted to the bed-plate, and 1s fitted with 
hardened steel bearing-blocks, upon which the 
fulcrum knife-edge of the steelyard F rests. 
Brass caps are fitted over the main fulerum knife- 
edge tu protect it from dust. The steclyard 
is made of wrought iron, machined and polished 
bright, and fitted with hardened steel knife- 
edges, and graduated up to the full capacity of 
the machine, thus dispensing entirely with the 
use of loose weights. 

The Testing Machine at Work. The 
steclyard ix provided with a sliding poise, G, 
by means of which it is kept in equilibrium, 
and the strain indicated. To ensure the strain 
being steadily and evenly applied, and the most 
accurate results attsined, a small hand-wheel, H,. 
is fitted to the poise for propelling the latter. A 
buffer spring is fitted in the carrie: J to minimise 
the shock on the steclyard duc to the breaking 
of the specimen. The hand-wheel 1 keyed to a 
spindle passing through the poise, and to this is 
wlso fastencd a hardened steel roller having 
& milled edge. The rotation of the hand-whee! 
causes the milled roller to grip the top face of 
the steelyard, thus giving motion to the poise. 
To facilitate the movement of the latter, a trail- 
ing roller is provided with a turned edge ; this 
also runs upon the top face of the steelyard, 
and relieves the milled roller of the greater part 
of the weight of the poise. A graduated scale 
and pointer is attached to the machine for asce!- 
taining the deflection of the specimens being 
tested. The strain is applied by actuating a hand- 
wheel, K, with a serew working in a# stirrup, L. 
The point of the screw is herdened, and hears 
in @ hanleted steel] bearing-block on the edge of 
the steclyard. 

Limitations of the Test Bar. But 
this method of test in any hands but that of an 
experienced man is apt to be misleading. It 
would not do to apply the results rigidly to cast- 
ings made from the same bars. But it does, 
nevertheless, indicate the quality of the iron in 
a valuable way, and provided the castings are 
also tested to detect any unsoundness or faulty 
portion, the test bar will not be misleading. But 
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if & casting is accepted as sound and strong only 
because the test bar is sound and strong, trouble 
will in many cases follow. By the aspect of 
the fractured surfaces--their dull or lustrous 
appearance—the experienced inspector is able to 
form an approximate estimate of the character 
of the iron, whether poor or good, hard or soft. 
Uniformity must never be looked for either in 
test bars or in castings run from the same ladle 
of metal. Variations of 10 or 20 per cent. occur 
in bars, and twice as much in castings of variable 
sections. This is one reason why a large margin 
of safety must be allowed. Hence test bars 
alone are not relied on in 4 rigid system of in- 
spection, but a small percentage of castings is 
broken. These are taken at random, and are 
therefore reliable samples of the whole. 

There is one aspect of the test bar that has 
only been taken account of in late years—namely, 
shrinkage. Here we touch the fringe of a wide 
subject, known to foundrymen as Keep’s testa. 
Though ultimately based on the chemistry of the 
iron—namely, on the proportion of silicon present 
in relation to other elements, carbon chiefly— 
and to the mass of a casting, the shrinkage 
of the bar is used as @ test to reveal the physical 
characteristics of the metal. Where Mr. Keep’s 
testing appliances are installed, very precise 
tests can be made with little risk of error in 
judgment. 

Castings. The test pieces from a casting 
or a steel plate may fulfil the terms of the speci- 
fication as to strength and ductility, etc; but 
that does not guarantee a sound casting or plate, 
which must be the object of a careful inspection. 

Castings offer by far the greater difficulty, 
plates being generally homogeneous and reliable. 
Castings are often not homogeneous, besides 
which they are subject to faults developed in 
pouring and cooling, faults in the mould, or 
due to bad proportioning. Many of these are 
hidden, though their existence may be suspected 
by an experienced man. They may often reduce 
the strength of a casting by as much as 50 per 
cent., so that the test piece alone becomes 
illusive. 

Faults. The worst faults in castings are 
draws, blowholes, and general sponginess. A 
rough skin should not condemn a sound casting, 
but the faults just named should, if they exist 
in vital parts, condemn a smooth casting. By 
vital parts are meant those which are subject 
to severe stresses of a tensile or cross bending 
character. Faults may occur in parts which 
are subject to little stress, or to one of a purely 
crushing character. They may occur in the 
neutral axis of a body or in the centres of 
masses surrounded with metal far in excess of 
that required for mere strength, as in some 
portions of machine framings, or bed-plates. 
Hence the inspector muat judiciously make a 
distinction between the vital and the non- 
essential. 

Draws. Draws, or open spaces, are as 
often as not invisible from without. If due to 
the shrinking of metal away from central 
portions, there is no indication of their presence. 
But wherever thin and thick portions tie one 
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anothor, draws may be suspected. Hammer 
taps will then indicate a tense condition. Draws 
need not occur in a properly designed casting. 
But the moulder can do much to avoid the errors 
of the draughtsman by judicious local cooling 
off, or, in steel, by filling in fillets in weak places. 

Blowholes. Blowholes and general spongi- 
ness are due to insufficiency of vents. A clean 
surface may conceal sponginess. The hammer 
test may detect it, or small holes on the upper 
surface may indicate the presence of extensive 
blowholes which may be probed by a wire. 
Blowholes are most liable to occur on the upper 
faces of castings. 

Scabs. Scabs are visible on the outside 
and if the fettler has trimmed them off, the 
smooth surface indicates what he has done. 
Then holes are present somewhere in the casting, 
because the scab is simply meta] taking the 
place of sand that has been flaked off and 
washed away at the time of pouring, and lie~ 
somewhere in the mould. Such a casting, if 
subjected to much stress, must be regarded with 
suspicion, and may have to be condemned. 

Platos, sheets, and angles are liable to pitting. 
and to seams or laminations, but far less so in 
steel than wrought iron. Steel is practically 
homogeneous ; poor iron is not. But if spongy 
ness is present in a stecl ingot, it will show in the 
rolled plates. These faults can be detected only 
by ocular examination, and by hammer blow- 
in the case of laminations, which, if present, 
do not emit a clear, ringing sound like a solid 
plate docs. 

Impact Tests. These are used for rail- 
way rails, tyres, and axles, because the stresses 
which these have to sustain are of the nature 
of shocks or hammer blows. Tensile tests 
are usually taken also, but the rails, tyres, 
or axles must pass the drop tests before 
they are accepted. These vary in different 
countries. In England engine axles are tested 
by the falling of a 1-ton weight through a distance 
of from 25 ft. to 30 ft. The number of blows 
varies, ranging from five to sixteen. The 
axles are laid in bearings 3 ft. 6 in. apart, and 
are reversed after each blow, or each alternate 
blow, so that the result is a number of bendings, 
ranging from 2 in. to 3 in., and straightenings, 
which the axle must endure without sign of 
crack or fracture. Then, having withstood 
these, the axle is broken, and specimens cut from 
it for tensile and bending tests in a machine. 
Rails are tested in a similarly severe manner, 
with considerable variations in different coun- 
tries. Tyres are also subjected to a drop test, 
being stood edgewise, and receiving successive 
blows from a 1-ton weight dropped from an 
increasing range of heights, extending from 
10 ft. to 30 ft., until it is bent through a distanve 
of one-sixth or one-eighth of its external diameter 
without cracking. 

Finished Mechanisms. These, speak- 
ing generally, are tested by the agencies by 
which they are stressed in practice, as steam, 
water, imposed loads, etc. The tests may 
have for their object the strength of the 
mechanisms, or their rigidity, or stability, or 
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the tightness of joints and seams. In another 
class of test, speeds, discharge, capacity, power, 
etc., are ascertained. 

Steam=spressure Testa. Testing by steam 
pressure to be sure of the strength of a 
vessel is practised to but a limited extent, and 
then, as a rule, following hydraulic tests. Even 
in steam boilers, with the exception of the 
locomotive, it is not generally practised. Many 
hold that it is of no value, while it is certainly 
risky to test a boiler at much higher prossure 
than that at which it has to be worked. The 
hydraulic test fulfils the required conditions 
equally well, and involves no risk whatever. 
On the other hand, testing by steam is done 
under working conditions of expansion due to 
heat, and these will often find out weak and 
leaky seams that a higher hydraulic pressure 
had failed to detect. 

The Hydraulic Test. This is by far the 
most valuable and most extensively employed. 
It can be regulated within any range with 
absolute precision, from a few pounds to 
two thousand pounds or more to the square 
inch. It tests the strength of pipes in iron, 
steel, copper, and copper alloys; the tightness 
of welded and riveted joints, of caulked, of 
flanged, and other joints. If a joint fails, there 
is just a fizz of escaping water, or a mere weeping 
only, and tho prossure is relieved at once, and 
therefore there is no danger as there is with 
the highly elastic steam. Pressure water finds 
out spongy motal, and weeps through it, hence 
cast pipes are tested thus. It will find its way 
through bad welds, through boiler seams im- 
perfectly riveted and caulked. It will forco its 
way between the leathers and rams of hydraulic 
cylinders if the leather and the fitting are poor. 

e test pressure pump is used, fitted with a 


gauge which indicates the rising pressure 
accurately. 
Deflection. Tho amount of deflection of 


a beam or structure under a dead or a livo 
load is very important, and specifications are 
generally stringent on this point. The maximum 
load on a structure must not stress it beyond 
the elastic limit, and the structure must there- 
fore possess sufficient rigidity or resistance to 
enable it to return to its original form on being 
relieved from its maximum load. This original 
form need not be that at which it leaves the 
manufacturer, but that which it takes after it 
has acquired a permanent set. But specifications 
as to amounts of deflection permissible guard 
these contingencies, and the inspectors have to 
see that they are fulfilled. Sometimes firms 
have had to substitute new girders for others 
that would not stand the deflection test. 
Alignment. This signifies the centres or 
axes of shafts, spindles, bearings, etc., being 
in one plane, or in line. It is most important 
in lengths of shafting, in machine tools, and 
engine rods. It is tested in some cases by the 
same methods as those used in erection, namely, 
by straining lines, and by parallel straightedges 
and spirit levels, or by plumb lines. But for 
fine machine construction this would not be 
accurate enough. Centres may be brought 
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together, but that is not sufficient in some 
cases. Fine alignment is checked with an 
indicator, the point of which is brought to 
the centres, or axes, and any departure from 
accuracy is magnified at the other end by a 
pointer moving over an index. There is also 
nu practical testing commonly done in lathes, 
which will be noted immediately. Alignment 
in moving pistons and rods, and crossheads, 
ot slippers in their bores, glands, and guides 
is often tested after erection by moving them 
along. and judging of the fitting by the ease 
or stiffness with which they work. 

Stability. This is one of the essentials 
in structures which are subjected to stresses 
tending to disturb their equilibrium. It has 
its applications in Jocomotives and_ rolling 
stock, and in balanced jib cranes of all kinds, 
but specially in the travelling types. The 
higher the contre of gravity, the smaller, other 
conditions being equal, is the stahilitv. Hence, 
weight is, when possible, massed low down to 
lower the centre of gravity; and the base. 
whether wheel base, or foundation plates, or 
beds, is made as broad as practicable. 

Horse=-power. This is estimated as the 
number of pounds, 33,000, lifted one foot high 
per minute. It is ascertained by calculation, 
or by brake, or other dynamometer, or by the 
indicator. 

Speeds. These are reckoned by observation 
if slow and not extended over a long time, as 
the speeds of shafts, revolutions of some engines, 
and machine tools. But under opposite con- 
ditions a revolution or speed-counter is used, 
which records automatically the number of 
revolutions, 

Modulus of a Machine. In plain 
words this means the efficiency of a machine, 
or the relation or percentage of the work which 
it is capable of doing to that which is put into it. 
It is always a fractional part, since no machine 
can possibly give out all the energy it receives 
unless it were absolutely frictionless. Calcula- 
tions based on theoretical figures are of little 
value here because there are s0 many sources 
of loss which go to make up tho total. The only 
practicable and reliable way is to test the 
machine as a whole, and when the work which 
is applied to it and absorbed by it is known, 
then the percentage between that and the work 
done represents the modulus, or efficiency. But 
this holds true only under identical conditions. 
The efficiency will not be the same under different 
loads because, in general, frictional resistances 
remain constant under greater or lesser loads, 
due to the surfaces in contact. Thus a planing 
machine absorbs nearly as much power while 
running idly as when cutting metal, due to the 
inertia of the heavy table. The power of an 
engine varies directly as the steam pressure 
and velocity, so that it is easy to double the power 
of a given engine without affecting the friction 
much. Ir hydraulic rams and pumps, and in 
machinery running at very high speeds, friction 
and ill-balanced parts complicate matters, but 
in average machines the remarks just made 
hold good. If therefore, as the result of test, 


the modulus of a machine working under given 
conditions is known, that of machines of different 
powers can be ascertained. The gross horse- 
power, or foot-pounds of work absorbed are 
multiplied by the modulus. 

Testing Machine Tools. Machine tools 
are subjected to tests for accuracy and 
for capability to perform the work demanded. 
The latter is chiefly a question of driving power 
and strength of parts, combined with close 
fitting, to prevent slackness, except as regards 
the capacity for speed, which is governed in 
many cases, such as in automatic screw machines, 
by the skilful setting of cams, etc. 

Machine tools are used for the production of 
true surfaces on work, so that questions of align- 
ment, parallelism, and squareness of spindles and 
slides in relation to each other are of paramount 
importance, whereas in an cngine, pump, 
etc., so long as the parts work correctly and 
freely, it may be passed. But a machine tool 
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may look and operate apparently to perfection, 
and yet be very inaccurate in its product. In 
good work it is usual to test relations after the 
fitter and erector have done their part, and see 
that, the permissible limits of error are not 
exceeded, absolute accuracy of course not being 
attempted. The principal forms of tests relate to: 

Lathes: Alignment of the headstock and 
poppet axes in regard to cach other and to the 
bed, and squarenexs of the rest setting, so that 
turning, boring, and facing shal] be effected 
parallel, and at right angles. Planers: Square 
relation of the uprights with the tables, and 
parallelism of the cross rail therewith. Shapers: 
Parallelism, and squareness of the ram move- 
ment in regard to the table. Sloters: Perpendi- 
cular movement of the ram to the table slides, 
including rectangular relat‘on of the latter in 
regard to each other. Millers: Parallelism, 
and squareness of the spindle in relation to 
the table, and truth to the latter at right angles. 
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Drillers and borers: Perpendicular relations, 
and parallelism of the spindle to the table or 
base. Grinders: Alignment of spindles to beds 
and tables, and squareness of cross movements. 
Indicators. In those machines which have 
rotating spindles care has to be observed that they 
run truly, since a very slight amount of eccen- 
tricity will spoil results, expecially in lathes, 
milling machines and grinders, while in drilling 
machines the ‘running out” of the drill causos 
much annoyance and risk of untrue work. In 
testing such spindles, a plug, ground truly and 
parallel, is inserted in the centre of the mandrel 
hole, and the spindle is revolved. An indicator 
is then made use of [853], a delicate instrument 
comprising a system of levers which magnify 
the movement of a stud or fecler, A, screwed 
into a pivoted block, B, which moves levers C and 
D, the last having its end travelling across 
graduations on the top of the casing. The levers 
Cand D enormously magnify the movement, 
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50 that a motion of 1,000th in. of A shows as [th 
or ,4,th in. on the end of D, according whether 
A is screwed into an upper or a lower hole in the 
block B. The spring E tends to keep the parts 
at normal positions. The shank F is for holding 
the instrument in place on machines, etc., the 
case being pivoted so that 1f too much movement 
is applied to the feeler the levers will not be 
damaged but the case will tilt back. A cover 
is screwed to the face by the holes seen, to protect 
the parts. The fecler G is for testing inside holes, 
while other forms are made for special work. 
Lathe Testing. Another kind of indicator 
[854] comprises a pointer which is so pivoted 
that any movement ix greatly magnified, and 
indicated on a divided scale. If the plug, 
therefore, held in the lathe or other spindle 
should happen to run eccentrically, the needle B 
of the indicator will move in sympathy, while 
if no inaccuracy is present the needle remains 
stationary. All circular revolving parts may 


3965 


MECHANICAL ENGINBERING 


therefore be tested in a more delicate and easy 
manner than by setting the machine to work. 
The alignment of the spindle with the bed is 
tested by using a longer plug [855] and guiding 
the indicator base along the vees, or ways of the 
bed, so that any want of parallelism between plug 
and bed is shown. Or a short mandrel may be 
placed in the spindle and a couple of collars 
turned up on each end with a light cut travelling 
the rest from one to the other ; these should be 
identical in diameter when measured by a 
micrometer caliper. If one is larger, then the 
spindle is not in alignment with the bed. The 
indicator in 855 1s a type where the pressure on 
the feeler moves a needle over a circular dial m 
the case. 

The alignment of the loose poppet is secured 
if an indicator held in the rest bears equally 
when brought to either end of a ground parallel 
shaft mounted between the heads. The barrel 
itself may also be tested by the use of a plug 
inserted as in the case of the headstock. 

Squareness of movement of the cross slide is 
shown by its capacity for facing a plate flat, 
since if the tool leaves the surface either concave 
or convex, this shows that the slide does not 
move at right angles to the spindle. A neat 
-method of testing is to make a special plate (856, 
projecting out into two rings, one at the peri- 
phery, the other encircling the screw hole. After 
a cut right over these rings, a straightedge laid 
against it should grip pieces of tissue paper 
between the four narrow faces, a, a, a,a. Should 
the facing be concave or convex, the paper will 
fall from the inner or the outer rings respectively. 

Linear motions of slides or rams in relation 
to tables and bed» ure tested with the indicator. 
By clamping the stem in the tool-box of a planer, 
for instance, and moving the box along the cross 
rail, the want of parallelism of the latter to the 
table is detected by the needle moving if the 
feeler presses the table harder on one side than 
the other [857, A and B]. Shapers may be 
tested by holding the indicator in the tool-box 
and moving the ram to and fro, and the table 
also transvorsely, any divergencies in the extreme 
positions showing thomselves. Parallelism of 
Spindles to tables, as in milling, drilling, and 
boring machines is found by sliding the indicator 
along either the spindle or the table, the feeler 
making contact evenly all along unless the spindle 
lies out of parallel. These examples are suffi- 
cient to show how testing is carried out, being 
representative of the work in general. It may be 
noted that in many shops the inspector has to 
furnish a report of the test, giving as far as 
possible the amounts of inaccuracy present in 
the main parts. As mentioned previously, 
these inaccuracies must not exceed a predeter- 
mined amount, which varies, of course, as the 
machines are of common or of high class con- 
struction. 

Crane Testing. Cranes are tested for 
stability, lifting capacity, and power consump- 
tion. The stability of a jib crane is measured 
in reference to the gauge of rails upon which it 
runs or to the length of support afforded by the 
blocking girders. In the case of a fixed crane, 
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the foundation is proved by the test load. The 
test load imposed is usually in excess of the 
working load ; for ordinary cranes, 20 per cent. 
overload is usual, but this rises to 50 per cent., 
and even 100 per cent., for special cranes. The 
load is applied gradually, half or two-thirds loads 
being successively lifted, and the behaviour of 
the crane carefully noted. A common device is 
to apply a long lever under the crane tail from 
time to time during the test, to ascertain what 
margin of safety exists. 

Cranes are also tried for backward stability 
with the load off and the tail at right angles to 
the track. Many railway breakdown cranes are 
not stable in this position, except when the block- 
ing-up girders are in use ; such cranes are usually 
fitted with movable ballast weights. The over- 
load test also proves the capacity of the cranc to 
perform its various movements properly. 

With overhead travellers and goliaths, the 
test load is also used to ascertain the deflection 
of the main beams; this may vary from # in 
to 1} in., according to span and construction of 
girder. This deflection 1s apart from permancnt 
set, which must be noted by measuring the level 
of the beam before any load is imposed and 
measuring again after the test load has been 
lifted and set down. Permanent set depends 
largely on the workmanship of the joints, and 
may be equal to the deflection in amount. 

Speeds are measured by noting the time taken 
to carry out a certain operation and then 
reducing it to feet per minutc. Locomotive 
cranes are tested for travelling speed and for 
shunting power, also for steaming power. A 
locomotive crane boiler should maintain steam 
at or about the working pressure easily through- 
out the period of testing. Coal and water con- 
sumption is casily noted during a test, or for 
a complete day’s work. Electric cranes are also 
tested for current used over given periods, and 
the results are reduced to tons per kilowatt 
hour, or, alternatively, to cost of current per 
ton handled. 

Cranes are subjected to trials for efficiency in 
a similar manner to that to be described imme- 
diately for electrical machinery. Cranc-build- 
ing establishments record al] their tests, and use 
the comparative results as a guidance in the 
design and manufacture of subsequent crancs. 
They are thus eminently qualified to act as 
advisers when specifications are being framed 
for prospective lifting appliances. 

Engine Testing. Stcam engines are 
tested to ascertain their indicated and brake 
horse-power, also for steam consumption and 
general efficiency. The indicated horse-power of 
an engine, or J.H.P., as it is termed, is obtained 
by means of an indicator, which records the 
actual steam pressure in the cylinder at the 
various periods of the stroke of the piston. The 
indicator is attached to the cylinder by small 
steam-pipes, and is driven by the engine cross- 
head by means of levers. It produces a diagram 
as in 358. The area of the boot-shaped figure 
represents the work done by the piston; its 
length is the stroke of the piston, whilst vertical 
dimensions give the varying pressure as the 


steam is cut off, and then expands. The mean 
height is the average pressure, and this, multi- 
plied by the piston arca in square inches and by 
the piston speed in feet per minute and divided 
by 33,000, gives the indicated horse-power. 

In the diagram [858] a represents the point 
at which steam is admitted to the cylinder. 
From a to b the steam rises, making, in a good 
diagram, a vertical line. The paper on the 
indicator cylinder rotating, the line 6 ¢ should be 
straight. At c the steam begins to be cut off, 
and the line drops to d, the point at which it is 
fully cut off. From d to e the steam is working 
expansively. At e the exhaust is opened and 
remains open from f tog. At g the exhaust is 
closed, and cushioning takes place to a, where 
steam is again admitted for the next cycle. This 
is the diagram for a high-pressure engine, in 
which { g is the atmospheric line. In a con- 
densing engine, { g would represent the vacuum 
hne, and the atmospheric line would be higher 
up. The 10 vertical full lines are ordinates. 
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To get the total area, the spaces between these 
are divided midway, as indicated by the dotted 
jines, their lengths are measured, and added, and 
the sum divided by 10.) The result is the mean 
pressure on the piston per square inch. Thus: 


Area of piston x mean pressure » speed of piston in feet 


33,000 
The indicator diagram 1s an open book, which 
shows as Clearly what is going on within the 
cylinder as the stethoscope reveals the condition 
of the lungs. Abnormal cards show whether 
the exhaust opens tvo soon or too late, or closes 
too soon or too late, and much more. 

The brake horse-power, or B.H.P. is measured 
with a dynamometer, as in 859; this particular 
form is known as a rope brake, and is applied to 
the flywheel of the engine. The weight W is 
adjusted to suit the load, and the B.H.P. is 
found by multiplying the weight by the circum- 
ference of the rope circle, and by the speed of 
the wheel in revolutions per minute, and 
dividing by 33,000. The difference between 
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the 1.H.P. and B.H.P. represents the friction 
losses in the engine, the relation 
B.H.P. x 100 
1.H.P. 

gives the efficiency per cent., which may vary 
from 75 per cent. to 95 per cent., according to 
the class of engine and accuracy of construction. 

Engines are tested for steam consumption in 
connection with steam boilers. ater is 
measured into the boilers before and during 
test, and the residue measured afterwards. 
From these figures the amount of steam used 
over a prescribed time may be easily obtained, 
and reduced to pounds per I.H.P. per hour; 
the usual result is 18 Ib. to 22 lb. for com- 
pound and triple-expansion engines, 25 |b. to 
30 Ib. for condensing engines, and 35 |b. to 
40 Ib. for ordinary non-condensing engines. 
Better figures are frequently obtained, but the 
above represents good average practice. Gas 
and oil engines are tested in a similar manner to 
steam engines for indicated and brake horse- 
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power, the efficiency being about 85 per cent. 
Gas consumption is stated in cubie feet per L.H.P., 
and can casily be measured on the meter for any 
given period ; 15 cubie ft. to 25 cubic ft. of town 
gas is usual. Oil consumption for oil engines 1s 
reckoned in pounds per LH P., 
the ordinary results being from 
} lb. to 1 ‘bh. per LHP, 
according to size of engine and class of oil. 
Suction gas engines are tested also for fuel 
consumption, as they are part of a complete 
gas plant; the LHP. is taken at intervals, and 
the fuel consumption noted for a given time. 
An average result with a good plant is 1 Ib. 
of coal per horse-power hour. 

Testing of Electrical Machinery. 
Tests to determine the power required by electri- 
cally-driven machinery are made by measuring 
with an ammeter and a voltmeter the electrical 
horse-power rate of working. If those instru- 
ments are not permanently fitted to each motor, 
the arrangement shown in 360 for insertin 
portable instruments at the motor switchboar 
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may be provided. Wl W2 are the cables 
entering and leaving the terminals of the + main 
fuse F. Terminals, with milled nuts, Tl, T2, 
are connected by wires W3, W4. When a reading 
is required, the terminals of a portable moving- 
coil type ammeter are connected across T1, T2. 

When this connection has been made, tho fuse 
F is removed, and the ammeter will then read 
the current passing to the motor. When the 
reading has been obtained the fuse is replaced, 
and the instrument may then be taken out, care 
being, of course, observed to use insulated tools, 
to prevent the risk of shock to the operator. 
The voltmeter is also connected as shown, being 
attached to both + and — cables. It is thus 
unnecessary to stop the motor to insert or 
remove the ammeter. An “efficiency curve” 
should always be supplied by the makers of the 
motor, showing its efficiency at various loads. 
The B.H.P. being delivered to the machine 
can then be calculated. 

Thus, supposing the motor input to be 32°6 
amperes at 230 volts, and that to be the full 
load rating of the motor: 

€ AT --4 € 

eee = 10 E.H.P. = input to motor. 

Tho efficiency curve showing 86 per cent. at 
full load, we deduct 14 per cent. inefficiency 
loss, and get: 

10 E.H.P. —- 14 =86 B.H.P., 
output to the driving of the machinery. 

We also get the approximate mechanical 
efficiency of the machinery driven. The machine 
is first run unloaded, and a reading obtained, 
say, 4 E.H.P., then: 

Efficiency of motor at 4 h.-p. = say, 75 per 
cent., then B.H.P. = 3. 

Full load.of machine takes 8°6 B.H.P. Then 

: _— ee. 56x 100 
8:6-3= 5 G 
== 65 per cent. mechanical efficiency. 

Horse-power @ Rating of Motors. The 
horse-power that can be obtained from a motor 
depends upon its speed and the current which 
it takes. As the load upon it is increased, the 
current rises and the speed of the motor falls 
slightly in a shunt or compound, or more 
markedly in a series-wound motor. The limit 
of safe load depends chiefly on the heating up of 
the field and armature coils in a series motor, 
or the armature windings in a shunt motor, 
which must not be so great as to overheat the 
wires and damage their insulation. Thus, 
for motors running continuously a run of six 
hours at full Joad, or of 12 hours under variable 
load, should not raise the temperature of their 
windings more than 60° F. Motors for inter- 
mittent work, however, where the load is in 
regular alternations of light and heavy value, 
as in rolling mills, shears, etc., may be worked at 
higher rates; while for such work as that of 
cranes, nowung machinery, capstans, etc., where 
load is followed by rest periods, a temperature rise 
of 75° F. after six hours full load test, or 90° F. 
after six hours under working conditions, may 
be allowed. These tests are taken immediately 





the motor is stopped, by laying thermometers, 
covered over by dry cotton-waste, upon the field 
and armature windings, and noting how far 
the mercury rises, having previously noted the 
temperature of surrounding air. 

Cost of Power. In the absence of an 
“energy meter,” an idea of the cost of running 
the motor may be obtained. Take a number of 
readings, say every 15 minutes for an hour or 
two when the motor is doing a normal load, by 
the ammeter and voltmeter. Then take the 
mean of each and reduce to watts. Thus, 
supposing the mean reading over two hours to be 
32°5 amperes, 230 volts. Then 

32°5 x 230 = 7475 watts or 7°475 kw. 
Kw. x time x price per unit = cost of power. 
Thus, with power, say 1°5d. per unit, in above: 
7475 x 2 x 15 = 22°425d., 
or 11‘2d. per hour, at the average load of motor. 

Insulation. A rough and ready insula- 
tion test for a motor is made by connecting a 
voltmeter momentarily first from the + brush 
to earth, and then from the — brush to earth 
while the motor is running. If the insulation 
is good there should be no reading. If there is a 
reading, either + or — side exceeding 3 per cent. 
of the working voltage, the motor should bo 
carefully examined, and it and the circuits 
tested with propor instruments until the faulty 
spot is located and repairs effected. Faults 
in the insulation do not simply mean small 
leakages and waste of current. The chief danger 
is that once started they rapidly develop until 
complete breakdown occurs, and the motor has 
to stop, also because sparking and arcing take 
place at the point of failure and may result 
in fires or othor damage, and persons handling 
the machinery may rec-ive electric shocks. 

Testing-rooms. In a modern works the 
testing-house is completely equipped with ap- 
pliancer for ensuring accuracy, and is a great 
advance on the testing done in the workshops. 
A brief notice of the testing-room [861] of Messrs. 
Belliss & Morcom, Ltd., makers of high-speed 
engines, will give an idea of what the equipment 
involves. It is a large building, served by several 
electric travelling cranes. Massive cast-iron 
slabs are let into the floor on which engines to be 
tested are bolted. Steam and exhaust pipes are 
laid down from which connections are made. 
They are arranged with shut-off valves at inter- 
vals, so that an engine can be connected and 
disconnected without interfering with any other 
engine under test. Four Babcock and Wilcox 
boilers supply steam at 250 lb. pressure per square 
inch. There are several condensing plants. A 
system of tanks is provided for measuring or 
weighing the water used by the engines. A 
number of Crosby indicators are employed. 
Electrical instruments form a large portion of 
the equipment. Switches and instruments with 
wire frame and water resistances enable currents 
and voltages to be measured up to 1,000 electrical 
horse-power, for both continuous and alternat- 
ing currents. The men who make the teste do 
nothing else, becoming specialists in this work. 


Workshop Practice concluded, followed by 
TooLs 
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By R. LAING 


TH E commodities in which it is the business of 
a bank to deal—money and credit—form 
the subject of a most important section in political 
cconomy, and, before discussing the functions 
and practice of a banker, a brief survey of 
their origin and development will not be out of 
lace. 

: Barter. Barter is the direct result of 
division of labour. In a community in which 
each individual wholly supplies his own needs 
no exchange of commodities is necessary ; 
but if A devotes his sole attention to the manu- 
facture of shoes, he will, in a very short time, 
completely satisfy his own want of footgear, 
and be possessed of a stock which is (to him) 
without value, while at the same time he is 
aware of a painful lack of the other necessities 
of existence. However, B, the hatter, C, the 
shirtmaker, D, the grower of corn, and their 
fellows, are in a like condition, and, after a certain 
amount of bargaining, cach rids himself of that 
which was to him superfluous and valueless, 
gaining in exchange that which is to him 
necessary and of, perhaps, great value. 

Tho operation of barter creates values in 
exchange, or prices, which are solely dependent 
on the current supply and demand. These 
two factors are, however, subject to several 
influences. For instance, they must be effective. 
The tramp may greatly desire the motor car of 
tho millionaire which passes him on a country 
road, but he cannot make his demand effective ; 
while the millionaire may strongly wish to 
be possessed of the tramp’s digestion, which, 
however, the latter cannot effectively supply. 
Prices, again, do not depend on utilitv, end 
vary greatly in differing circumstances The 
most extravagant amounts may be given for 
old curios, which, shipped to Greenland, would 
command little more then the price of mferior 


firewood. 


Defe-ts of Barter. Barter 1s at best but a 
clumsy m thod of exchange, in consequence of : 

1. The need of double coincidence—that A 
should desire shirts for shoes, and C shoes for 
shirts ; 

2. Exact settlement being almost impossible— 
if one shirt is worth two pairs of shoes and C 
has only need of one pair, no exchange is 
possible ; 

3. The ratios of value being practically in- 
numerable, causing immense difficulty in the 
settlement of each transaction. 

As a result, in every State whose commerce 
has obtained any measure of imyortance, a 
common medium of exchange has bean adopted. 

This medium is termed money, o1 currency, 
and the functions it performs are three in 
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number: (1) It is a measure of values ; (2) it is 
a medium of exchange ; and (3) it is a standard 
for deferred payments, 

As 1 it reduces the ratios of value to the 
number of commodities for sale, less one— 
itself. As 2 it a i entirely of tho necessity 
for double coincidence and of the difficulty of 
settlement, while as 3 it enables the payment 
in the future of debts now incurred to be 
carried out with justice to both parties. Sup- 
posing a 5 per cent. loan to be made for a yoar 
m the form of 100 hats, but that during the 
year hats become very much loss difficult of 
manufacture. The labour embodied in one 
hat has been reduced to, say, half of that 
formerly represented by it, while that necessary 
for the manufacture of other commodities has 
remained stationary. In consoquence, one hat 
only exchanges for one-half of the commoditics 
it was worth before, and the lender will not 
be satisfied with the return of 105 hats at the 
end of the year, but will a»k for 210. Tho 
commodity chosen as money requires at all 
times to possess as far as possible an equal 
purchasing power. 

Upon the greater or lesser degree in which the 
commodity chosen as money possesses tho 
following essentials depends the efficiency of 
its performance of the foregoing functions: 

(a) Utility and intrinsic value. 

(b) Convenience in size and weight. 

(c) Indestructibility. 

(d) Equal sizes and weights to possess 
always the same value. 

(e) Divisibility without loss of values. 

({) Stability of value. 

(g) Ease in recognition by all. 


It hes been found that the metals, more 
especially gold and silver, possess in the greatest 
measure the essentials mentioned above, while 
the Static, in accordance with almost universal 
custom, gives to the public by s system of 
coinage a guarantee of weight, fineness, and 
value. In doing so three courses are open 
to it: all metal may be coined free of charge ; 
« slight charge equal to expenses may be mudo ; 
or a large profit may be obtained by the issue 
of a debased or a token coinage. 

Standard and Token Money. In 
every coinage what is termed o standard coin, 
or coins, will be found—that is, the unit or its 
divisions, by which all values are reckoned, 
the standard coins of this country being the 
sovereign and half-sovereign. These two coins 
are Legal Tender for any amount—t.e., they 
must be accepted in payment of debt, however 
large the sum in question may be. Retail 
transactions require, however, coins of smaller 
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value, and, as further division would result in 
inconveniently smell gold coins, recoufse is had 
(in this country) to the issue of silver and bronze 
tokens, which ere not regarded as divisions of 
the standard unit, but act as it were as counters 
in place of these, occupying very much the 
same position to the standard coin that the 
beans of card-players, desirous of obtaining the 
excitement of playing for seemingly large sums, 
do to the pence for which, perhaps, a score of 
them afterwards exchange. Both silver and 
bronze coins issued by the Mint come within 
the third class, and both are only legal tender 
to = limited extent—£2 and 1s. respectively. 

In the establishment of a system of coinage 
it is by no means necessary that the State should 
confine its standard coins to one metal, but 
may enact that coins of different substances 
may circulate side by side, either at a fixed 
or at a varying ratio, and be equally available 
as legal tender. The double standard has 
been brought prominently before the public 
hy the advocates of bimetallism. 


Credit. Credit may be briefly described 
as a commercial lubricator, its absence having 
the same effect on commerce as the omission 
to apply the oil-can has on the powers of an 
express locomotive. It is not materiel wealth, 
but rather a transfer of it—e.g., the existing mass 
of material wealth is not increased when a 
merchant hands over certain goods to another 
in exchange for a promise to pay at a future 
date. Credit allows material wealth to be 
employed to better advantage, and may release 
for the actual production of commodities that 
which was formerly cngeged rolely in their 
exchange. The edvent of commerce having 
established in turn barter and coined money, 
its progress creates a growth of credit, and 
credit substitutes for coined money, until, as 
in this country, the transactions which are 
carried through by their agency far exceed in 
amount those in which the older mcdium is 
still used. 

With their introduction, a new factor came 
into being. A seller who receives in settlement 
so many sovereigns will be quite assured that 
he can at any time exchange these for whatever 
he may desire, but he who takes in payment a 
paper promising to pay three months hence 

ows that ere that time comes the paper may 
be valueless, and, consequently, before taking 
it, he satisfies himself as to the stability and 
reputation of his debtor. 


Credit Movements, In the course of 
business each merchant will usually become 
liable for a large sum, for the payment of which 
(although his assets may greatly exceed his 
liabilities) he is dependent on the due settlement 
of similar accounts owing to himself by other 
traders. The banks will also be due enormous 
amounts to their depositors, most of which has 
been lent out at interest. In the ordinary 
course of events all will go well; but from time 
to time & suspicion may arise, cither rightly or 
wrongly, regarding one or more merchants, who, 
in combating it, will be called upon to prove 
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their solvency by the payment of their liabilities. 
They may be able to do so by drawing upon 
their bank balances, or by erranging fresh 
loans ; but, on the other hend, the matter me 
go further. Suspicion continues to s aad 
failures occur, universal] distrust arises, and each 
one, fearful lest he may be the next called upon 
to establish his stability, takes precautions and 
endeavours to raise from his banker the amounts 
he deems requisite. The latter, however, is 
just then seeing his deposits diminishing, his 
reserves of coin disappearing (to make up the 
increased amount of moncy required for use), 
and finding that his securities are unsaleable 
and the debts due to him unrealisable. In 
short, unless confidence is restored, or a remedy 
found, a financial panic is imminent. The 
remedy for this country is dealt with later in 
connection with the Bank of England Discount 
Rate. 

Credit Cycles. The recurrence of such 
crises as the above occur at well-marked intervals. 
The bank reserves of a country may be high, 
universal confidence is felt, interest is low, 
loans can be obtained without difficulty—“ money 
is casy.” An element of speculation creeps in 
—cencouraged, perhaps, by the anxiety of banks 
to lend their surplus funds—and repidly spreads, 
until one day some speculators cannot meet 
their engagements; suspicion soon becomes 
rampant, and a panic results. 


We have now to consider the various forms 
of Credit Documents. The substitutes for 
coined money divide themselves into five classes : 
(1) Note Issues ; (2) Cheques, drafts, etc., payable 
on demand ; (3) Currency Bills ; (4) Book credit ; 
(5) Clearing Houses. 


Note Issues. Notes fulfil in a greater 
measure than any of the other substitutes the 
functions of money, being in & manner a con- 
venient form of large token money. The 
methods of issue are many and varied: they 
may be either convertible or inconvertible, 
issued by the Stafe or by certain privileged 
institutions, with or without restrictions. 

What are known as Convertible Notes take the 
form of a promise to pay the bearer on demand 
® certain sum in standard coin, and against 
Such issues an amount in coined money is held 
as a reserve. If the issue is unrestricted this 
amount will not equal the total issue, but will 
only represent that proportion which experience 
shows is necessary to meet possible demands in 
the ordinary course of business. 

Inconvertible Notes ase simply circulating 
IO U’s with a safety margin, no obligation 
being imposed on the amount mentioned on 
each note. They may be quite unobjectionable 
if certain precautions are observed, but in every 
case they possess a dangerous tendency to over- 
issue. They are invariably the result and sign 
of Governmental financial difficulty, the odium 
of fresh taxation being avoided by the receipt 
of the forced loan obtained through their 
issue. The results of inconvertible notes issued 
to excess are dealt with in a succeeding para- 


graph. 


-Regulations ae to Note Issues. The 
regulations imposed by the State on the issuers 
of convertible notes may remain unaltered even 
although the notes are made inconvertible, 
the only difference being that the obligation 
to pay in stendard money on demand is deleted. 
The issue of each class may be limited to a 
certain amount, a minimum reserve may be 
stipulated for, or a reserve varying with the 
issue may be required. The reserve may be 
partly composed of securities, while the limit of 
issue, if any, may perhaps be exceeded on 
payment of a certain penalty. 

If through certain circumstances there exists 
in any country a good and a bad currency side 
by side, in the course of time the former will 
disappear and the latter become the sole money 
in use. The explanation is not a difficult one if 
it is borne in mind that the coins of one country 
when exported are only worth what they will 
fetch as bullion. No one would, for instance, 
export our silver token coinage to France so 
long »s twenty shillings (which, when coined, 
can. be exchanged for one sovereign) are only 
worth «bout half-a-sovereign when melted down. 
The coins chosen for export are those of the 
fullest weight and of the greatest value; the 
inferior ones being again issued, to circulate by 
force of law at a rate above their intrinsic value. 

If the convertible issues of any country are 
beyond what are essential, they will be cancelled 
by being returned for payment to the imsuing 
banks by the other institutions into whose 
hands they come. No such exncellation is 
possible in the case of inconvertible notes, 
which continue to circulate until they can be 
used by some debtor of the issucr in payment of 
his debt. 

Provided they can be readily exchanged for 
their face value in gold, no great harm can be 
seid to be done, and if a large issue is made 
without this exchange becoming impossible, it 
follows that the currency was formerly insufli- 
cient for requirements. An increase of incon- 
vertible notes, without depreciation, results in a 
rise in prices, and as the notes are readily ex- 
changeable for their face value in gold, encourages 
imports from foreign countries. At the same 
time exports will be discouraged-—goods which, 
owing to the rise in raw materials, are now more 
costly of manufacture commanding abroad but 
the same price as before. This encouragement of 
imports and handicap to exports (which will also 
be brought about by an excess of purely metallic 
currency) results in an unfavourable exchange 
and a probable export of bullion. We shall 
refer to this later under Gold Points. 

Additional Effect of Oversisaue. If 
the inconvertible notes are, however, issued 
to excess, they will become depreciated in value 
and will no longer exchange for their face value in 
metal. Almost every country furnishes examples 
of paper documents, which, while actively circu- 
lating, would exchange for only a fraction—- 
sometimes a most insignificant one—of the coin 
they were supposed to represent. By force of 
law, however, such paper is legal tonder in 
payment of any debt, and consequently no one 
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is 80 foolish as t® pay any sum in coin while he 
had so cheap a medium to his hand. As a result 
the whole of the transactions of the country are 
scttled in paper, which becomes the sole our- 
rency, the standard coins in circulation no longer 
fulfilling their function, being bought and sold 
with paper money as a commodity with a varying 
price. 

The amount of this credit money current at 
any time varies with the sum of the transac- 
tions which it is called upon to settle, while 
the cash reserves which act as a basis are 
quite insignificant when compared to the trans- 
actions which they support. A large increase 
or decrease in these can be settled by means 
of this elastic currency without variation in the 
general range of prices. 

Bills of Exchange. The characteristics 
of bills of exchange place them in a class midway 
between note issues and demand documents. 
Issued in a similar manner to the latter, they may 
pass through many hands before they become 
due—a practice that is referred to under the 
heading of the Continental Demand for London 
Paper. 

The form of credit known as book credit will 
be best explained by the example of two mer- 
chants—one in this country shipping British 
goods to an American correspondent, tho latter 
in return sending him American articles. The 
entries in the books balance each other, and 
obviate the use of currency in payment, limiting 
it ‘at most to the settlement of a periodical 
difference. 

The Clearing House system is specially 
adupted to the settlement of bargains in 
wholesale markets, Stock Exchanges, between 
railway companies, or by any body of traders 
whose number 1s small but whose transactions 
are many and large. The example which mostly 
concerns banking is that of the London Bankers’ 
(Iearing House, and an explanation of its opers- 
tion will sufficiently explain the effects of the 
whole system. 

The London Clearing House, originated by 
some private bankers, now includes nearly every 
important London bank, although even now 
some very large institutions (notably the Scotch 
banks) are still without the pale of its operations, 
and consequently clear through the agency of 
some other bank. Tho work of the Clearing 
House is divided into two sections—the country 
and the town clearing. 

Country Clearing. To trace the actual 
course of a document passing through this clear- 
ing will most readily show its working. A, @ 
Bristol merchant, posts to B, a trader in York, 
a cheque on Bristol which B hands to C, his 
banker, for collection on, say, Monday. The 
same evening C posts the cheque to his London 
clearing agent D, and on the following day it 
is handed to E, the London clearing agent of 
the Bristol bank (whose name appears on the 
cheque), by D at the Clearing House, and for- 
warded the same evening to Bristol, where it 1s 
received on Wednesday. If the document had 
been received on Tuesday by the Bristol banker 
(F), direct from the York banker (C), with 
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value, and, as further division would result in 
inconveniently smell gold coins, recourse is had 
(in this country) to the issue of silver and bronze 
tokens, which are not regerded as divisions of 
the standard unit, but act as it were as counters 
in place of these, occupying very much the 
same position to the standard coin that the 
beans of card-players, desirous of obtaining the 
excitement of playing for seemingly large sums, 
do to the pence for which, perhaps, a score of 
them afterwards exchange. Both silver and 
bronze coins issued by the Mint come within 
the third class, and both are only legal tender 
to e limited extent—£2 and Is. respectively. 

In the establishment of a system of coinage 
it is by no means necessary that the State should 
confine its standard coins to one metal, but 
may enact that coins of different substances 
may circulate side by side, either at a fixed 
or at a varying ratio, and be cqually available 
ns legal tender. The double standard has 
been brought prominently before the public 
hy the advocates of bimetallism. 


Credit. Credit may be briefly described 
as a commercial lubricator, its absence having 
the same effect on commerce as the omission 
to apply the oil-can has on the powers of an 
express locomotive. It is not material wealth, 
but rather a transfer of it—e.g., the existing mass 
of material wealth is not increased when 4 
merchant hands over certain goods to another 
in exchange for a promise to pay at a future 
date. Credit allows material wealth to be 
employed to better advantage, and may release 
for the actual production of commodities that 
which was formerly engeged rolely in their 
exchange. The advent of commerce having 
established in turn barter and coined money, 
its progress creates a growth of credit, and 
credit substitutes for coined money, until, as 
in this country, the transactions which are 
carried through by their agency far excced in 
amount those in which the older medium is 
still used. 

With their introduction, a new factor came 
into being. A seller who receives in settlement 
s0 many sovereigns will be quite assured that 
he can at any time exchange these for whatever 
he may desire, but he who takes in payment a 
paper promising to pay three months hence 

ows that ere that time comes the paper may 
be valueless, and, consequently, before takin 
it, he satisfies himself as to the stability an 
reputation of his debtor. 


Credit Movements. In the course of 
business each merchant will usually become 
liable for a large sum, for the payment of which 
(although his assets may greatly exceed his 
liabilities) he is dependent on the due settlement 
of similar accounts owing to himself by other 
traders. The banks will also be due enormous 
amounts to their depositors, most of which has 
been lent out at interest. In the ordinary 
course of events all will go well; but from time 
to time a suspicion may arise, either rightly or 
wrongly, regarding one or more merchants, who, 
in combating it, will be called upon to prove 
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their solvency by the payment of their liabilities. 
They may be able to do so by drawing upon 
their bank balances, or by arranging fresh 
loans ; but, on the other hand, the matter wt 
go further. Suspicion continues to spread, 
failures occur, universal distrust arises, and. each 
one, feerful lest he may be the next called upon 
to establish his stability, takes precautions and 
endeavours to raise from his banker the amounts 
he deems requisite. The latter, however, is 
just then seeing his deposits diminishing, his 
reserves of coin disappearing (to make up the 
increased amount of moncy required for use), 
and finding that his securities are unsaleable 
and the debts due to him unrealisable. In 
short, unless confidence is restored, or a remedy 
found, a finencial panic is imminent. The 
remedy for this country is dealt with later in 
connection with the Bank of England Discount 
Rate. 

Credit Cycles. The recurrence of such 
crises as the above occur at well-marked intervals. 
The hank reserves of a country may be high, 
universal confidence is felt, interest is low, 
loans can be obtained without difficulty—“ money 
is easy.” An element of speculation creeps in 
—encouraged, perhaps, by the oy of banks 
to lend their surplus funds—and rapidly spreads, 
until one day some speculators cannot meet 
their engagements; suspicion soon becomes 
rampant, and a panic results. 


We have now to consider the various forms 
of Credit Documents. The substitutes for 
coined money divide themselves into five classes : 
(1) Note Issues ; (2) Cheques, drafts, ctc., payable 
on demand ; (3) Currency Bills ; (4) Book credit ; 
(5) Clearing Houses. 


Note Issues. Notes fulfil in a greater 
measure than any of the other substitutes tho 
functions of money, being in a manner a con- 
venient form of large token money. The 
methods of issuo are many and varicd: they 
may be either convertible or inconvertible, 
issued by the Stafe or by certain privileged 
institutions, with or without restrictions. 

What are known as Convertible Notes take the 
form of a promise to pay the bearer on demand 
a certain sum in standard coin, and against 
such issues an amount in coined money is held 
as a reserve. If the issue is unrestricted this 
amount will not equal the total issue, but will 
only represent that proportion which experience 
shows is necessary to meet possible demands in 
the ordinary course of business. 

Inconvertible Notes are simply circulating 
IO U’s with a sefety margin, no obligation 
being imposed on the amount mentioned on 
each note. They may be quite unobjectionable 
if certain precautions are observed, but in every 
case they possess a dangerous tendency to over- 
issue. They are invariably tho result and sign 
of Governmental financial difficulty, the odium 
of fresh taxation being avoided by the receipt 
of the forced loan obtained through their 
issue. The results of inconvertible notes issued 
to — are dealt with in a succeeding para- 
graph. 


-Regulations aa to Note Iasues. The 
regulations imposed by the State on the issuers 
of convertible notes may remain unaltered even 
although the notes are meade inconvertible, 
the only difference being that the obligation 
to pay in standard money on demand is deleted. 
The issue of each class may be limited to a 
certain amount, &® minimum reserve may be 
stipulated for, or & reserve varying with the 
issue may be required. The reserve may be 
partly composed of securities, while the limit of 
issue, if any, may perhaps be exceeded on 
payment of a certain penalty. 

If through certain circumstances there exists 
in any country a good and a bad currency side 
by side, in the course of time the former will 
disappear and the latter become the solo money 
in use. The oxplanstion is not a difficult one if 
it is borne in mind that the coins of one country 
when exported are only worth what they will 
fetch as bullion. No one would, for instance, 
export our silver token coinage to France so 
long ss twenty shillings (which, when coined, 
can be exchanged for one sovereign) are only 
worth bout half-a-sovereign when melted down. 
The coins chosen for export are those of the 
fullest weight and of the greatest value; the 
inferior ones being again issued, to cireulato by 
force of law at a rate above their intrinsic value. 

If the convertible issues of any country ar* 
beyond what are casential, they will be cancelled 
by being returned for payment to the issuing 
banks by the other institutions into whose 
hands they come. No such cencellation is 
possible in the case of inconvertible notes, 
which continue to circulate until they can be 
used by some debtor of the issucr in payment of 
his debt. 

Provided they can he readily exchanged for 
their face valuc in gold, no great harm can be 
seid to be done, and if a large issue is made 
without this exchange becoming impossible, it 
follows that the currency was formerly insuffi- 
cient fur requirements. An increase of incon- 
vertible notes, without depreciation, results in a 
rise in prices, and as the notes are readily ex- 
changeable for their face value in gold, encourages 
imports from foreign countrics. At the same 
time exports will be discouraged—-goods which, 
owing to the rise in raw materials, are now more 
costly of manufacture commanding abroad but 
the same price as before. This encouragement of 
imports and handicap to exports (which will also 
be brought about by an excess of purely metallic 
currency) results in an unfavourable exchange 
and a probable export of bullion. We rhall 
refer to this later under Gold Pointe. 

Additional Effect of Oversiasue. If 
the inconvertible notes are, however, issued 
to excess, they will become depreciated in value 
and will no longer exchange for their face value in 
metal. Almost every country furnishes examples 
of paper documents, which, while actively circu- 
lating, would exchange for only a fraction—- 
sometimes a most insignificant one-—of the coin 
they were supposed to represent. By force of 
law, however, such paper is legal tonder in 
payment of any debt, and consequently no one 
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is so foolish as t® pay any sum in coin while he 
had so cheap a bape to his hand. As a result 
the whole of the transactions of the country are 
settled in paper, which becomes the sole our- 
roncy. the standard coins in circulation no longer 
fulfilling their function, being bought and sold 
with paper money as a commodity with a varying 
price. 

The amount of this credit money current at. 
any time varies with the sum of the transac- 
tions which it is called upon to settle, while 
the cash reserves which act as a basis are 
quite insignificant when compared to the trans- 
actions which they support. A large increase 
or decrease in these can be settled by means 
of this elastic currency without variation in the 
general range of prices. 

Bills of Exchange. The characteristics 
of bills of exchange place them in a class midway 
between note issues and demand documents. 
Issued in a similar manner to the latter, they may 
pass through many hands before they become 
due—a practice that is referred to under the 
heading of the Continental Demand for London 
Paper. 

The form of credit known as book credit will 
be best explained by the example of two mer- 
chants—one in this country shipping British 
goods to an American correspondent, tho latter 
in return sending him American articles. The 
entries in the books balance each other, and 
obviate the use of currency in payment, limiting 
It ‘at most to tho settlement of a periodical 
difference. 

The Clearing House system is specially 
adapted to the settlement of bargains in 
wholesale markets, Stock Exchanges, between 
railway companies, or by any body of traders 
whose number 1s small but whoxe transactions 
are many and large. ‘The example which mostly 
concerns ban ing is that of the London Bankers’ 
Clearing House, and an explanation of its opera- 
tion will sufficiently explain the effects of the 
whole system. 

The London Clearing House, originated by 
some private bankers, now includes nearly every 
important London bank, although even now 
some very large institutions (notably the Scotch 
banks) are still without the pale of its operations, 
and consequently clear through the agency of 
some other bank. The work of the Clearing 
House is divided into two sections—the country 
and the town clearing. 

Country Clearing. ‘To trace the aotual 
course of a document passing through this clear- 
ing will most readily show its working. A, @ 
Bristol merchant, posts to B, a trader in York, 
a cheque on Bristol which B hands to C, his 
banker, for collection on, say, Monday. The 
same evening C posts the cheque to his London 
clearing agent D, and on the following day it 
is handed to EK, the London clearing agent of 
the Bristol bank (whose name appears on the 
cheque), by D at the Clearing House, and for- 
warded the same evening to Bristol, where it 1s 
received on Wednesday. If the document had 
been received on Tuesday by the Bristol banker 
(F), direct from the York banker (C), with 
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instructions to remit the amouzit, he would pos- 
sess at law the option of holding over the cheque 
until the following day, Wednesday. In order 
that 1 cheque passed through the London Clear- 
ing House may be placed on an equality, this 
option is, by the clearing rules, not permissible 
with cheques passed through the clearing. If 
unpaid on Wednesday, F returns the cheque 
direct to C, and sends concurrently to E an 
advice of non-payment. If on Thursday 
morning this is not received by E, the cheque is 
assumed to be paid, and the amount is paid by 
being carried into the town clearing of that day, 
the operations and settlement of which are dealt 
with in the next paragraph. The necessary entries 
are passed by the banks concerned through their 
agency accounts, and the transaction is settled 
without the intervention of # single coin. 
Town Clearing. To deal with the 
clearing a seperate department is formed in 
each clearing bank, and to this department is 
handed all documents which can be passed 
through the Clearing House. These they enter 
under the headings of the other clearing banks, 
the total received during the day being after- 
wards agreed with the other departments. 
After being thus entered, the documents are 
forwarded by messenger to the Clearing House 
in Post Office Court, and there handed to the 
representative of the bank on whom they are 
drawn, and by him entered in a similar manner. 
At the close of the day the books written up at 
the offices of the delivering banks are com- 
ared with those made up at the Clearing House 
y the representatives of the receiving banks. 

-When the various balances have been agreed 
and any returned documents from head offices 
accounted for, the representative of each bank 
enters on a form provided the balances due to 
or by his bank to each of the others, bringing out 
the final balance either due to or by it. The final 
balances thus arrived at must liquidate each 
other. Each clearing bank keeps en account 
at the Bank of England, and ao settlement is 
accomplished by the debtor banks paying into 
& special settlement account «t the benk from 
their own accounts the emounts due by them, 
and from this account the sums due to the creditor 
banks are taken and credited to their accounts 
by the bank. In this way the settlement of 
transactions to the extent of £12,287,935,000 
was in 1905 effected without the agency of a 
solitary penny piece. The offices, cheques drawn 
on which are included in the town clearing, com- 
prise the head offices, the City branches, and 
most of the suburban ones. 

Internal Trade. The natural advance 
of commerce in any country results in the 
territorial division of labour, some counties, 
by reason of natural resources, devoting them- 
selves to those industries in which the expendi- 
ture of a large capital is necessary, while that 
required for ‘has ier ee to other parts may be 
comparatively small. Assuming an equal rate of 
profit in either case, it will be found that while 
in the second class the resulting surplus cannot 
be employed in the place of origin, the first class, 
so far from being in this position, can actually 
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utilise the surplus of the second. In addition 
to the consequent constant flow of capital from 
one part of the country to another the actual 
trading business may, in certain instances, have 
a somewhat similar effect. For example, a 
manufacturing town (whose productions are 
exported to foreign countries) pu.chasing the 
raw materials required in some other part of 
the country, will be constantly in debt to that 
locality from which it draws its raw materials. 
The methods by which the necessary transfers 
are made will be treated when de:.ling with 
the Branch System. 

International Exchange. The factors 
in the trade between any two countries, and 
the methods of settlement, present a greater 
complexity than those relative to internal trade. 
At the outset we find that in nearly every case 
the currencies employed are dissimilar, and that 
between two countries possessing the same 
standard there exists what is termed a Mint Par. 

This is a figure which represents the ratio 
between the amount or weight of fine metal 
contained in the standard coins of the two 
countries in question, the mint par between this 
country and France is 25°2215—simply meaning 
that in 25°2215 francs in French gold coinage 
there is contained the same amount of fine gold 
as in an English sovercign. A mint par is 
mechanical and fixed, and can only exist between 
countries possessing the same standard. 

There are four individu#ls in cach exchenge 
transxct'on. The truth of this phrase will 
be apparent from the following example. If 
A in Paris owes X in London £100, while Z 
in London owes B in Paris an equal amount, 
the double indebtedness will be cancelled by 
B drawing a bill on Z, which he sells to A 
for a certain number of francs, and which, after 
being remitted by the latter to X in payment 
of his debt, is paid on presentation by Z, who 
thus satisfies his debt to B through tho medium 
of Aand X. This is, in substance, the working 
principle of every foreign exchange transaction, 
the only possible difference being the increase 
of the parties intervening between Z and B. 

Gold Points. Assuming the indebtedness 
of the countries to be equal, the resulting 
equality of supply of, and demand for, bills will 
cause the sight rate to be quoted at the mint 
par. If, however, it occurs that in Paris there 
are more debtors than creditors of this country, 
the demand for bills will exceed the supply. 
Thoso indebted to London have two mathe 
of payment open to them—they may eithor 
remit bills purchased in Paris, or they may ship 
sufficient bullion to liquidate the debt. The 
latter course will entail a certain expense, say 
of 10-12 centimes per £; so that to put down in 
London 25°2215 francs in French gold coinage, 
equivalent to one sovereign, the merchant in 
Paris will expend 25:3215 or 25°3415 francs. 

He will certainly not do this if he can purchase 
a bill on London for £1 at a better rate, and 
accordingly the matter resolves iteelf into a 
struggle between buyers and sellers, in which 
the price of a bill for £1 on London (expressed in 
French francs) continues to rise until it reaches 


that point at which it is as profitable to ship 
bullion, unless in the rise a sufficient number of 
buyers drop out, hoping for a more seasonable 
opportunity, or a number of dealers in arbitrage 
[see later] enter the market as sellers. An excess 
of creditors of London in Paris would, of course, 
influence the exchange in the opposite direction. 

Gold Points not Fixed. The two gold 
points between two gold standard countries 
can only be determined approximately, the cost 
of shipping and insurance varying, while other 
influencing factors may exist. The point at 
which gold Jeaves France and Germany for this 
country is, owing to certain restraints exercised 
by them, less casily reached than that at which 
gold Jeaves us for them. 

If the rate of the French exchange should be 
quoted in the money column of the newspapers 
as approaching the point at which gold will leave 
this country for France, the City editor will no 
doubt remark upon its unfavourable aspect ; 
while, if the rate is given as 25:25, he will refer 
to it as being in our favour. These terms owe 
their origin to an exploded theory in political 
economy, but their present meaning and signifi- 
cance is wholly wrapped up in the fact that, when 
there is no danger of gold Jeaving this country 
reserves will be high, interest low, and trade 
encouraged ; while, if an export of bullion is 
threatened, an entirely opponite state of affairs 
will exist. The subject is further treated in dealing 
with the Bank of England Discount Rate. 

The main elements in ‘International In- 
debtedness”’ are the imports and exports between 
the countrics concerned, but in the case of 
nations such as ourselves, possessing a large 
amount of shipping, freights earned by such ship- 
ping affect very greatly the balance of trade. A 
British vessel transporting a cargo of machinery 
to Hamburg will, if the transaction is to be com- 
pletely settled, require on the return voyage to 
carry @ quantity of, say, grain, that will, when 
realised, liquidate the claim of the British engineer 
and the shipowncr’s charges for the double 
voyage. The vast sum of money invested abroad 
by this country possesses also a great influence 
on the exchanges. 

Effect of Loans on Exchanges. The 
lending country may remit to the borrowing 
country the amount of a Joan in one or all 
of three ways—either by the export of some 
products or bullion, or by the extinction of an 
already existing floating indebtedness. The 
effect on the exchange in each case will be exactly 
similar—it will become more favourable to the 
borrowing country ; but, on the other hand, when 
the first instalment of interest is due, and on 
each subsequent payment, the exchange will be 
influenced in favour of the lender. 

Other influencing factors comprise subsidies, 
indemnities, expenses of foreign travel, the cost of 
fleets and garrisons in foreign stations, and the 
purchase and sale of foreign securities. In addi- 
tion, one important factor remains—namely, 


the operations of arbitrage. If some dealers 
in exchange in Paris are of opinion that in the 
future the London sight rate will fall greatly, 
they will, by arrangement with their Tandon 
correspondents, sell largely bills drawn on the 
latter, hoping to be able to extinguish the over- 
drafts thus created by purchases at a cheaper rate. 
If an arbitrage firm are able to sell a bill for £1 
on London for 25°27 francs, and next week buy 
a bill for the same amount (to recoup their 
London friends) for 25:20 francs, they will have 
gained a profit of 7 centimes per £1, less interest, 
etc. In doing so, they will, in the first place, reduce 
the high rate by selling, and, secondly, raise the 
low rate by buying. 

Position of the Banker in Commerce. 
The functions of the banker in commerce are 
very much akin to those of tho mortar em- 
ployed in the construction of a large building, 
without which somewhat insignificant-looking 
agent the gigantic fabric would be non-existent, 
for in like manner the bank officials in_ this 
country, in the performance of what is largely 
commonplace routine, cement together the 
trading communities of the whole world. So 
great is the dependence of present-day commerce 
upon the facilities and conveniences afforded by 
banking institutions that even the total des- 
truction of our railways would not equal the 
effect produced by the complete cessation of 
banking business. Banking may be considered, 
according to the inclination of the individual, 
either a trade or a profession, but in reality tho 
former term is more correct, for, although not 
actually dealing with the products of commerce, 
the banker*trades in the commodities on which 
commerce is dependent—moncy and credit. 

Functions of a Banker. The most 
widely spread of banking functions is the 
practice of note issue. In all new countries 
—even though they be possessed of unrivalled 
natural resources—there is usually felt a lack 
of circulating medium. The expenditure of a 
Jarge amount of their available capital in the 
establishment of a system of metallic currency 
does not mect with any favour in their eyes, while 
at the same time the openir., of branch banks 
in a sparsely-populated cc ntry is rendered 
impossible on account of expense. To all such 
countrics a good note issuc, more especially a 
carefully-managed unrestricted one, is of the 
highest value, combining in itself at one and the 
same time an economical currency, a convenient 
form of internal remittance, and a factor in pro- 
duction which, although in itself valueless, may 
be the means of laying the basis of a far-reaching 
commercial greatness. [See Scotch Banking ] 

The system in vogue in France at the present 
day partakes of this form to a great extent, while 
that function which is most in evidence in bank- 
ing in this country (that of deposit) is com- 
pee neglected, the issues of the Bank of 

ance taking the place occupied in this country 
by the cheques of private individuals. 
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the Local Papers, Helpful Exercise, Preparing the Way for a Successful Career 


By ARTHUR MEE 


"THERE are many gates through which the 
candidate for journalism may enter the pro- 
fession. So simple is the pessing through them 
that the ways and means of doing so need only 
brief mention. They will be apparent to the 
young man destined for journalism, the young 
man of more than average capacity, and it is 
entirely with him that we have to deal. 


The First Thing to do. For journalism 
has no room for men whose mind and character 
are not above the average ; no room, at any 
rate, at the top. 

We have nothing to do here with tho 
young man who wants to muddle through. The 
SeLr-EpucaTorR is conccived and edited and 
written for the young man who Felieves that 
whatever he docs is worth doing successfully, 
that if he is not doing it successfully he had 
bettor loave it alone and succeed at something 
olse ; and this course of journalism is written for 
the young man who would he a journalist in 
earnest, who wishes to be somebody worth being, 
and to do something worth doing. 

To this young man, as he looks round on 
leaving school and makes up his mind to be a 
journalist, the course will be clear. Hé should get 
at once into touch with the nearest editor. 

The very obviousness of this is one of the most 
wonderful things about the career upon which 
he is entering. If he had made up his mind to 
be a doctor, or a lawyer, or an architect, and 
the SeLr-Epvucator had not come into existence 
to help him, he might have heen bewildered by 
the difficulty of obtaining the simplest informa- 
tion, the expense of examinations, and the long 
period of waiting. 

But it is safe to say that there is not a young 
man in England with the possibility of becoming 
a journalist into whose home there does not come 
at least once every week the very vehicle through 
which he may set out for his goal. We have dis- 
cussed the democracy of journalism, and there 
is no more remarkable thing about this fascinating 
career than this, that we can train ourselves for 
it in our own homes, in every day that we live; 
that wherever we are we may equip ourselves for 
it, without any conscious effort, by ordering our 
lives naturally and reasonably and well. No 
course at a college is necessary, no costly period 
of apprenticeship. The training of him who 
would be a journalist is in his own hands. 

The Study of Local Life. What, then, is 
the first thing that he should do? He should 
study the loca pare and. familiarise himself with 
the things with which they deal. He should 
make it his business to understand the village 
or town in which he lives, to let nothing 
happen in it of which he does not know; to 
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interest himself in all its social and industrial 
developments ; to be in touch, somehow, with 
all its active movements. He should lose no 
opportunity of discussing any subject of local 
interest. He should learn to understand the 
various points of view, the ideas that lie below 
things, to know the interesting personalities in 
local affairs, and what they stand for. The life 
of the town is the best training-ground he could 
possibly have, and by taking full advantage of 
the opportunities it affords, he will be living 
naturally and preparing himself at the same 
timo for his career. 

There are, of course, various definite prepara- 
tions that he should make. He will naturally 
have learned shorthand. Any koy of average 
intelligence can learn shorthand from the SELrF- 
Epvcator in six months. He will have thor- 
oughly grounded himesclf in grammar at schoo., 
have mastered the art of punctuation, have learne:! 
to write plainly and without flourishes. He will 
read books as well as papers, and will not waste 
the time he should spend in study in watching 
men kick a ball about. He will not turn to the 
sporting page the moment he takes up a paper, 
but will have a sense of the real value of things, 
and know that a consuming passion for sport is 
his enemy. 

What to Read and Learn. Such 
things as these must be obvious from the 
very keginning, and it will help him greatly 
to study the scientific and literary sections of 
the Srir-Epucator. He cannot, indeed, be too 
strongly advised to study this book closely, with 
special attention to the following subjects : 


BIOLOGY RELIGION IDEAS 
PsycHoLowy CHEMISTRY LITERATURE 
SocioLocgy GEOGRAPHY PuHysics 
Loic History PHYSIOLOGY 


PuHitosopHy APPLIED EDUCATION TRAVEL 


It need not be said that a sound knowledge of 
his own language is essential, and he will do well, 
even if he possesses this, to study the course on 
English in the Epucator. If he can learn 
French and German, too, he will add greatly to 
his opportunities ; at any rate he should learn 
French. The value of a knowledge of languages 
is so apparent that it is not necessary to emphasise 
it ; but it is strange that editors should feel more 
and more the necessity for emphasising the im- 

ortance of a knowledge of our own language. 

t is an amazing thing that the number of people 
who can write a sensible and interesting letter is 
only a small proportion of those who would be 
hurt not to be called educated ; and an editor’s 
experience compels him to believe that the 
average man finds it exceedingly difficult to 
express himself clearly in writing. It is a common- 


place that men whose conversation is ked 
with interest are often unreadably dull when 
writing, and the young journalist cannot regard 
this subject too seriously. It is the very essence 
of successful journalism that a man shall be 
intensely interested in things, and shall be able 
to make other people as interested in what he 
knows as he is himself. 

The Art of Expression. The question 
of “style” in writing can be left to settle 
itself. If a man does not write plainly he 
wil] soon discovor the fact by finding that 
journalism does not want him; and if he, a 
round man, insists upon trying to fit himself into 
a square holo he will be ontirely to blame for 
the consequences. We shall have to discuss this 
question later; it need only be touched upon 
here to explain how the journalist mav help 
himself to mastor the art of literary expression. 

He will find the best opportunities for doing ro 
in the local papers themselves. He is almost 
sure to find, wherever he is, one paper that gives 
long accounts and another paper that gives 
short accounts, and he will find it a very profit- 
able exercise to take the long account of a 
ceremony, or the long report of a speech, from’ tho 
one paper, and condense it to the length of the 
bhort report in the other paper. Let him take a 
column and condense it to a paragraph, without 
losing any vital point of argument, and with ai 
little sacrifice of interest as possible. He should 
learn, also, to summarise a speech in longhand, 
writing it as it is delivered, and for exercise of 
this kind he will find a knowledge of the abbro- 
viations used in journalism of great service. We 
come to them in the next few pages. 

The question of personal fitness for newspaper 
work will decide itself quickly for the young 
man who is sensible enough to realise his own 
capacities or honest enough to recognise his 
limitations. But it will save a great deal of dis- 
appointment if the candidate for journalism 
tests himself in some main pointe before seck- 
ing to enter the profession. There are some 
specific tests we may quite easily apply to 
ourselves. 

Object Lessons. We may make a 
newspaper an object-lesson—may ask ourselves 
if, had we edited the paper, we would have 
passed this or sanctioned that ? We may com- 
pare the length of two articles, and form our 
own opinion of their comparative values. We 
may consider the appropriateness of the 
headings, and ask ourselves if we could improve 
upon them. We may compare papers, and 
note where one succeeds and the other fails ; 
we may study them closely and discover for 
ourselves the reason why people buy one and not 
another. Best of all, we may prepare our own 
map of the life of the town on any given day or 
in any given week, and compare it with the corre- 
sponding daily or weekly paper. It is possible to 
obtain quite an intimate knowledge of the way 
in which newspapers deal with eventa by con- 
stant exercise of this kind. 

The lar practice of shorthand is essential, 
and no better method of practice can be devised 
than constant attendance at public gatherings 
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of all kinds. The young journalist should never 
fail to take advantage of an opportunity of 
making notes. His notebook and pencil should 
be as essential a part of his outdoor equipment 
as his hat. He should take down speeches and 
sermons, and it will be better still for him if he 
has opportunities of making notes of conversa- 
tions. If he has friends who are interested in his 
progress, they could, perhaps, do him no better 
service than to let him interview them on some 
topic in which he and they are interested. 

Early “Copy.” Another experience the 
young journalist may give himsolf will be very 
useful to him one day if he practisos it carly. 
Ho should learn to write exactly a column of 
his favourite newspaper, or exactly a paragraph. 
One of the mot olementary faults of incapable 
journalists is the inability to write as much as 
they are told to write, and no more. It is 
surprising to find that even qualified writers 
when asked for » 1,000 words will often write 
1,500, and if asked for a paragraph will write 
half a column. 

Every day will bring its own events for the 
journalistic mind to exercise itself upon. The 
things of universal interest are the things that 
the average man talks about, and the young 
journalist should write a short account every day 
of something he has heard, or seen, or perhaps 
read. He should make it his business to discover 
the most interesting aspect of all that happens. 

He will find, if he belongs to the cleot of 
journalism, that the thought will constantly 
come to him, “ Here is copy for a paper,” and 
at all such times he will make a note and write 
a paragraph. Those paragraphs he will submit 
to the editor of the paper in which he is most 
interested, to whose columns he has adapted 
them. There will in this way grow up between 
him and the editor a channel: of interest which 
will serve him better than any introduction when 
he comes to seek an actual engagement. 

In Touch with the Editor. He will 
find that the connoction thus established is the 
best of all possible introductions to a nowspaper, 
and he will find, if he lives with his eyes open, 
abundant opportunities of helping the paper by 
sending reports of events which it has missed 
through not being notified. If ho is identifiod 
with a church or chapel, with a trade organisa- 
tion, or with any social movement, occasions for 
giving the paper such help will be by no means 
few or far between. The time will probably 
come when, on a busy day, the editor will want 
special help, and his inclination will be at once 
to call upon his outside contributor. If he 
should live in the country he wuuld have no 
difficulty in obtaining an appointment as local 
correspondent at a fixed rate of pay measured 
by the work done, usually a penny a line for 
all that is published, with a minimum payment 
of half a crown. If he should live in the town 
where the paper is published he may have 
to wait longer, but an enthusiastic cultivation of 
opportunities will bring its reward at last. 

ardly a day passes in which it is not possible 
for a young man with the ability to write to 
send in an acceptable paragraph to a paper. 
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Education by Travel. The young 
journalist need not trouble about a university 
education. He need not despise it if the oppor- 
tunity should come to him, but if he should 
have the choice, say, of going to a university 
or of travelling for a year, he will be wise to 
travel. ‘‘ The only thing against him,” a news- 

per proprietor said in discussing an applicant 
Ao. a post, ‘is that he has been to a university. 
And it was merely an extreme way of putting 
the truth that a university career docs, unfor- 
tunately, too often detach a man from that side 
of life which comes very closely into journalism. 

The opportunities of popular education are so 
great in these days that no man need go to a 
university to become a successful journalist, 
and it is impossible that two years in any uni- 
versity can contribute to his capacity for 
journalism anything at all comparable in value 
with the result of two years of contact with mon 
and affairs, or two years of actual experience in a 
newspaper office. 

Having assured himself of his fitness for the 
work, the young journalist will not wait for an 
opportunity to prerent itself. He should writo 
to the local editor as soon as he feels that he 
has any real at Hasan to justify him. If he is 
fortunate, he will probably be asked to call and 
serve a little while on trial, preliminary to 
becoming an apprentice. He should accept a 
proposal of this kind with great satisfaction. 
Once the gate is open, his future lies with himself. 

But he should pay no premiums ; and in no cir- 
cumstances should he pay down a sum of money 
for the privilege of learning journalism. The offices 
in which this would be insisted upon are seldom 
capable of teaching journalism. Nor should he 
become—unless, perhaps, in some small town it 
may be quite inevitable—a “reporter-comp,” a 
reporter, that is, who sets up his own copy. 

Sleepy Papers. It may be well, perhaps, 
to prepare the young journalist for some dis- 
appointment in beginning his career. He may 
find himself on the staff of a paper which does 
not fire his imagination or fill him with an 
stirring hopes, and he may be inclined to on 
himself if, after all, journalism is the might 
thing that it is claimed to be. If he is wise, he will 
not allow himself to be depressed by any environ- 
ment in which he may find himself placed. It 
happens often that a newspaper is the least 
representative thing in the town in which it is 
produced ; just as it happens that a portrait is 
utterly unlike the man who sat before the camera. 
But a bad spiel eo is no more a denial of the 
imagination and power in journalism than a bad 
photograph is a denial of the possibilities of 
photography. 

The true attitude of a young journalist who is 
wide awake on a sleepy paper is one of philoso- 
a patience. He must use the best machine 

e can find for initiating himself into the mys- 
teries and difficulties and potentialities of a 
newspaper, and it may, indeed, happen that the 
very best field he could desire for his earliest 
work is just such a paper as we have con- 
sidered. If he is attached to a paper which 


works him hard and pays him il, that at least 
will teach him patience. If he joins @ staff 
which is far too small, that at least will give him 
opportunities of distinction. If he joins a staff 
which needs lessons in enterprise, that at least 
will enable him to display originality. 

The Young Journaliat’s Environ- 
ment. Itis unfortunately true that newspapers 
are often the commercial property of men who 
know nothing of journalism, who care nothing for 
its immense possibilities, its traditions, or its 
dignitios. To many proprietors a newspaper 15 
an article of commerce like soap, and nothing 
more. There are newspapers which send out 
ungrammatical advertisements every time they 
have a vacancy, and there are papers with a 
hundred glaring faults which we shall discuss 
in their place. But there are few ideal things 
in an unideal world, and only a pessimist will 
allow himself to be utterly depressed by it. And 
the pessimist has no business to be a journalist. 

As sometimes the office in which the journalist 
finds himeelf is disappointing, so, too, the atmo- 
sphere of local journalism may fill him with 
despair. Too often it is the atmosphere of a 
third-rate club, with beer and skittles and a 
favourite room at a public-house. There is 
something, perhaps, in the conditions of journal- 
ism which brings about this state of things. 
Long hours, irregular meals, strenuous mental 
exertion combined often with great physical 
activity, are not the natural factors in an equable 
and steady life. But the good journalist will rise 
above the vulgar conditions in which he will 
often find himself placed. He will not «allow 
either his pride in his calling or his outlock on 
life to be prejudiced because sometimes, ‘ome- 
how, it happens that newspaper men write their 
copy in the back parlour of a public-hous® and 
dissipate the hours of sleep in bad club: and 
bad company. 

The Unprosperous Tenth. General 
Booth has familiarised us with the idea of the 
submerged tenth. There is an unprosperous 
tenth in journalism, to which it is all too easy 
to belong. Who wants to join it may; it is a 
characterless army, with no high patriotism to 
inspire it, no great cause to serve. To it belong 
many figures sadly familiar in Fleet Strect, 
and in the newspaper haunts of our great towns. 
No profession, surely, had ever more failures. 

The young journalist, however, need not de- 
spair. There are sadder things in the world than 
the wreck of a man who has played with a serious 
profession. There are sadder things, even, than 
the man who fails because he chooses a career for 
which he is unfitted, who takes no heed of the 
warning which must come while still there is time. 

The young man who comes into journalism 
bearing in mind all that we have considered 
together, testing himself in the ways we have 
discussed, full of enthusiasm and hope, eager to 
pick up an idea, to catch a thought, to feel an 
inspiration, to know the most that he can know 
about the best things worth knowing, may go for- 
ward without fear. With « full mind and a soul 
alive he will make his way and reach his goal. 


Continued 
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By PERCIVAL SPENCER 


AS @ fish floata in the water so does a balloon 

float in the air. When the fish distends its 
air-bladder, it becomes lighter than the water, and 
rises ; when the fish compresses its bladder, it 
becomes heavier than the water, and _ sinks. 
When a balloon is inflated with a gas so that 
it is lighter than the air, it rises in tho air ; 
when it loses some of its gas and becomes heavier 
than the air, it sinks to the earth. 

Air at ordinary temperature weighs 75 lb. 
for 1,000 cubic ft. Hydrogen, coal gas, and hot 
air, are all lighter than the ordinary atmosphere, 
and are used for the purpose of inflating balloons. 
Hydrogen weighs only 5 lb. for a similar quan- 
tity, and is so light that there cannot be much 
advantage for the purpose of balloon inflation 
in discovering anything lighter, for the litting 
power of hydrogen in air is 70 Ib. per 1,000 cubic 
ft. For economical reasons coal gas is now 
largely used for ballooning purposes. It han a 
lifting power of 40 Ib. per 1,000 cubic ft. 

The system of obtaining levity by means of 
heating the air itself is. practically successful, 
although it is considerably less efficient than 
the gases already mentioned. For each degree 
Fahrenheit that the air in a balloon is rai.ed, 
it increases ,},; in bulk, so that should the 
temperature be raised 100 degrees the bulk has 
increased about one-fifth, and has a lifting power 
of 12} lb. per 1,000 cubic ft. In practice it 
may be possible to raise the tempcrature to 
150 or 200 deg-ees higher than the surrounding 
air, 80 that a lifting power of 25 lb. per 1,000 
cubic ft. may be obtained. 

To lift 70 lb. weight in air a sphere of 
1,000 cubic ft. of hydrogen is required 12 ft. 
in diameter. 

Materials for Balloons. The whole 
bulk of the inflated balloon and ita load must 
be lighter than an equal bulk of air. The 
simplest form of balloon that can be imagined 
is the soap bubble. Experiments may eanily 
be made with soap bubbles inflated with ordina: 
air, or with coal gas, or pure hydrogen. Small 
scientific balloons are sometimes made of a 
dry film of collcdion, most delicate and fragile 
articles of 2 in. or 3 in. diameter which ascend 
when inflated with their quota of coal gas 
or hydrogen. Indiarubber toy balloons are 
made in sizes up to 60 in. in circumference. 
They may be inflated under tension with air, 
coal gas, or hydrogen, and are suitable for 
experimental as well as recreative purposes. 

Paper Fire Balloons. Tissue paper is 
used to construct balloons of from 3 ft. to 50 ft. 
in circumference on the hot-air system. A large 
aperture is left at the bottom of the balloon, 
surrounded with a circle of cane or wire. A pad 


of cotton wadding is attached in the centre of 
this circle by means of cross wires. When this 
pad is soaked with methylated spirit and ignited, 
a flame of sufficient power is formed to heat and 
rarefy the air in the balloon to such an extent 
that the balloon readily ascends and, in the case 
of the larger sizes, is capable of carrying con- 
siderable weight. 
Gold-beater’s-:aKin Balloons. Gold- 
heater’s skin forms the substance of which the 
most practical model gas balloons are made. 
This animal membrane makes a strong, light, 
and gastight envelope which is casily inflated 
with ordinary coal gas or hydrogen at the 
ordinary atmospheric pressure. The skin is 
uscd single for the very smallest balloons, for 
tho:e of from 12 in. to 24in. diameter. For larger 
sizes the skins are employed double. treble, or 
manifold. and are caused to adhere in the process 
of manufacture in such a manner that tho whole 
balloon appears seamless, howevor large and 
thick it may be. Double and treble skin balloons 
are made from 2 ft. to 10 ft. in diameter for use 
with cual gas or hydrogen, and in larger sizes 
they are used in manifold skin by the British 
Government for military reconnoitring purposes. 
Passenger Balloons. The materials, 
however, which are usually used for balloons to 
carry passengers are cotton or silken fabric coated 
with an oil varnish which forms a film over tho 
fabric and thereby completely closes the pores 
and enables the envelope to hold gas. A proofing 
of vulcanised indiarubber is sometimes used ; this 
is gastight, and free from tackiness, but somewhat 
costly. The varnished fabric is gonerally preferred 
owing to the fact that another coat of varnish is 
easily applied when nevded, and renders the 
balloon again perfectly gastight. The network 
which is spread over the gas balloon naturally 
strengthens the material besides achieving its 
direct object of equalising the strain of the weight 
which is carried uniformly over the surfare. 
Hot-air passenger balloon: are made of cotton 
fabric strengthened with egg 7 sewn over the 
surface, coated inside with a distemper earth 
colour, and without the netting of the gas balloon. 
Smallest Man=carrying Balloons. 
We have explained that the lifting power of 
hydrogen is 70 lb. per 1,000 cubic ft., so that 
5,000 cubic ft. will lift 350 lb., and a balloon 
containing this represents the minimum size that 
will carry a man. The 350 Ib. may be divided 
up into the proportion of 150 lb. for the total 
weight of the balloon and its equipment, and 
200 lb. fer the weight of the man, ballast, and 
lifting power. This represents a balloon of 
slightly more than 20 ft. diameter, which must 
be regarded as the midget of all aerial craft. 
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For coal gas the irreducible minimum would 
be 10,000 cubic ft., which is represented by 
a sphere of 26 ft. diameter. The minimum for 
a hot-air balloon is considerably greater, and in 
practice never less than 30,000 cubic ft., repre- 
senting a vessel of 35 ft. in diameter. 


Shape of Balloons. The spherical form 
is the most natural shape for a balloon. The 
pear-shaped balloon, comprising a perfect sphere 
with a gracefully tapered neck, has some advan- 
tages of utility as well as appearance, and is 
frequently adopted. 

The obvious advantages of the elongated 
forms used for navigable balloons or airships 
are obtained at the cost of considcrable increase 
of surface and therefore of weight. 

We shall now proceed to describe in detail the 
passenger balloon and its appliances. It con- 
sists of a number of gores sewn together by a 
sewing machine, and afterwards completely 
varnished to render it impervious to the coal gas 
which it is to contain. Its size varies with the 
weight it is tocarry. In capacity, approximately 
10,000 cubic ft. is required for cach passenger 
to be lifted. Taking a balloon, therefore, of 50,000 
cubic ft. as a model, this is capable of carrying five 
persons anda proportionate weight of ballast. It 
would have a diameter of 45 ft., be constructed 
in pear shape, and have an aperture at the 
bottom, and another at the top to contain the 
valve. 


The Valve. The valve [1] consists of a 
bent ash hoop (A) of approximately 2 ft. 6 in. 
diameter, made of wood about 3 in. by Zin. It 
has a cross-bar of mahogany (C) which crosses 
its centre, and to this bar are hinged two semi- 
circular mahogany doors (B, B) which open 
inwards, somewhat after the style of the wings 
of a butterfly. Fitting into the bar, and made 
semovable, is a wooden bridge (D) which carries 
an elastic spring (KE, E), and this elastic spring 
retains the doors in a closed position by means 
of metallic hooks which pass through eyes into 
the doors themselves. The effect of this 
arrangement is that the doors are normally 
closed. 

The valve line (F) is attached to the under side 
of these doors from two points in each door. The 
four cords which leave these points join the valve 
line itself a few feet down, and hence one line 
only continues downwards through the aperture 
or mouth, which is always left open while the 
balloon is sailing in the air, to within reach of the 

assengers in the car. When the line is pulled 
rom below, the doors are naturally opened, 
and when the line is released they immediately 
close by the force of the springs, so that the valve 
may be opened and closed at the will of those 
in the car. The valve is attached to the ‘up of 
the balloon by being firmly whipped on with 
cords which pass over a collar of the material 
prepared for ita reception. This collar is also 
strengthened, both underneath the cord and for 
some distance over the surface of the balloon, by 
means of an addition of leather which is sha 
in regular festoons, and then sewn on. ‘The 
valve is rendered gastight at the joints by 
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means of “ lute,” & composition of soap and fat, 
forced into the crevice so as to seal it. 

Netting. Made completely to cover the 
balloon proper is the net, the object of which is 
to carry the entire weight that is to be suspended 
from the balloon. It divides the strain very 
evenly over the whole surface, and it also plays 
an important part in the inflation of the enve- 
lope, enabling a large number of sandbags to be 
hooked on, thus retaining and stcadying the 
balloon during inflation. This net is made of 
Italian hemp, and consists of a large number of 
meshes, which vary in number with the size of the 
balloon. In the model we have selected there 
would be 128 of these meshes. In size they 
would start at about 6 in. at the top, and slowly 
increase as they descended, until at the largest 
point they would be about 12 in. in length, which 
would make each diagonal nearly 24 in. from top 
to bottom. 

The cordage would slightly increase in strength 
downwards, being rather lighter at the top than 
at the bottom. From the bottom of the net the 
meshes take a somewhat altered appearance, 
and are lessened in number and greatly increased 
in length for three rows. 

These rows of the network are no longer 
meshed, but are known technically as doubles. 
From the lower of the three doubles, which are 
not knotted like the ordinary meshes, but run 
on brass thimbles, start the 16 leading lines 
which lead towards the hoop. All the meshes 
are confined at ‘the top within a circle or 
grummet of rope, and this is held in position 
round the valve by means of cight straps, which 
are securely fastened to the rim of the valve. 
The net rests evenly all over the balloon, and 
supports the weight by means of its leading 
lines, which are fixed over the toggles of the 
hoop. 

The Hoop. The hoop is an important 
feature of the balloon, and is made strong enough 
to stand great strains. It consists of bent ash 
about 1 in. in thickness, by 4 in. wide, formed 
in a circle of 3 ft. in diameter. Encircling its 
entire circumference is a woven hempen band, 
made of a number of cords and known as sword 
matting owing to the fact that when made by 
sailors on board men-of-war swords were used 
in its construction. It is simply a webbing, 
made like ordinary fabrics with the warp and 
the weft of hempen cordage. Its use is to act 
as a security in the event of any excessive strain 
breaking the woodwork of the hoop. 

The toggles—shaped pieces of hard wood, 
which are 16 in number at the top—are attached 
to small pieces of rope which pass round the 
wood and sword matting. They afford a simple 
yet sure method of attaching the net by means 
of the eyes spliced at the ends of the leading lines 
being placed over them. 

There are ten somewhat larger toggles at the 
lower portion of the hoop. These are also fixed 
to circular pieces of rope encircling the hoop, 
and serve as a means of attaching the ten car 
lines in the same manner as the leading lines. In 
addition to the wood, the sword matting, the 
toggles, and their grummets, the hoop has two 


ropes crossing its full diameter at right angles. 
From eech of the joints where these join the hoop, 
loops are attached to which the grepnel rope, 
trail rope, captive rope, or any other rope b 

oir Me which the A llooa y held, a be 
fixed. 

The Balloon Car. The cer consists of a 
rectangular wicker-work construction, measuring, 
say, 5 ft. by 3 ft., and having e depth of 3 ft. 
The ten car lines with which it is suspended pass 
right through the wicker-work underneath the 
floor and up the two sides so as to form a strong 
end efficient means of holding the weight. 
Wooden or wicker seats are slung from loops 
in the car. 

Loops ere also provided through which the 
valve line may be passed, in order to take the 
strain in holding the valve open. In this car 
the acrial voyagers sit or stand, and have with 
them the sandbags 
conteining sufficient 
weight, more or less, 
to equal the ascending 
power of the balloon. 

Grapnel and 
Trail Ropes. On 
the side of the car is 
attached the coils of 
rope which form the 
trail rope and grapnel 
rope, the ends of these 
ropes being fixed to 
the loops in the hoop 
above. The length of 
the trail rope is about 
300 ft., while the anchor rope is 
about 50 ft. long, made of hemp 
or manille, of about 1 in. 
diameter. Both the trail rope 
end the grapnel rope are released 
from. the car and lowered prior 
to the descent of the balloon. The 
grapnel consists of ea bar of steel 
or iron, some 3 ft. in length, and 
2} in. by 1 in. in section, with an 
oval-shaped ring at one end, to 
which the rope is atteched, and 
containing four flukes sbout 


each other, and of somewhat smaller section than 
the bar of the grapnel itself. This forms the 
perfectly equipped balloon, and comprises all the 
details which are actually on the balloon when it 
ascends. The other necessery items are tho 
ert os for filling and sand-bags for controlling 
the balloon during its inflation. 

Ballast-bage. There are required 80 
canvas bags, each about 18 in. high and 9 in. 
in diameter, fitted with ropes and galvanised 
iron hooks. They are filled with sand and 
form the ballast-bags. The hose-pipo consists 
of a varnished calico tube about 75 ft. long 
end about 10 in. in diameter. It is tied 
over the gas-pipe by means of tapes and is 
provided at the end which is to enter the balloon 
with a zinc tube 2 ft. long and 9 in. in diameter, 
which enables it to be tied with tapes into the 
mouth of the balloon. 





1. BALLOON VALVE 
1 ft. long, placed at right angles to “" section, transverse section and plan) 4¢ the material. 
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Inflation. Coal gas supplied by the various 
gas companies, which passes hrough the ordinary 
street mains, is most frequently used. Carburetted 
water gas is very poor for balloon purposes. The 
speed with which the balloon can be inflated 
depends principally upon the size of the gas 
main which is available at the point of inflation. 
Through a main of 8 in. internal diameter, such 
as is laid at the Crystal Palace, 25,000 cubic ft. 
of gas per hour will pass. This quantity can 
be made to vary by the pressure put on at 
the works. A coal gas main 6 in. in diameter 
would take about double as long to give 
the same supply as an 8-in. under the same 
conditions, and a 4-in. pipe again double as 
long as a 6-in. Great care should be takon 
before attempting to inflate a balloon through 
a smaller size pipe than this, as the supply 
of gas will gonorally prove inadequate. * 

Assistance. A 
low-lying position is to 
be preferred for infla- 
tion, and if the site can 
be surrounded by trees 
or other means of pro- 
tecting it from the full 
force of the wind, so 
much the better. It 
will be found that three 
or four assistants are 
required, The first 
proceeding is to have 
the ballast-bags filled 
withsand. If thesand 
should be stony, some 
bags should be filled with sifted 
sand, and in some way marked so 
as to be recognisable in order that 
these mey be taken up. If the 
ground is in any way rough or 
likely to injure the balloon fabric, 
a large cloth measuring some 50 ft. 
square should be spread on the 
ground as a protection. The 
balloon is then opened out, and 
the gores carefully unfolded; a 
little air introduced by shaking the 
mouth will assist the easy opening 
The fabric should 
be drawn in such a manner that the valve lies 
in the centre of all, the seam lines radiating 
from it to its outer margin. The mouth should 
be placed nearest the gas outlet though the whole 
balloon may be 30 or 40 ft. distant from this. 
The folds of material are drawn over the 
mouth or inlet in such a manner that the 
inward. flow of gas will not be checked. 

Spreading the Net. The net is now 
taken in hand, opened, and curefully spread 
over the belloon so that the circular grummet 
at the top finds ite place on the valve. This 
grummet is now strapped on to the rim of the 
valve by the eight small straps which are 
fixed thereon. The leading lines at the lower 
part of the net are loosely spread round the 
outer edge of the balloon, no particular care 
being needed to prevent their entangling, as 
they fall loose as the balloon fills. 


3979 


TRANSIT 


Luting the Valve. The luting of the 
valve is now attended to, and the valve 
spring adjusted. Now the hose-pipe should be 
tied on to the gas outlet and on to the mouth 
or inlet of the balloon. Before turning on the 
gas it is necessary to attach a certain number of 
sandbags by their hooks to the network. 

Placing the Sandbaga. Starting from 
the hose-pipe the bags should be regularly 
placed round the balloon about one foot away 
from its edge [2]. Having settled upon the first 
mesh to hook the bag to, it is now essential to 
proceed round the balloon and attach the 
remaining bags along the same row of meshes, 
with one bag at every fourth mesh. This will 
utilise 32 of the sandbags, and the remaining 
32 should be placed in readiness about a yard 
from the balloon and between each of the bags 
already attached, in order that they may be 
used in their turn. The gas may now be turned 
on, and as it flows into the balloon the sand- 
bags will be found to hold the whole system 
with regularity. At this early stage care must 
be taken not to permit any creases to remain 
in the fabric towards the valve, as when the 
material ascends higher these cannot be re- 
moved. When the gas has tightened the fabric 
all round, it is time to lower the sandbags. This 
1s done by unhooking the bag from its mesh and 
nooking it on one mesh lower [8]. 

Final Preparations. When thc inflation 
is nearly complete [4], or sooner if the weather 
be windy, the hoop must be carried underneath 
the balloon and the leading jines collected and 
attached to the toggles. When the sandbags 
are on the lowest series of doubles, the car 
should be introduced and attached to the lower 
toggles of the hoop. The sandbags may now 
be placed on the leading lines and the balloon 
permitted to rise clear of the hoop and car until 
the inflation 1s complete. 

Whenever the balloon is full, the gas must 
be turned off, and the hose-pipe detached and 
removed. By looking into the interior of the 
balloon (care being taken not to inhale the gas), 
the valve line may be secured, though not 
tightened, from the top. The mouth may now 
be closed with a temporary cord or india- 
rubber ring. 

It is now desirable to remove two of the 
sandbags from each of the leading lines and 
allow an assistant to take his position in the 
hoop, then to remove further ssridbeis all round 
the baJloon until the balloon begins to rise, and 
the bags got out of reach of tho men. The 
assistant in the hoop then proceeds to unhook 
and lower the remaining bags until the lifting 
power of the gas causes the balloon to rise. 

Entry of Passengers. At this period the 
individuals who are to ascend should take their 
positions in the car, after which more sand- 
bags may be lowered from the leading lines. 
A number of sandbags containing fine sand 
should be placed in the car as well as all instru- 
ments and packages to be carried aloft. When 
the remaining sandbags are removed from the 
an the lifting power of the balloon may be 
tested. 
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If the weather be calm, there is no difficutty 
about this; if ie however, some trouble will 
be experienced. en the lifting power has been 
discovered, two or three extra sandbags may 
be placed in the car in order to compensate for 
the weight of the assistant in the hoop, who 
should now untie the mouth of the balloon, 
permit the valve line to drop to within reach of 
those in the car, and himself leave the hoop. 
The balloon may now be finally balanced and 
the lifting power arranged in accordance with 
the force of the wind. If calm, littlo lifting 
power will be required; but if windy, consider- 
able margin of lifting power will be necessary 
to enable the balloon to rise rapidly and thus 
clear al] obstacles on the earth. 

Sensations in Ascending. There is 
no physical inconvonience, and nothing but the 
sense of sight to tell the passengers that thoy 
are moving. The balloon has now become, 
ab it were, a part of the atmosphere [5], and moves 
onward with it, in a perfect calm. The ancroid 
barometer which is carried forms the only 
sure means of telling the height. It will be 
observed to fall rapidly as the altitude increases. 
Generally within half an hour of the start the 
maximum altitude will be attained, and at an 
altitude of perhaps 2,000 ft. the balloon first 
floats along at a uniform altitude for a certain 
time, and then commences to descond slowly. 
Having once commenced its descent, owing to the 
overflow of gas it will continue on its downward 
course unless checked by the discharge of bal- 
Jast. The usual procedure is to discharge the 
ballast in smal] quantities when the balloon has 
attained its maximum altitude so that it may 
continue @ more or less horizontal course at this 
heipht. 

The Descent. The balloon continucs to 
ascend and descend, ascending with the dis- 
charge of ballast, and desconding with the 
natura] overflow of the gas through the open 
mouth or safety valve. Eventually comes the 
time to look ahead and decide on the place 
to descend. If calm, any open field may 
be selected; if windy, however, great care 
should bo exercised, and the descent preferably 
made after passing over a town rather than 
before reaching it. If windy, a sheltered 
spot should be aimed at; this may best be 
secured by waiting until hills have been passed, 
and then descending in the valley. Before 
permitting the descent to take place, the trail 
rope should be paid out to its full length; it 
will now hang from the hoop, to which it is 
secured, and descond downwards its full length 
of 300 ft. The grapnel rope, too, should be 
released from the das c: the car, and, being 
also fixed to the hoop, will hang pendant, but 
as the grapnol itself still remains on the edge of 
the car, it hangs doubled for half of its full length. 
It should not be omitted to secure the neck line 
to the cross rope on the hoop, leaving a yard or so 
slack rather than fixing it taut, so as to give the 
fabric of the balloon a little play. As the balloon 
descends preparatory to the landing, the trail 
rope will be the first to touch the ground, and 
the speed of the wind will be easily noticed by 
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the rate at which this rope is drawn across the 
country. If the balloon descend gradually, and 
with not too great a momentum—conditions 
which should be assured by small discharges 
of ballast if necessary—when about half of the 
trail rope is on the ground the balloon will no 
longer continue to descend, the loss of the weight 
of that portion of the rope which trails on the 
ground causing the balloon again to have an 
upward tendency. This has the effect of main- 
taining the baHoon at a convenient height 
for watching the fields over which the balloon 
is passing. 

Touching Earth. Whon a suitable landing 
field is observed, the valve line may be pulled, 
and. sufficient gas released to bring the balloon 
to earth. Immediately on touching the earth 
the valve should be opened fully. If the speed 
across the field seem to demand it, and the 
weight of the passengers in the car does not 
Ktop the onward course of the balloon, the 
grapnel may be released, but not until the 
valve has been kept open as long as possible. 
To throw the grapnel too soon will give 
the balloon an upward lift, and produce un- 
pleasant jerks, as the grapnel is ineffectively 
jerked over the land, but if it be not thrown 
until sufficient gas has escaped, the lifting 
power of which will be equivalent to its weight, 
then, when it is thrown overboard, the balloon 
and basket will continue to remain on the ground, 
moving along at the ground level and giving 
the grapnel its best opportunity of doing its 
work. On no consideration should any of the 
occupants of the car be permitted to alight 
until the bulk of the gas has left the balloon. 
By this time quite a number of local inhabitants 
will generally have arrived [6], and there will be 
no difficulty in enlisting their assistance. The 
balloon, when nearing emptiness, can have its 
valve-spring removed, so that the doors remain 
open without the valve line being pulled for the 
completion of the deflation. Conveyances by 
this time will have been requisitioned, the hoop 
and car untoggled from the net, and the balloon 
and its net folded up and placed in its linen 
wrapper, thus forming one package, while the 
remaining impedimenta may be conveniently 
placed in the car, thereby forming a second 
package to complete the luggage. 

Scientific Ballooning. A large num- 
ber of ascents are made for purely recreative 


purposes, Scientific work, however, can well 
be undertaken in connection with balloon 
ascents. The usual scientific observations 


made in a balloon consist of (1) the altitude 
attained, which is deduced from the height of 
the mercury in a barometer calculated with 
regard to the temperature at the time; (2) 
the temperature, which is observed, and recorded 
by means of the thermometer; and, finally, 
(3) the percentage of moisture in the air, ob- 
served by means of the hygrometer, which is 
generally in the form of # wet and dry bulb 
thermometer. The mercury barometer is in- 
variably replaced by the portable aneroid in 
all except scientific ascents. In the latter it 


is generally carried, and its readings compared 
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with the column of mercury. An exceedingly uso- 
ful combination is the registering baro-thermo- 
hygro-meter, which indicates the height, the 
temperature, and the dampness of the air by 
tracing three blue lines in ink on a revolving 
chart. 

Electrical work is also carried out, an clectro- 
scope heing carried to determine the electrical 
condition of the atmosphere through which the 
balloon is passing. These experiments, however, 
generally have a negative result. 

Glass containers, with the atmosphere ex- 
hausted, are sometimes taken up, and opened 
at the maximum altitude in order that the air 
which enters may be brought down and analysed 
as to its constituents. Scientists can see other 
uses, such as dust counters, microbe traps, ozone 
testers, and other means of observing pheno- 
mena which do not readily occur to those not 
acquainted with the latest developments of 
science. 

The Parachute. The parachute consists 
of a circular-like shaped canopy of silk, cotton, 
or linen fabric some 30 ft. in diameter, to support 
the weight of an average man. ‘Twenty or more 
lines are passed through its surface from tho 
centre to the circumference and thence down- 
wards to a length of 40 ft., where they are 
secured to a smal] wooden hoop |! ft. in diameter 
with sword matting, a niinature of that used 
with the balloon. These lines are fixed to tho 
circumference of the parachute and again are 
spliced round a ring of rope in the centre at the 
top. This rope ring has a diameter of 8 in. to 
1 ft., and to it also the fabric of the parachute 
is fastened. the superficial foot or so inside 
being left open. This construction is a con- 
venient one, and the hole in the top of the para- 
chute is held by some to assist in steadying 
it at its descent; but the actual advantage 
of this small aperture seems very doubtful, 
the question of a correct proportion between 
the length of the lines carrying the weight and 
the diameter of the supporting surface appear- 
ing much more likely to conduce to a steadying 
descent than any small aperture not exceeding 
a 600th part of the surface. 

Round the edge of the parachute is sewn 
a stiffish cord, which has the effect of keeping 
the mouth of the parachute somewhat open in 
order to catch the first inrush of air when com- 
mencing the descent. A hoop of 3 ft. to 4 ft. 
in diameter, too, is also sometimes slung from 
the top to assist to this end. 

Using the Parachute. When using the 
parachute for the purpose of giving a display 
cf its powers, it is usual to attach the parachute 
to the balloon by means of a thin cotton cord 
with a breaking strain of 80 lb. The fabric 
of the parachute itself weighs about 30 lb., 
so that it is well supported by this cord. The 
parachutist who is about to descend takes his 
position under the balloon holding the hoop of the 
parachute in hishand. Attached to this hoop is 
a swing-like cord in which he places his leg, and 
at the correct moment, when the altitude is suffi- 
cient and when the country beneath affords a 
suitable landing, he drops from the balloon. 


When his weight is added to that of the para- 
chute, the cord which supports it instantly 
breaks and the parachute and aeronaut com- 
mence the downward drop, the balloon in the 
meantime rapidly ascending. As the para- 
chutist continues to gain speed the uprushing 
air enters the folds of the parachute and shortly 
the whole canopy is extended to its full size, 
and the downward drop is checked. sufficiently 
to make the further descent safe and even 
pleasant. The slight oscillations of the para- 
chute which sometimes occur give a wave-like 
sensation to the person who experiences it as 
if he were a bird with outstretched wings 
floating earthwards. The motions are vertical 
with the descent and horizontal in the direction 
and at the speed of the wind. The earth is 
reached at about the speed of 500 ft. per minute 
and the Janding takes place with not much 
more force than alighting from a moving vehicle. 
If it were a passenger balloon from which the 
parachutist leapt, those remaining in the car 
would, of course, attend to the subsoquent 
descent of the balloon. When the balloon is 
a special parachuting one it is arranged with a 
weight at the top and with a somewhat large 
aperture at the bottom. After the parachute 
and the aeronaut have left, the weight at the 
top naturally turns it upside down. The gas 
escapes through the large open mouth, and, 
devoid of its gas, the erstwhile balloon becomes 
a piece of falling material which speedily 
reaches the earth, a vehicle being sent to re- 
cover it. 

Hot-air Balloons. When there is difficulty 
in obtaining a supply of coal gas for ballooning 
purposes and the great cost of hydrogen renders 
it impracticable, the hot-air balloon is adopted. 
For practical purposes one of 60,000 to 80,000 
cubic ft. is used. It is of 60 ft. diameter and 
has a height of about 70ft. It is constructed 
of a strong cotton fabric, and as the net would 
be both heavy and troublesome it is dispensed 
with, and in its place strengthening webbing 
bands are sewn on to the surface of the balloon. 
The mouth is some 12 ft. in diameter, and coming 
from that are four lines which carry the weight. 
No varnish is used on the outside, but the inside 
is covered with a distemper paint in order to 
render it airproof and to prevent its fabric from 
being scorched. This style of balloon is mostly 
used for parachute descents. 

To inflate the hot-air balloon a 30 ft. trench 4 ft. 
wide and 4 ft. deep is dug in the ground. This 
is covered up with iron plates so as to meke it 
into a tunnel. A portion at each end is left 
open—at one end to light a fire of wood and 
at the other end to receive a chimney 5 ft. high, 
most satisfactorily built of bricks. e balloon 
itself is suspended over this chimney by means 
of a rope passing over two pulley blocks attached 
to poles about 35 ft. high. These poles are 
securely stayed with ropes to the ground so 
that the weight of the balloon hanging on the 
ge stretched between them will be supported. 

illing with Hot Air. The balloon, ne 
been drawn over the chimney, is carefully spre 
out in circular form so that it has the appear- 
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ance of a large bell tent, having its apex at the 
horizontal rope and its base (about 50 ft. in 
diameter) occupying the space betwoen the two 
poles, the chimney being in the interior. 

A largo number of persons are stationed 
round the balloon and hold on to the fabric. 
The fire is then lighted and maintained at a 
moderate heat until the rush of warmed air 
along the chimney causes the balloon to rise. 
The bell-tent-like appearance now gives way 
to a semispherical appearance and the strain 
from the supporting rope is taken off. As the 
balloon is filled the people round it permit it to 
rise higher and higher. When the inflation is 
nearing completion the parachute is attached 
to the lines from the mouth and the parachutist 
holds himself in readiness for the ascent. The 
suspending rope is now drawn through the 
pulley blocks and away from the top of the 
balloon, the pole to the windward is Jowered, 
and the balloon finally inflated. 

At this period the fire at the entrance to the 
tunnel is raised to its maximum and the heat 
within the balloon thereby increased. In order 
to prevent a premature departure, four stakes 
having rings on them are securely fixed in the 
ground, round the chimney, and through these 
rings extra ropes from the mouth of the balloon 
are passed so as to form efficient means of 
holding the balloon in addition to the persons 
who are holding the fabric itself. 

These ropes may be held to a single point 
and fixed to a liberator by which they may be 
simultaneously released, or they may be en- 
trusted to four assistants who can release them 
at the word of command. From fifteen to twenty 
minutes is all the time that is needed after once 
the fire is lighted. 

The Ascent. When sufficient lifting power 
has been obtained the aeronaut from h’'s position 
at the sling at the end of the parachute gives 
the word to let go and the balloon then riscs, 
sluggishly at first, but gaining momentum every 
moment. 

The acronaut ascends with this hot-air balloon 
to the desired height, and then pulls the cord 
attached to the liberating trigger and descends 
in the same manner as described with the ges 
balloon, the hot-air balloon being weighted and 
arranged to turn over and empty itsclf also in 
the same manner. 

Captive Balloons. For military purposes 
and for out-door entertainments captive balloons 
ere employed. In calm weather, a balloon may 
be held by means of a rope, end permitted to 
ascend to some 1,000 ft. or so in height, where it 
will remain in position and enable those in the car 
to obtain more or less extensive views eccording 
to the condition of the air. From a height 
of 1,000 ft. a distance of practically twenty miles 
may be seen, and es the view extends ell round 
to the horizon, this means an area of some 1,200 
ae miles. Naturelly this fect renders the use 
of the captive balloon of eminent service for 
reconnoitring for military purposes, and forms the 
system, of military ballooning adopted by our 
authorities. For purposes of amusement, ao large 
balloon, capable of carrying from six to twelve 
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persons, is generally used. It is similar in con- 
struction to the ordinary passenger balloon, with 
such modifications only as the particular require- 
ments need. 

It is fitted with additional network, known as 
the eguatorial lines, which encircle the balloon 
so that they may be used as stays to hold the 
balloon steady by being attached to rings fixed 
on the ground. The car is a circular gallery 
construction, with a door to permit easy entrance. 

The ‘ Captive ” quipment. The 
captive pe of steel wire or hemp passes 
through a large circular aperture through this 
car, and thence over a pulley block having 
universal movement, firmly secured to an anchor 
in the ground. It then passes horizontally along 
the surface, or through a tunnel slightly beneath 
the surface of the earth, for some 200 ft., where 
a winding engine, fitted with » drum for its 
reception, is placed. This engine, which is 
usually of about 8-h.p., serves to pay the rope 
out at the ascent, and haul it in at the descent, 
until the car has reached the earth. Captive 
ascents are possible only in a moderately tranquil 
state of the air, but experience shows that in 
most places a very fair percentage of days during 
the summer season are practicable for actual 
working. 

Captive ballooning for military purposes is 
conducted on a much smaller scale. A standard 
size of balloon is 10,000 cubic ft. capacity, capable 
of carrying two aeronauts to a suitable height 
for observations. It is always inflated with 
hydrogen gas, which is carried compressed in 
tubes to the site of the ascent. 

Airships. In a balloon, we are able to 
start when we like, to ascend higher or lower, 
and by means of the valve to drop to earth at 
any moment we desire; but we cannot decide 
beforehand the direction in which we shall 
proceed on any given day. An airship, with a 
speed of 15 miles per hour, will move at the rate 
of 25 miles per hour with a 10-mile breeze, but 
at only 5 miles per hour in a contrary direction. 
There are two classes of airships—the flying 
machine, which rises in the air purely by mechan- 
ism, and the navigable balloon. The problem of 
both is to propel themselves through the air, 
and the real question, therefore, is simply which 
can go at the greater speed. The answer to 
this question may eventually be the flying 
machine, but the great objection at the present 
moment is its want of stability in the air. 
Hitherto, the only successful journeys through 
the air have been made by the propelled balloon. 

The Spencer Airship. In the most 
successful airship [7] ever used in Great Britain, 
and frequently navigated by the brother of 
the writer, the buoyancy vessel consists of an 
elongated balloon of fusiform shape, which is 
inflated with hydrogen gas (8], and has a capacity 
of 30,000 cubic ft.—the gas having a lifting 


power of 2,100 lb. This is necessary to 
carry the weight of the entire structure. The 
balloon portion is made of closely woven fabric, 
varnished several times inside and outside, to 
render it impervious to hydrogen gas. Runnin 

horizontally round it is a sailcloth ban 

securely stitched on, the fabric being doubled 
and festooned for some distance up all round this 
band in order to give greater strength. The 
cordage is all attached to this band, passing 
through eyelets made within it, and hanging 
downwards to support the framework with all 
its mechanism. ‘This buoyancy vessel has a 
valve in the upper part to releasc the gas when 
desired, and in its lower part an automatic valve 
which relieves any undue pressure before the 
bursting point of the fabric is reached. The 
framework or kee], which is a triangular-braced 
construction of bamboo, measures 50 ft. long, 
and hangs 12 ft. below the gas vessel. It carrics 
in front a screw propeller or tractor of 12 ft. 
diameter on a steel shaft, which is supported 
by ball bearings and runs through gear wheels 
and a clutch to the motor. 

Propelling Mechanism. The petro! 
motor is situated centrally in the framework, 
and one feature of its construction is that 
its exhaust-box is covered with wire gauze, 
on the Davy safety Jamp principle, to guard 
against ignition should any gas approach it. 
Its fuel of petrol is carried in a brass con- 
tainer, connected with copper tubes, and a 
similar cylinder holds the water which circulates 
over the cylinder for cooling purposes. The car 
in which the acronauts take their place is situated 
in the rear portion of the framework, and the 
mechanism of the motor is controlled by Bowdon 
wires. Further to the rear is the rudder with 
two ropes leading to the car. A balance or trail 
rope hangs downwaids from this framework, 
held by two points at the front and back so that 
its position may be changed so as to take its 
weight to the front or rear as desired, and thus 
alter the angle of the whole airship to the hori- 
zontal, as it is desired to point it upwards or 
downwards. At present there are two of these 
aerial craft in the balloon hall at Highbury 
ready for flights at short notice. One is of small 
horse-power, capable of travelling through the 
air at the rate of 10 miles per hour, and one of 
24-h.p., capable of being driven at speeds of 
from 20 to 25 miles per hour. 

To attain proficiency with these airships 
continued flights are necessary. When one first 
enters the water he cannot swim ; when a cycle 
has been obtained, it cannot be ridden without 
learning, and so it is with the airship—success 
comes by continual practice. 

Naturally these experiments are expensive, 
and the amount of use to which these airships 
are put, therefore, depends upon the support and 
interest which are secured. 


Vehicle Construction concluded 
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FOR long years history has been taught in our 
schools and in the schools of all nations. The 
reader may or may not have been fortunate 
enough to escape the common, vulgar, and futile 
conception of history. This conception has been 
briefly epitomised by Herbert Spencer as “a 
record of royal misdemeanours,” and since he is 
rimarily responsible for the new conception of 
history: we may add to this phrase of his an 
amusing but deeply significant quotation from 
his Autobiography (II., 83). “I have a vague 
recollection of amusing Professor Youmans by 
my response to some remark or question coming 
from our guide at Holyrood—‘] am happy to 
say I don’t know.’ Probably the remark or 
question referred to Queen Mary. On this, as 
on kindred occasions, 1 thus implicd my satis- 
faction, partly in having used time and brain- 
space for knowledge better worth having, and 
partly in expressing my small respect for gossip 
about people of no intrinsic worth, whether 
dead or living.” Elsewhere he refers to “ those 
who look into the records of the past, not to 
revel in narratives of battles or to gloat over 
Court scandals, but to find how institutions and 
laws have arisen and how they have worked.” 
Again, in the same wonderful book, Spencer's 
famous “Study of Sociology,”? which we shall 
afterwards discuss most oarefully, we find a 
passage which, after our discussion of the book, 
the reader will surely study in full for himself. 
What is True “ History?” 3 Spcsking 
of sociology, Spencer says ironically, with refer- 
ence to people who have the conventional notion 
of history : & 

‘Of course, it is not to be put on the same 
level with those historical studies so deeply 
interesting to them. The supreme value of 
knowledge respecting the genealogies of kings, 
and the fates of dynasties, and the quarrels of 
Courts, is beyond question. Whether or not 
the plot for the murder of Amy Robsart was 
contrived by Leicester himself, with Queen 
‘lizabeth as an sccomplice, and whether or 
not the account of the Gowrie Conspiracy as 
given by King James was true, are obviously 
doubts to be decided bafore there can be 
formed any rational conclusions respecting the 
development of our political institutions. That 
Friedrich J. of Prussia quarrelled with his step- 
mother, suspected her of trying to poison him, 
fled to his aunt, and when he succeeded to the 
Electorate intrigued and bribed to obtain his 
kingship ; that half an hour after his death his 
son Friedrich Wilhelm gave his courtiers notice 
to quit, commenced forthwith to evonomise his 
revenues, made it his great object to recruit and 
drill his army, and presently began to hate and 
bully his son—these, and facts like these about 
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all Royal families in all ages, are facts without 
which civilisation would obviously be incom- 
prehensible. Nor can one dispense with full 
knowledge of events like those of Napolcon’s 
wars—his Italian conquests and oxactions, and 
perfidious treatment of Venice; his expedition 
to Egypt, successes and massacres there, failure 
at Acre, and cventual retreat; his various 
campaigns in Germany, Spain, Russia, cte., 
including accounts of his strategy, tactics, 
victories, defeats, slaughters ; for how, in the 
absence of such information, is it possible to 
judge what institutions should be advocated, 
and what legislative changes should be opposed ?” 

The History of Societies. ‘Still,’ 
Spencer procecds, ‘‘aiter due attention has been 
paid to these indispensable matters, a little time 
might perhaps with advantage be devoted to the 
natural history of societies. Some guidance fo1 
political conduct would possibly be reached by 
asking—What is the normal course of social 
evolution, and how will it be affected by this or 
that policy 2? It may turn out that legislative 
action of no kind can be taken that is not eithor 
in egreement with, or at variance with, the 
processes of nationnl growth and development 
ws naturally going on ; and that its desirablencss 
is to be judg d by its ultimate standard rathor 
than by proaimate standards.” 

These quotations will suffice to show what wo 
mean by speaking of a new conception of history. 
What study can be named greater than the 
record of man? Yet do we not all know that, 
owing largely to the exceeding difficulty of teach- 
ing any real history, and to the cxaminstion 
system, and to the fewness of those who “ sech 
the wider meanings of facts,” history is too often 
concerned with the dates of battles, with the 
contemptible amours of men who are only the 
more contemptible because they were called 
hings—since, as Carlyle said, “the only divine 
right of kings is the right to be kingly men,” —.and 
with such-like trivialities. It is time, then, tht 
we who seek to make the best use of our intelli. 
gence should distinguish once and for all bet ween 
that notion of history which regards it as merely 
a—more or less—glorified gossip, amusing but 
meaningless, delectable but despicable, and that 
conception of history which sees in it the record 
of the life of man or that mighty Organism 
which was (‘omte’s conception of humanity, and 
which, to his mind, was no less than an object 
of worship. 

Judge a Man by his Talk. You may 
estimate the intellect of a man, says Herbert 
Spencer, by observing the proportion of gener- 
alities to personalities in his conversation. 
Have we not all heard with our ears that 
“he” or “she ’—according as whether the 
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speakcr be woman or man—is the main topic 
of conversation in the street; and do we not 
know that the person who does not dearly love 
a piece of gossip is scarce almost to vanishing 
point? The novel, the short story, the drama, 
and an enormous proportion of conversation 
among great and small, young and old, are 
concerned with whet this or that person did, 
does, or is going to do. The teller of stories has 
been appreciated in all generations and in all 
ages of cach generation. He is a power in the 
savage tribe. | 

The Universal Love of Personalities. 
We who believe in the theory that the history 
of the individual is a recapitulation of the 
history ot the race may note the significance 
of the fact that children love stories, that 
savages do so likewise, and that people of scant 
intelligence prostitute their powers of reading 
almost entirely to this end. ‘“ But when are 
you going to write a book?” was the cruel 
question which Carlyle asked William Black, 
the well-known novelist. The love of person- 
alities, in short, is universal] in its distribution 
and its influence. Hence it is that the death 
of one king or another from cating too many 
lampreys is a historical fact as history is at 
present conceived. There is before the present 
writer at this moment the page of a child's 
instructor which nurtured his seven-year-old 
mind, and contains, in sequence, the portraits 
of the kings of England, with their names and 
the chief fact sbout cach beneath the name. 
Here he finds, what his mind has retained for so 
many years, the following: ‘‘ Henry 1. Beau- 
clere. Died from eating too many Jampreys.”’ 
True it is that a magnificent lesson might have 
been taught even to a child from this fact, there 
being no tacts, not even this, in all the universe, 
which are insignificant to the philosophic mind ; 
but to the mind of the historian the fact was an 
end in itself. It was “ history.” 


Persons and Things. The same love of 
personalities holds in politics, so that a politician 
may go about, let us say, proving himself ignorant 
of the first principles of his subject, and incapable 
of reasoning upon what he is under the delusion 
of thinking to be data, yet a certain number 
of people will follow him and “ wonder with a 
foolish face of praise” because the love of 
his personality draws them on. Elsewhere 
the present writer has called the love of per- 
ronalities the mainspring of fiction, and, except 
for the very few, it has hitherto been the main- 
hpring of “history,” which is mostly fiction. 
Most of us prefer talking about people to talking 
about things, and reading about people to reading 
about anything clse that words can exprers. 
True it is that the proper study of mankind is 
man, as Pope said, and that if we analyse the 
love of personalities and try to recognise the 
clement of sympathy, for instance, that may be 
found in it, wo shall see in it not a thing to be 
sneered at or a thing that we may one day 
expect to overcome. As a matter of fact one 
cannot conceive of society as existing without 
it, for it is an inevitable concomitant of that 
sympathy and community of interest’ without 
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which societies aro impossible. And who 
shal] pass a verdict on the desirability of a 
mental trait—this love of or interest in 
personalities—which may show itself in the 
abominable tittle-tattle of a smoking-room or 
boudoir, and yet is essentially one and the 
bame with the force that impelled the observant 
genius of Shakespeare to depict a Jago or a 
Hamlet ? 

Descriptive Sociology. We are about to 
observe that there are two distinct theories of 
causation in history, and in so doing we shall note 
how the love of personalities may be made useful. 
The term descriptive sociology was coined by 
Herbert Spencer to describe a great book upon 
which he spent many thousands of pounds and 
which he was finally compelled to abandon, but 
which is now to be completed by means of the 
money which he left. He destined such a book for 
the day ‘‘ when the Jovo for the personalities of 
history is less and the desire for its instructive 
facts greater.” The study which now goes by 
this name consists of “the collection and 
organisation of facts presented by societies of 
different types, past and present,” since, 
in order to arrive at the principles of sociology 
there are required, “as bases of induction, 
large accumulations of data, fitly arranged for 
comparison.” ‘“ These facts supply the student 
of social science with data, standing towards 
his conclusions in a relation like that in which 
accounts of the structures and functions of 
different types of animals stand to the con- 
clusions of the biologist. Until there had been 
such systematic descriptions of differont kinds 
of organisms as made it possible to compare 
the connections and forms and actions and 
moder of origin of their parts, the Science of 
Life could make no progress. And in like 
manner, before there can be reached in sociology 
generalisations having a certainty making 
them worthy to be called scientific there must 
be definite accounts of the institutions and 
actiom of societies of various types, and in 
various stages of evolution, so arranged as to 
furnish the means of readily ascertaining what 
social phenomena are habitually associated.” 

Aristotle the Pioneer. It is very 
interesting to note that neither the conception 
nor its execution is new. Though Spencer was 
unaware of the fact, his mighty predecessor. 
Aristotle—whose intellectual resemblances to 
him in breadth of knowledge, magnificence of 
gencralisation, and even in method, have been 
s0 often commented upon—conceived and 
carried out an essentially identical plan. The 
work which the great Greck called the Politeiat 
contained a descriptive history of the constitu- 
tions, manners and usages of 158 states. It 
would hardly be necessary to insist upon the 
immeasurable difference which time has wrought 
in the execution of the two enterprises. While 
Aristotle’s horizon was only a few miles away, 
the later ‘‘ Descriptive Sociology” discusses 
the English, Mexicans and other aboriginal 
New World races, the lowest races, such as 
Fuegians, Tasmanians, and Sandwich Islanders, 
the African races, the Asiatic races (excluding 


the yellow peoples), the races of Northern 
America, the Hebrews and Phoenicians, and 
the French ; while there arc now in preparation 
arallel accounts of the Chinese, the ancient 
Mayptiaus: and the Greeks. 

Here, then, we see a conception of history 
which has only to be described for its importance 
and truth to be recognised, but of which the 
unbiassed sociologist must ask, “Is it the whole 
truth?” Unquestionably a truc conception of 
history must include a descriptive sociology, 
perhaps the most striking indication of the 
character of which, and the most remarkable 
comment on its claim to be ranked as history, 
is furnished by the fact that the names of 
individuals have no place worth mentionin 
in it and are scarcely to be encountered at all. 


Causation in History. And _ here 
we encounter a fascinating quection which we 
shall have no further opportunity of discussing 
in thi» course, since we cannot possibly return 
to what is now often called the philusophy of 
history, which we shall discuss now. With 
very rare exceptions, one of which wo must at 
least note, all history that called itself and 
was recognised as history until Spencer's time 
dealt with individuals as all-important and 
with circumstances or environment as secondary, 
pubsidiary, and only in quite negligible degree as 
causes of the actions of great men whom the 
historian celebrated. In the beginning of his 
‘Study’ of Sociology” Spencer discusses what 
he there calls the great-man theory of history. 
In so doing ho makes an allusion to the doctrines 
of that mighty literary gonius and mighty soul 
' Thomas Carlyle, whose inherent energy and 
power of language and personal conviction 
persuaded Ruskin to call him “the groatest 
historian since Tacitus.” The work of Carlyle 
wo may take as typical of, and a» representing 
in its highest form, the great-man theory of 
history. This theory is as old as history itself 
and reached its finest flower in its last hours— 
or, rather, in its last hours as the whole truth. 
It is incredible that the reader has not read 
Carlyle’s ‘* Lectures on Heroes, Hero-Worship, 
and the Heroic in History.” If he has not 
done »0 we must apply to him the words of 
Prospero: he is one of those “that have more 
time for vainer hours.” 

The Greateman Theory. In a few 
words from the first page we may describe the 
fundamental conception of that great book: 

“We have undertaken to discourse here, for 
a little, on Great Men, their manner of appear- 
ance in our world’s business, how they have 
shaped themselves in the world’s history, what 
ideas men formed of them, what work they did. 
Too evidently this is a large topic. Indeed, 
an illimitable one; wide as Universal History 
itself. For, as I take it, Universal History, 
the history of what man has accomplished in 
‘this world, is, at bottom, the History of the 
Great Men who have worked here. They were 
the leaders of men, these great ones; the 
modellers, patterns, and in a wide sense creators, 
of whatsoever the general mass of men con- 
trived to do or to attain; all things that we 
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see standing accomplished in the world are 
properly the outer material result, the practical 
realisation and embodiment, of Thoughts that 
dwelt in the Great Men sent into the world ; 
the soul of the whole world’s history, it ma 

justly be considored, were the history of these.” 

This is a splendid pasrage, and it seems to 
bear in its forchead the stamp of truth; but 
here we are trying to be sciontific, and we must 
not permit ourselves to confound splendour 
as such with truth as such. We may remember 
Huxley’s description of rhetoric : “ that pestilent 
cosmetic with which men varnish the fair faco 
of truth.” Is this great-man theory of history 
true ? 

The Kings of Thought. Now, it is all- 
important that we be fair and unprejudiced in 
our study of this great question. The present 
writer clearly has a bias in favour of Spencer, 
who, as we shall see, opposed the great-man 
theory ; but, on the other hand, he can refer 
the reader to many previou» parts of the SEur- 
Epucator in proof of the assertion that he is 
also a hero-worshipper, who never loses an 
opportunity of quoting the lines of Shelley : 

** And he is gathered to the king: of thought 

Who waged contontion with their time's 
decay 
And of the past aro all that cannot pase 
away.” 
Or these lines of Wordsworth : 
* There is 
One great society alone on carth 
Tho noble Living and the noble Dead.” 
Or, greater still, this from Daniel : 

“They that be wise shall shine as the bright- 
ness of the firmament, and they thot turn many 
to righteousness as the stars for ever and ever.” 

We make the’claim, then, that we are unpre- 
judiced. But this is not an instructor, but a 
self-educator, and the reader will listen to 
no claim as final, but will decide for bimself. 

Spencer, and, following jum, sociologists in 
general, urgently oppose the groat-man theory 
of history. Spencer traces the genesis of it to 
the customs of savage life, where the great 
topic on a return from the warpath is always the 
doings of some chicf or warrior. Such narratives, 
perhaps accompanied by a dance or wo chent, 
constitute the whole history or chronicles of 
suvage tribes. Similarly, the famous Moabite 
stone, the Egyptian frescoes, and the Greek 
epics follow the injunction to “praise famous 
men.” The power of this theory is strengthened 
by the catly upbringing of cach of us. “ Arms 
ond the man” form the end of the story, 
as they form its beginning, The reader will 
remember the first words of the first line of 
Virgil’s great poem, “ Arma virumque cano” 
(Arms and the man, I sing). Hence, sexys 
Spencer, “you find but a sesttered few likely 
to take anything more than a biographical view 
of human affairs.” 

The Genesia of Great Men. = The 
valid and conclusive criticism on this view is 
that we are entitled to ask, Whence comes the 
great man? If we abandon, as we must abandon 
nowadays, the doctrine which has had its placo 
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in the history of every society, that the origin of 
the great man is supernatural, “ then the origin 
of the great man is natural; and immediately 
this is recognised, he must be classed with all 
other phenomena in the society that gave him 
birth, as a product of its antecedents. Along with 
the whole generation of which he forms a minute 
part, along with its institutions, language, 
knowledge, manners, and its multitudinous arts 
and appliances, he is a resultant of an enormous 
aggregate of forces that have been co-operating 
for ages. The genesis of the great man 
depends on the long series of complex influences 
which has produced the race in which he appears 
and the social state into which that race has 
slowly grown. If it be a fact that the great man 
may modify his nation in its structure and 
actions, it is also a fact that there must have 
been those antecedent modifications constituting 
national progress before he could be evolved.” 

The Truth Between Two Extremes. 
In a very early society, according to Spencer, 
the great-man theory “approximately expresses 
the fact in representing the capable leader as all 
important.” But “ just as fast as war ceases to 
be the business of the whole male population, so 
fast do societies begin to develop, to show traces 
of functions and structures not before possible, 
to acquire increasing complexity along with 
increasing size, to give origin to new institutions, 
new activities, new ideas, sentiments, and 
habits—all of which unobtrusively make their 
appearance without the thought of any king 
or legislator. And if you wish to understand 
these phenomena of social evolution, you will 
not do it, though you should read yourself blind 
over the biographies of all the great rulers on 
record down to Frederick the Greedy and 
Napoleon the Treacherous.” 

Let us consider whether now, after thirty 
vears, We can pronounce any judgment upon 
this quarrel between Spencer and the historians. 
It seems to the present writer—who expresses 
his views merely as subject matter for thought, 
and all of whose ends will be defeated if the reader 
accepts anything whatever simply because ho 
siys so—that the truth lies somewhere between 
the two extremes. 

Destruction of Pre-Scientific History. 
Spencer overstated his case, as he was almost 
bound to do in the circumstances. He has 
achieved the final destruction of what we may 
call pre-scientific history, and that is indeed 
well. But many of his critics have pointed out 
with force and justice that ‘history cannot be 
made comprebensible—no, not even the history 
of the most advanced races—on any view which 
reduces the importance of the hero, or great man, 
to the Spencerian estimate. Truth is many- 
sided, and we all tend to see the side that is 
nearest us—whether owing to our training, tem- 
perament, or bias—to the exclusion of the other 
sides. But it is the business of the philosopher to 
act, as Spencer himself urges, in another and 
higher connection: ‘In proportion as we love 
truth more and victory less, we shall become 
anxious to know what it is which leads our 
opponents to think as they do. We shall begin 


3988 


to suspect that the pertinacity of belief exhibited 
by them must result from a perception of some- 
thing we have not perceived. And we shall aim 
to supplement the portion of truth we have 
found with the portion found by them.” And the 
common view does represent @ portion of truth. 
No one will question that the history of the world 
is other than it would have been had Napoleon 
or Cesar or Moses not lived. It is true that these 
men were the products of their environment ; but 
it is far truer to say that, though they were con- 
ditioned by their environment, and would not 
have been what they were in other environ- 
ments, yet their environment does nof give an 
adequate account of their causation. 

The Hour and the Man. No better 
instance of the truth which we are trying to 
recognise can be found than in the case of great 
crises in society, whether political, or religious, or 
other. The truth of the Spenccrian theory is re- 
cognised—and exaggerated—by those who say, 
with too little qualific tion, that the crisis always 
produces the man, that when an evil system has 
reached a certain point the social environment 
invariably causes the evolution of the necessary 
individual, instances of whom we may find, ac- 
cording to our beliefs, in Martin Luther, or John 
Wesley, or Savonarola, or in any of the leaders 
who have freed an oppressed people. But, in 
point of fact, this generalisation, which implies 
that the great-man theory is entirely untrue, 
is itself imperfectly true. Further dy teaches 
us that, in point of fact, the tyranny, the abuse, 
the evil of whatever kind, has only too often 
continued long after it should, according to this 
theory, have produced the man necessary to end 
it. Sober history does not support the comfort - 
able doctrine that, as soon as the circumstances 
urgently demand « great man, they produce 
him. On the contrary, time and again we find 
that the evil was no greater at the moment of its 
overthrow than it was a century before. In 
short, the hour was ripe but the necessary 
hero was not forthcoming. Thoughtful people, 
looking at the present state of Russia, believe 
themselves to see in that unhappy land such 
sociological phenomena as, according to the view 
which denies the great-man theory entirely, 
should long ago have produced the necessary 
man. They think, however, that not only has 
this man been wanting in the past, but he is 
wanting to-day. They believe that all the condi- 
tions are ready in Russia for the inauguration of a. 
newer and better era, except one. The oppressed 
have not produced the all-essential hero. 

Man’s Relation to Environment. 
These things may or may not be so. We submit 
them to the reader's judgment. The proposition 
which we would have him consider a if he can, 
accept, is that what we have called causation in 
history is twofold—that the doctrine which re- 
gards all influences save individuals as important _ 
is only a half-truth, and that the doctrine which 
regards no influences exgept the power of indi- 
viduals as important is only another half-truth. 
In other words, the history of, socicties is deter- 
mined neither by the inanimate and impersonal 
alone nor by the animate and personal alone, but 


by the interaction of both; just exactly as the 
history of an individual organism is determined, 
not alone by its inherited or innate characters, 
not alone hy the environment in which it finds 
itself, but by the interaction of both. It seems to 
the present writer that opinion, having swung 
too far away from the older direction, may now 
be allowed to rest in the reasonable doctrine that 
in the making of history neither are external 
conditions naught nor are individuals naught. 
Both are essential, and neither can be ignored 
And for ourselves we do not think it worth while 
even to enter into any argument as to which of 
these factors has been the more important Let 
the reader consider and he will sce that such an 
argument, if it went deep enough, would soon 
find itself to be meaningless. At any rate, we have 
here offered an introduction to the reader of 
that mighty study which is called the philosophy 
of history, which, he must take our word for 
it, is possessed of far greater dignity and interest 
than we are likely to have been able to suggest 

A Landmark in the History of 
Thought. Here, ccrtainly, is the place 
in which we may discuss and dismiss the 
relation of sociology to geography. Wo 
have already asserted that sociology ts the 
synthesis and crown of all the sciences, an anser- 
tion of which we shall find support in every 
paragraph. But the relation of sociology to 
geography is of special significance because we 
must take it into conscious account in our con- 
ception of history, and also because it will ever 
be associated with the name of a great English 
historian. We often hear it said that a given 
race displays given characters—as, for instance, 
extreme conservatism and hatred of change, 
because of the hot and enervating character of 
the climate in which it lives ; or that the litera- 
ture of a certain people displays a great intimacy 
with Nature because of the mountains, the valleys 
and the lakes among which the poets of that 
race have lived ; or that a superstitious element 
is conspicuous in the religion of a certain people 
because they are familiar with some of the most 
terrifying and awe-inspiring phenomena ot Nature 
—thunder, tempcsts, earthquakes. We feel 
that there is a truth here, though it is much 
more difficult to estimate its measure, and there 
is a great classic in which this doctrine is ex- 
pressed, with exaggeration no doubt, but still 
with extraordinary erudition and force that 
make it, within its limits, a landmark in the 
history of thought. 

** The Secret of Europe.” The tame of 
Buckle (1821-1862) depends upon the only 
work of his to which we need here reter— 
his ‘“ Histo of Civilisation in England.” 
This book, of very great size, is really no more 
than an introduction to the complete work of 
which the author’s premature death has deprived 
us. Perhaps the central doctrine of the work 
is the intimacy of the relation between geography 
and sociology, the doctrine “ that climate, soil, 
food, and the aspects of Nature are primarily 
causes of intellectual progress—the first three 
indirectly through determining the accumulation 


SOCIGLOaY 


and distribution of wealth, and the last by 
directly influencing the accumulation and dis- 
tribution of thought, the imagination being 
stimulated and the undorstanding subdued when 
the phenomena of the external world aro sublime 
and terrible, the understanding being em- 
boldened and the imagination curbed when they 
arc small and feeble” and, as a corollary, 
* that the great division between European and 
non-European civilisation turns on the fact that 
in Europe man is stronger than Nature, and that 
elsewhere Naturo is stronger than Man. the con- 
sequence of which is that in Europe alone has 
man subdued Nature to his service.” Jt is almost 
a necessary complement of these doctrines that 
*‘ individual efforts are insignificant in the great 
mass of human affairs, and that great men, 
although they exist and must at present be 
looked upon as disturbing forces, are merely the 
creatures of the age to which they belong.” 
In short, we may say that the theory of Buckle 
is a theory of physical fatalism—that human 
history might have been inferred from a know- 
ledge of climate. 

Many though his exaggerations are, Buckle 


=undoubtedly enunciated great truths, and, not- 


withstanding many inaccuracies of detail such 
as, of course, no historian can free himsclf from, 
his book must be read to-day by any who would 
make a scrious study of history. It has recently 
been published in the ‘‘ World's Classics,” so that 
it can be obtained for a very small sum. 

The Greatest Study in the World. The 
reader must not infer from the space which 
we have occupied in discussing the new concep- 
tion of history that sociology is no more than 
scientific hwtory, If it were no more it would 
still be, perhaps, the greatest study in the world, 
Yet this is really only one of its parts. We have 
placed it in the forefront of our study because of 
its great importance, and because by means of 
history and geography we are able to show that 
sociology, though a science, is most intimately 
related to other studies which we do not cus- 
tomuarily think of as sciences—though we certainly 
should do so. On the other hand, the present 
course has been designed to follow in «# rational 
and educative sequence the courses on Biology 
and Psychology. Jt is upon there sciences that 
our science is essentially based, and it is from 
their side and not from the side of history that we 
seck to approach it. An American observer has 
said that only too many professors of sociology 
in the United States have just “ happened into ” 
the subject—that when a man is unfit, whother 
by training or intelligence, for anything else, he 
can, at least, take up sociology, just as teaching 
in former days was the Just resort of the incom- 
petent. On the contrary, it is difficult to say 
whether the study of sociology or the profession 
of teaching is the more difficult and demands the 
greater training and devotion and skill on the 
part of the aspirant. The men who “ happen 
into ” sociology are the men who make it a laugh- 
ing-stock and a byword amongst serious people, 
and we must try to avoid anything so discredit- 
able as their performances. 
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CARPET. WEAVING 


Setting in Brussels and Wilton Carpets. Weaving 
Tapestry and Velvet Pile Tapestry Carpets 





By W. S. MURPHY 


Carpet Wools. The carpet industry stands 
out so distinctly from the cloth-weaving trades 
as to call for special study. In the weav- 
ing department most notably the particular 
differences aro essential, not accidental. The 
carpet weaver uses a quality of yarns all his own. 
What are called barbarian wools serve the carpet 
manufacturer's purposes as well as, and in tome 
cases better than, domestic wools. The wild 
sheep of India, Persia, and other quarters of 
the globo furnish wools of a hard, wiry character, 
which, utterly unsuitable for cloth manufacture, 
supply the hard strength and clapticity the carpet 
requires. We aro far from asserting that tine, 
sofb wools are not used in carpets, or that the 
finest wools would not make the finest carpets ; 
but it must be kept in mind that we are pro- 
ducing for the market. Wild wool» are cheaper, 
and give the desired result» at Jess cost than 
common wools. Our supplier of wools are not 
always easy to trace, and the carpet manufacturer 
need hardly trouble whence the supply comes 
so long as it serves his purpose. East India, 
Persia, and Argentina, are the main sources of 
carpot wools ; from Oporto we gather a supply 
of wools for the best classes of carpets ; and the 
coarser home breeds of sheep, with the skirtings 
and higher sorting numbern of the finer wools, 
mako up the rest of our raw materials. 












179. BRUSSELS LOOM 


Yarns. Many carpet manufacturers buy 
thoir yarns ready made ; but the greatest manu- 
facturers carry through the whole process 
from beginning to end, from the fleece to the 
finished carpet. So far as the weaver is con- 
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cerned, it matters little whether he gets his 
yarns from a hundred miles away or the ad- 
joining room ; he is concerned with the quality 
of his material. Uniformity and good colour 
are the primary requisites of carpet yarns. <A 
good yarn is free from lumps and kemps, and is 
properly and regularly twisted throughout. 
The fault. of lumpy and kempy yarn is obvious ; 
but the unobservant weaver may not readily 
perceive why the uniformity of twist is 50 im- 
portant. (Carpets naturally show a good length 
of the yarn ; if an irregularity of twist occurs, 
the surface of the carpet wil! show it, and no 
amount of treatment can hide the fault. The 
cut pile of the Wilton, for instance, will turn in 
every direction, like the grass-blades in a badly- 
mown lawn. To make sure that the quality of 
the yarn is up to the standard, the weaver should 
test a sample hank by scouring it) and com- 
paring it with an unscoured hank ; if the difference 
in twist and weight be very marked, the yarn 
should be rejected, or put into an inferior class 
of carpet. Ifa large quantity of one make of 
carpet is being woven, the tests should be repeated 
several times, because variations in quality 
are apt to occur. We do not in the least suggest 
traud ; it is merely a question of workmanship, 
and should be treated as buch. In heavy yarns, 
such as are necded tor carpets, exactnoss in 
spinning is not to be expected; but a variation 
of a fourth of a count is the utmost limit which 
can be allowed with safety. Uniformity in 
count of yarn adds much to the appearance 
of a carpet, though it may not seem likely to the 
buperficial observer. 

Colour. All carpet yarns are either dyed 
or bleached. For a knowledge of these processes 
we refer the student to the dyeing section of our 
course. But the weaver has an 
interest in the colouring of the 
carpet which cannot be passed 
over. To every weaving depart- 
ment one or more colourists are 
attached, whose duty it is to 
match the yarns. Selection of the 
colours is one of the most im- 
portant functions in the making 
up of a carpet. Badly matched 
or unevenly coloured yarns would 
ruin the finest design conceivable. 
Each form of carpet has its 
own system of apportioning this 
work, and it may be better to 
study it in the course of each manufacture. 

Warps. Carpets have two kinds of warp; the 
one is the surface or pile warp, with which is our 
chief concern, the other is the body or binding 
warp, which is composed of linen, cotton, or jute, 


‘and in a few cases of wool. Linen is both warp 
and weft in the highest class of loop pile 
carpets; lately, strong cotton elag have come 
into favour, because they are lighter and cheaper. 
The value of cotton as a carpet warp has not 
yet been thoroughly tested, and we do not 
undertake to dogmatise in comparing it with 
linen. Jute has gone greatly out of favour 


28 a warp, because it does not stand well the 
For 


hard wear to which carpets are subject. 
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theory of former days, every frame contained 
yarn of a different colour, and a five-frame carpet 
was also a five-coloured carpet. Under this 
theory, any atigmpt to put more colours than 
frames into a carpet was regarded as a kind of 
fraud. It was said that manufacturers were 
cunning who made six colours appear in a five- 
frame, five colours appear in a si Sea and 
so on. This was sheer and utter nonsense. 
Our good moralists supposed that the people 






weft, or shoot, lincn is almost universally used 
for all classes of carpets ; it is softer and weaves 
better than cotton of the same weight and class. 
For tapestry carpets we use @ warp significantly 
called stuffing, because it fills up the spaces 
between the threads of the warp. Stuffing 
is made of low-grade cotton yarns, or jute. 
It is very soft, and possesses very little tensile 
strength. Both warps and wefts are sized 
or dressed with strong size of a gluey nature, 
generally a weak gelatine. 

Having collected our various materials which 
are general to all forms of carpet, we must now 
proceed to examine the special constituents 
of each different kind. This may be done more 
simply and quickly in the actual process of 
manufacture than by any other method. 

Brussels Carpets. According to trade 
theory, Brussels carpets are classcd by the 
number of pile warps put into them. “ Six- 
frame,” “ five-frame,” “ four-frame,” and “‘ threc- 
frame,” are the classes woven, the first being 
the heaviest and costliest, and not often sold 
on the market; “five-frame’”’ 18 must in demand. 
In dealing with this part of our study, we must 
work warily, and make statements with duce 
caution. First. let us understand clearly what is 
meant bya frame, and how the number of frames 
determines 
the class of 
the carpet. 
Beginning to build up our pile warp, we lay down 
a creel of yarn bobbins, each one of which will 
supply a single thread to the warp. As there are 
260 threads in the warp breadth, we require that 
number of bobbins. That is one frame. If 
the carpet is to be a five-frame—that is, a 
carpet with a pile five threads thick—we require 
other four creels or frames, each containing 
260 threads or bobbins. According to the trade 
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who bought carpets knew the 
meaning of trade and technical 
terms and the customs of the 
industry. A designer might 
put ten colours into a carpet, 
but no one would buy it because he supposed it 
contained ten frames of yarn. The buyer is more 
concerned in buying a carpet to get a pretty pat- 
tern and a reasonable bulk, or wearing quality, 
than with the adherence of the weaver to a trade 
tradition of which he has probably never heard. 
One way of thinning the pile warp, however, is 
resorted to which can hardly be regarded us 
altogether fair to the buyer. We can put in the 
required number of frames, but, instead of filling 
them with the 260 threads required, we may put 
in only two-thirds of the number and cover up 
the deficiency. There are various ways of doing 
this. Obviously, we may spread the impoverish- 
ment over the whole pile warp, or we can confine 
it to one or two frames. Even this, however, is 
not more heinous than the putting of a small 
number of warp threads into an ordinary cloth. 
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The Gammot. If tho carpet is a five-frame 
with five colours, the duty of the “putter-on” 
is very simple. All he has to do is to procure 
the bobbins of the five differgpt colours, put 
in the creels or frames, and his duty is ended. 
But when there are mor colours than frames, 
and missing threads here and there, his position 
is one of more responsibility. From the design 
a plan of the warp called a yammot must be made 
out, and this is the guide of the puttcr-on. In the 
gammot are shown the threads which appear 
and those which do not appear in a given line of 
the warp. Itisverysimple. One line of squares 
on the paper is assigned to cach frame, and 
there are 260 squares in each line. Where 


all the warp threads are to appear. the whole 
of the squares will be coloured ; where any thread 
is to be omitted, the square of that colour would 
That is to say, five out of six, 


be left blank. 








or four out of five, or three out 
ot four warp threads would be in 
that line of the carpet. 

The Frames. Say that we 
have to make a five-frame carpet. 
We have to range five frames, each 
containing 260 bobbins of warp, 
upon the loom. The frames are 
long and clumsy; but that is a 
trouble that must be endured. 
From each bobbin the thread is 
drawn forward, forming a warp 
on the beam. At the same time | 
the linen warp from another beam J 
comes alongside. From overhead, iar 
the jacquard cords, the apparatus 
of which is already geared up, 
come down, and cach thread— 
say, 1,300 in all—is looped in its 
separate cord and passed through the dents of 
the recd. 

_ Weaving the Carpet. The carpet loom is 
simply a large power-loom [179]. with an enor- 
mously heavy warp. We have studied the loom 
at considerable length, and can understand how it 
works. But the formation of the carpet pile is 
a feature which here demands full explanation. 
When studying design, we acquired the general 
idea that all pile fabrics derive their spocial form 
from the insertion and binding into the warp 
of wires. The way in which this is accomplished 
18 worthy of examination. A Brussels carpet 
looping wire is a thick knitting wire 27 in. long, 
and it is made to lie under the warp threads 
called to the surface by the jacquard cords. 
How to insert and withdraw those wires auto- 
matically was, for a long time, a serious problem. 
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182. COMPTON LOOM 
(R. Smith & Son, Kidderminster) 





On some old looms still in use the first attempt 
at solving the problem may yet be seen. tt 
consists of a reciprocating rod with a catch at 
the end, which hooks into one of a set of wires, 
and draws it into the shed. By a similar 
mechanism the wire is withdrawn, after other 
five have been put in, and returned loose, the 
weaver placing it again in the groove, whence the 
rod can draw it out again and insert it into 
the shed. 

Looping Wires. More common, however, 
and certainly more convenien, is the roller-wire 
mechanism which inserts and withdraws the wires 
automatically. Several methods of applying the 
principle have come into use, but all work on tho 
pame basis. A roller is grooved into six sections 
so that any. one section will cover the space 
occupied by the number of wires inserted, and 
into those grooves the wires are inserted The 
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: cae) srooves contain wires 
Mme ready for use. On 
the casing of the 
roller a slide with 
two fingers is sot, once 
for pushing out and 
/ one for drawing in 
the wires. When a 
| wire is pushed out 
me into the warp, its 
- end falls within the 
ee holdofahoop, which 
erie) bringsitinto position 
and straightens it in 
the warp. At. the 
same moment the 
wire to be withdrawn 
comes into contact 
with the drawing-out hook ; it acts, and with the 
backward movement of the slide, is drawn into 
the groove of tho roller. Tho roller performs 
one-sixth of a revolution, and brings the next 
wire and the emptied groove into position. In 
this way we have always four wires in the 
fabric, while one i» coming in and one is being 
withdrawn. An improved application of the 
principle, with apparatus much simplified, is 
shown in 181. On the front elevation we see 
the rope-drum and pulleys which drive the 
mechanism ; from the end elevation and plan, we 
can observe the connections between it and the 
whole loom. 

Order of Weaving. The weft shutile is in 
the box and the loom is ready for starting. From 
the midst of the pile warp the jacquard selects 
the threads which are to form the surface at this 
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moment ; the wire inserts itself under the raised 
threads ; now the half of the linen warp comes 
up, and forms the shed ; through this the shuttle 
darts with its thread of weft, binding the wire in ; 
the pile warp goes down, and the linen warp 
crosses, leaving a shed through which the shuttle 
darts again. In this way we form the pile and 
build up the body of-our carpet. 

Wilton Carpet. Roughly speaking, the 
difference between the Wilton and the Brussola 
is that the pile of the former is cut to form a 
velvet pile, while the loops of the latter remain 
intact. But the technical differences are much 
greater than that. Wilton carpet looping wires 
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are oval in form, standing higher and forming a 
larger loop than the round Brussels wires ; and 
the extremity of each, as if the end had been 
hammered out and sharpened on the edge, is a 
knife blade (180), which, when tho wire is with- 
drawn, cuts the loups. But the weaving of 
Wilton carpets differs in a very important par- 
ticular from its rival fabric. On the Brussels, 
the picks of weft alternate, one up and ono 
down; but in the Wilton weave there aro two 
picks of weft up to one down, each wire having 
its own binding weft. This keeps the pile 
securely bound aftor it has been ct. 
Axminster. Tho production of the older 
form of Axminster, which. in all but price, is the 
rival of the best Persian and Turkish carpets, 
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belongs to a class of artistic handicrafts which, 
for various reasons, can hardly flourish in this 
country. No very considerable number of 
British artisans can ever be employed in that 
branch of the carpet industry, and those who may 
be, must be specially trained in all the practical 
details, from the first operation to the last, 
unloss, indeed, they are mere labourers to the 
skilled workers. The essential characteristic of 
the Axminster and all the Oriental carpets is 
the knotting of the worsted pile, tuft by tuft, 
into the body of the fabric, involving hand labour 
of a tedious nature. This fact. not only brings 
the cost of the carpet up to a figure prohibitive 
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to all but the very wealthy, but it also gives the 
Kasterns, with their cheaper standard of living, 
a great advantage over us. 

Compton Loom. But the Axminster has 
been brought within the machine factory by a 
series of inventions, of which the Compton loom 
is a fair representative. The Compton loom 
necomplishes the knotting of the tufts of worsted 
into the warp by mechanical means. The main 
feature of this Joom [182] is an endless lattice 
chain, on which are swung rollers wound with 
the worsted from which the pile warp is to be 
formed. Other features of the loom must be 
carefully studied. 

Setting. Our first duty is to preparo tho 
rollers which supply the pile of the carpet. The 
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large bebbins: to the deaigh,- 
worsted bobbins are selected and placed 
setting machine. Qn the creel af- the back of the 
machine [188] the bobbins are arranged in order, 
and a roller is put into the machine. When the 
required amount of yarn hes béen wound, a 

comes up and severs the w , and 
another roller is ready for work. Thus, with 
swiit facility, the rollers are wound. 

Weaving. The roller holders are taken to 
the loom and hung in proper order on the endless 
swivel chain, geared on the frame above. On 
the loom the warp beam has been placed, and in 
the slay the shuttle is ready. Just when the 
linen warp sheds, the holder with the pile yarn 
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184. POWER LO 
comes into contact ; it automatically turns over ; 
nippers come up and grip the ends ; on the tense 
worsted a swift knife strikes, leaving a set of 
short threads in the gripping jaws. The nippers 
turn over, and insert the short threads into the 
warp of the loom. Warp and weft loop round the 
pile, and the slay drives them tightly together. 
A row of tufts has been accurately woven into 
the carpet. In this way Axminster carpets, as 
heavy and strong as any knotted by hand, are 
made at the rate of forty yards per day. The 
lattice chains of rollers can be made any length, 
and therefore the possible variations in pattern 
are practacally limitless. ‘ tm 

Patent Axminster. In the year 1839, 
long before anyone else had been able to suggest 
a way of lessening the cost of the hand-knotted 
varpet by the application of mechanical inven- 
3904 
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M FOR OHENILLE WEAVING (Jas. Templeton & Co., Glasgow) 






pile of the 0 eter in into a wary 


the chonifle 
ogg tari. Oh ously, if we fasten string 
of together, a piJe esha dae be produced 


There are two weavings in making of tho 
patent Axminster carpet, but neither involv. 
any new Adaptation is the word 
which gives the key to the process of making 
this fabric. —, 

For.ning the Pile Weft. When th. 
of .the carpet has been put on the 
working paper, it is ott into vertical strips, 
which are laid end to end. ane jong strip thus 
made constitutes the length of the chenille web. 

sans <= By following the variation 
of colour marked on the 
strip, the weaver (185] 
will make chenille of the 
pattern seh a for form- 
ing the ign of the 
carpet. He must be 
careful, however, to sev 
that the strips, when 
folded one on the other, 
will remake the pattern 
The right-hand end of 
the second strip must be 
jomed on to the nght- 

and end of the first strip, 
the left-hand end of the 
third strip on to the left- 
hand end of the second 
strip, and so on, right 
to the last strip of the 
pattern. This strip 1 
given over to the weaver. 
who lays it parallel with 
the warp on the loom. 

The chenille loom, as 
we have already learned 
has a linen warp th: 
threads of which are sct 
in sections wide apart, 
so that the weft may 
float free between the 
warp threads. Otherwire 
the loom is simple, wher 
worked by power [184] 
Say that there are five colours in the carpet. We 
have five shuttles of different colours ready to 

lace m the shuttle-box. Looking at the pattera 
ed on the side of the loom, we find that the 
first four squares are green ; therefore, we take 
four pioks of green. Next two squares are 
bronze, and we make two picks of bronze weft ; 
next is a pick of black; and right on. By this 
action we produce a fabric of coloured a 
When fully woven, the web of chenille is taken 
off the loom. Now the web is brought to 4 
cutting machine, whereon the warp threads a1 
cut into halves, and the-whole web is formed 


into strips exactl erga Sag pattern strip, 
chenille ille wett 
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this is the @ carpet. 
- Weaving. oie Axminster. If 
the chenille be , it is wound on spools 


and put into shuttles, like ordinary weft ; but 
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worsted has been washed, dried, and wound ‘on 
large bobbins. According to the design, the 
worsted bobbins are selected and placed on the 
setting machine. On the creel at the back of the 
machine [188] the bobbins are arranged in order, 
and a roller is put into the machine. When the 
required amount of yarn has been wound, a 
knife comes up and severs the worsted, and 
another roller is ready for work. Thus, with 
swift facility, the rollers are wound. 
Weaving. The roller holders are taken to 
the loom and hung in proper order on the endless 
swivel chain, geared on tho frame above. On 
the loom the warp beam has been placed, and in 
the slay the shuttle is ready. Just when the 
linen warp shed», the holder with the pile yarn 
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comes into contact ; it automatically turns over ; 
nippers come up and grip the ends ; on the tense 
worsted a swift knife strikes, leaving a set of 
short threads in the gripping jaws. The nippers 
turn over, and insert the short threads into the 
warp of the loom. Warp and weft loop round the 
pile, and the slay drives them tightly together. 
A row of tufts has been accurately woven into 
the carpet. In this way Axminster carpets, as 
heavy and strong as any knotted by hand, are 
made at the rate of forty yards per day. The 
lattice chains of rollers can be made any length, 
and therefore the possible variations in pattern 
are practically limitless. 1 oe 
Patent Axminster. In the year 1839, 
long before anyone olse had been able to suggest 
a way Of lessening the cost of the hand-knotted 
earpet by the application of mechanical inven- 
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tion, a Paisley manufacture¥ named Janies 
Templeton conceived the idea of forming a 
pile of the tufted carpet by weaving into a warp 
the chenille fringes then being largely used for 
edging shawls. Obviously, if we fasten strings 
of fringe together, a pile surface will be produced 
There are two weavings in the making of tha 
patent Axminster carpet, but neither involves 
any new principle. Adaptation is the word 
which gives the key to the process of making 
this fabric. 


For.ning the Pile Weft. When the 
design of the carpet has been put on the 
working paper, it 18 cut into vertical strips, 
which are laid end to end. The long strip thus 
made constitutes the length of the chenille web. 
By following the variation 
of colour marked on the 
strip, the weaver [185) 
will make chenille of the 
pattern required for form- 
ing the design of the 
carpet. He must be 
careful, however, to set 
that the strips, when 
folded one on the other, 
will remake the pattern. 
The rnght-hand end of 
the second strip must be 
jomed on to the right- 
hand end of the first strip, 
the left-hand end of the 
third strip on to the left- 
hand end ot the second 
strip, and so on, right 
to tho last strip of the 
pattern. This strip is 
given over to the weaver, 
who lays it parallel with 
the warp on the loom. 

The chenille loom, as 
we have already learned, 
has a linen warp thr 
threads of which are set 
in sections wide apart, 
so that the weft may 
float free between the 
warp threads. Otherwise 
the loom is simple, when 
worked by power [184] 
Say that there are five colours in the carpet. We 
have five shuttles of different colours ready to 
place in the shuttle-box. Looking at the pattera 
fixed on the side of the loom, we find that the 
first four squares are green ; therefore, we take 
four picks of green. Next two squares are 
bronze, and we make two picks of bronze weft; 
next is a pick of black; and right on. By this 
action we produce a fabric of coloured stripes. 
When fully woven, the web of chenille is taken 
off the loom.. Now the web is brought to a 
cutting machine, whereon the warp threads are 
cut into halves, and the whole web is formed 
into strips exactly resembling the pattern strip ; 
this is the chenille weft for the carpet. 

- Weaving the Patent Axminster. If 
the chenille be light, it is wound on spools 
and put into shuttles, like ordinary weft ; but 
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for the large carpets we have still to depend 
on manual labour [186]. The chenille is wound 
on to spools, certainly ; but the heavy threads 
are let: out by hand, one man holding the one 
end and another the other, while they place 
it on the warp of the great carpet. At the 
same time another weaver gives the picker a 
stroke, and sends the binding shoot of linen 
thread across the web; then all pull forward 
the heavy slay, and drive home the binding 
weft and weft pile into the warp. As we have 
said, the weaving is all plain and easy work ; 
there is no new principle involved; but the 
work calls for considerable care and judgment 
as well as the skill that comes from practical 
experience. We should say that the patent 
Axminster gives a strong and,compact carpet, 
and no design is outside its 
compass. -- 

Tapestry and Velvet Pile a5 ne 
Tapestry Carpets. Invented 7 . er 
by Mr. Richard Whytock, of  @igaax ‘- 
Edinburgh, about the 
year 1840, this form of 
carpet has gained a (yam 
larger sale than any (SG Poe 
other. One very plain 
reason for this is its 
cheapness; but it has 
other merits, and people 
who are beyond con- 
sidering a few pounds | 
in the furnishing of a 
house frequently prefer 
the tapestry carpet for 
the floors of some of the 
smaller rooms of the 
home. This apart, the 
tapestry carpet appcals 
to the largest carpet-using public, and in con- 
sequence the tapestry-carpet loom [187] has 
been brought to a higher productive capacity 
than any other carpet loom. One who has 
studied and worked the ordinary power-loom 
need have no fear about undertaking to weave 
in the tapestry-carpet factory; but some ex- 
perience and careful observation will be needed 
before the requisite expertness can be attained. 
Females may work the light and narrow looms, 
but the broad looms are almost exclusively in 
charge of men. 

Putting in the Web. On the tapestry- 
carpet ioom we have practically three warps— 
the pile warp of worsted, the linen warp, and 
the filling, composed sometimes of cotton, but 
generally of jute. Upon the delicate adjust- 
ment of these depends a great measure of our 
success in weaving. The filling must always 
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lie exactly between the linen warp threads 
and form the backing of the worsted. On the 
other hand, the worsted must start even, every 
thread in its place, or our pattern is ruined. 
If the setter has done her work accurately, 
and all the threads of the pile warp are of 
equal tension and set exactly to the pattern, 
we have not much to fear. But many things 
may happen, and the displacement of a single 
stitch may mean disaster. Suppose, for ex- 
ample, one tick of green tips the pink point 
of a rosebud all the way through the web, and 
the thread on which it is printed has got slightly 
drawn out of range, the slight divergence may 
not be observable elsewhere in the masses of 
colour, but always at that one point the 
defect will appear. If this particular thread 
has many changes of colour, the flaw 
m4 will be seen at the edge of every 
change Of course, this gives the 
setter a better chanco of sccing and 
correcting the defect, and it more 
often happens in the former case 
suggested. The time of 
getting in a wob is an 

a: ae anxious one for all the 
; a | c n | parties concerned, and 
Peden 10 one breathes quite 

| lita os freely till everything 
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has been shown to 
have * come out cor- 
rectly. 

Weaving the 
= Tapestry Carpet. 
The loops of the 
tapestry carpet are 
formed hy the wires 
in the same way as 
in the Brussels, and 
the mechanism employed is similar. Wo have 
here no jacquard or other claborate appara- 
tus to mind; the whole operation is simple 
and straightforward plain weaving. Of one 
thing the weaver must be wary. Because of 
the force demanded from the reed in driving 
home the weft, the loose reed has not been 
adopted on the tapestry loom to any extent. 
In consequence, accidents with the shuttle 
are not uncommon. The weaver should always 
see that the race is plumb with the shuttle-box, 
and that the shuttle does not jump, even to a 
slight degree. Balance is difficult to maintain in 
a loom so heavily driven, and the temptation 1s 
to trust to luck and get through with the work ; 
but the weaver who makes a study of his loom 
and readily detects the merest disturbanco of 
the harmony of its working is most likely to 
weave quickly and well. 
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By JUSTIN McCARTHY 


Fi LIZABETH now came tothe throne. She was 

twenty-five years old, and had been brought 
up in the principles of the Reformation. She had 
received a liberal education, and was an accom- 
plished scholar. She loved literature, knew 
the great classic authors, spoke French and 
Italian fluently and fread the literature of those 
countries. She was fond of music and skilled 
in its expression, and was a brave and well- 
trained horscwoman. 

Character of Elizabeth. Her character 
was made up of contrasting emotions and 
inclinations ; she was sensual and vain, 
and could enjoy any amount of flattery, 
no matter how extravagant, yet she had an 
unusual amount of clear and practical common- 
sense. Whilo she passed with many of her 
courtiers as a merely frivolous creature who 
could easily be won by the most fulsome praises, 
she was quietly taking their measure and making 
them her instruments and puppets. Her com- 
ing to the throne was received with rejoicing 
by the Protestants, who saw that her reign 
would put an end to the persecution of the 
Reformed religion; and it was also received 
with hope by many Catholics, who believed, 
from their reading of der character, that she 
would trouble herself little about religious 
questions so long as she had a brilliant Court 
and could amuse herself according to her own 
tastes. 

Jt. is not probable that Elizabeth felt very 
deeply on religious matters, but her shrewd 
understanding soon taught her that her place 
in life must be that of a great Protestant ruler. 
The Pope, Paul IV., declared that he regarded 
her as illegitimate and could not sanction hei 
claim to the succession, and that as England 
was under the control of the Papacy she must 
resign her pretensions to the throne. The 
Pope’s action only served to convince the 
Protestants of Enyland that they must stand 
by her sovereignty or submit to England’s 
becoming a servant of the Papal rule. It 
seemed to them that to be an English Protestant 
was to be an English patriot. Elizabeth adopted 
the policy of the persecution of the Catholics, 
probably believing that she could not secure the 
safety of her throne, or the independence of 
England from foreign interference, by any 
other course. 

Elizabeth and Mary Queen of Scots. 
One of the events of Elizabeth’s reign most 
damaging to her character in history is tho 
manner in which she acted towards Mary 
Queen of Scots. Mary has ever been one of the 
most romantic figures in history. She was a 
woman of great beauty and charm, and of much 
intellect and culture. She went through many 


successes and misfortunes before the time when, 
In &@ moment of despair, she threw herself on 
the protection of Queen Elizabeth. Mary went 
to France in 1548, and was affianced to the 
Dauphin. She passed the next ten years at 
the French Court, where she received an excellent 
education. In 1558 she was marricd to the 
Dauphin, who on the death of the French King 
succeeded to the throne; but he died in the 
following year, and some struggles then began 
in France for the succession and control ot the 
administration. 

An Unfortunate Marriage. 1n Scotland 
the death of Mary’s mother had loft the State 
without a head, while the country was much 
disturbed by the followers of the old religion and 
the new. Mary had no desire to enter into that 
contest, and as the Reformers claimed to have 
the sanction of the Scottish Parliament she 
allowed them to take their course, while main- 
taining her own right to follow tho teaching of 
the Catholic Church. Her reign went on for 
some time in comparative peace and prosperity. 
It was soon thought necessary, however, that 
she should find a husband, and the Archduke 
Charles of Austria, Don Carlos of Spain, and 
many other nobles at home and abroad were 
suggested 3 candidates for her hand. Mary 
would have chosen Don Carlos, but this not 
being satisfactory to her Parliament, she suddenly 
decided to marry her cousin, Lord Darnley, 
whose mother was a granddaughter of Henry 
VII. of England. The marriage was in every 
way most unfortunate for Mary. Darnley was 
worthless and vicious, and she was soon repelled 
by his immorality and alarmed by his selfish 
ambition. Darnley had obtained from her the 
title of King, but when he tried to induce her 
to secure the crown to him for life, and to his 
heirs if she should die without leaving a child, 
Mary refused to give her consent. 

Rizzio and Lord Darnley. Mary's 
leading Minister since she returned to Scotland 
had been her half-brother, the illegitimate son 
of James V., James Stuart, a Protestant, whom 
bhe had made Earl of Moray. On Mary’s 
marriage with Darnley, Moray and some other 
Scotch nobles had rebelled against her, but the 
rebellion was easily suppressed, Mary dealing 
mercifully with the offenders. Since then 
Mary’s principal adviser had been David Rizzio, 
an accomplished but not judicious or trustworthy 
Italian, whom Darnley had hitherto regarded 
as one of his moxt devoted friends. When 
Mary refused to satisfy Darnley’s ambitious 
designs he at once regarded Rizzio as the cause 
of her refusal, and believed that he was her 
lover. Darnley persuaded some of the great 
Protestant nobles that Rizzio was influencing 
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the Queen against the Protestant Church, and 
on March 9th, 1566, he broke into the Queen’s 
room with a number of his new allies, and held 
her while they dragged Rizzio away and mur- 
dored him. 

Notwithstanding this, Mary still received her 
husband as before, and even succeeded in draw- 
ing him away from his recent allies. She may 
have forgiven him on account of his jealousy, 
or she may have determined, as a Catholic, not 
to renounce the man to whom she was married. 
Another reason may have been that a child of 
their marriage was about to be born. On 
June 19th, 1566, Mary gave birth to a boy, after- 
wards James I. of England and VI. of Scotland. 

But before long Darnley’s character became 
more repulsive than ever, and there was again 
some question as to the possibility of a divorce. 
The separation, however, was not destined to 
be accomplished by mutual consent or the 
operation of the State. In January, 1567, 
Darnley was attacked by smallpox at Glasgow, 
whee Mary visited him and brought him back 
to Kdinburgh. He was placed in a house outside 
the walls of the city, close to the Kirk o’ Fields ; 
and throughout his illness Mary attended 
him constantly, sleeping in a room below his 
bed-chamber and passing the evenings with 
him. On the night of Sunday, February 9th. 
she left him to go to a fostival in Holyrood 
Palace in honour of the marriage of a favourite 
servant. About two hours after midnight the 
house in which Darnley was lying was blown 
up by gunpowder, and his body was found 
afterwards in the garden. 

Bothwell. Public opinion in Scotland at 
once ascribed the crime to Jumes Hepburn, Ear! 
of Bothwell, a Scottish noble who had been much 
favoured by the Queen Regent, and raised to 
high official position by her although he had 
long declared himself a Reformer. In 1560, he 
wes sent by Mary of Guise on a mission to 
France, and there he first met the Queen of 
Scots, who, when she returned to Scotland, 
made him a Privy Councillor. He was an 
ambitious and audacious man, and his schemes 
brought on him imprisonment in Edinburgh, and, 
luter, exile to England and to France. After 
her marriage Mary recalled him, and restored 
to him all his dignitics. Bothwell was brought 
to trial as the author of Darnley’s murder, but 
was acquitted, and the trial was regarded by the 

ublic as a mere sham. Within less than a 
ortnight after his acquitttal, he captured Queen 
Mary as she was passing from Linlithgow to 
Edinburgh. She offered no resistance, and he 
carried her to his place at Dunbar. Bothwell 
had been married not long before to a charming 
young woman, from whom he now obtained a 
divorce. rid gave him a public pardon for 
his seizure of her person, and created him Duke 
of Orkney, and within three months after her 
husband’s murder became the wife of the 
man whom the whole country regarded as the 
author of the crime. 

This brought all her leading nobles into open 
rebellion against her, and ths feeling of the 
country now condemned ‘her as it condemned her 
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new husband. It was believed by some that 
Mary was a party to the plot for the murder of 
Darnley, or at least a tacit accomplice, although 
this was never proved. The army she had raised 
to resist the forces of the nobles dissolved without 
striking a blow when they showed themselves in 
battle array, and Mary was compelled to sur- 
render. She was consigned to a prison in the 
island of Loch Leven, and forced to sign an act 
of abdication in favour of her son, who was imme- 
diatcly proclaimed King at Stirling. After a 
long imprisonment, she contrived to escape and 
to rally to her side a small army of about 6,000 
soldiers, which was utterly defeated by the 
Regent, Moray. Then it was that she threw her- 
self on the protection of Queen Elizabeth, and by 
that act brought about the close of her strange 
career. Although she was kept ao prisoner, her 
presence in England was a source of continual 
trouble to Elizabeth and hor counsellors. 
Execution of Mary Queen of Scots. 


‘Mary had still meny supporters among the 


Catholics of these countries and of France, Italy, 
and Spain, who refused to believe her guilty of 
wny crime, and regarded her as the last hope of 
the restoration of the old Faith. Several plots 
were made for her release, and even for the 
assassination of Queen Elizabeth. It was said 
that letters from Mary were discovered during 
the trial of some of the plotters showing that 
she was a consenting party to their projects. 
She was put on her trial in September, 1586, 
found guilty, and sentenced to death. Elizabeth 
was for a time reluctant to sign the death 
warrant, and seems to have felt some doubt of 
the genuineness of the conviction, and some 
consideration for her unhappy captive. The 
Queen was at last prevailed on to sign the 
warrant, and on February 8th, 1587, Mary was 
put to death on the scaffold. To the last she 
bore ‘herself with a composure and a queenlike 
dignity which deeply impressed wll the beholders. 
She was buried at Peterborough, and some years 
after her body was removed to the Chapel of 
Henry VII, where it still remains in a tomb 
raised by her only son, James I. 

After the death of Mary, the Government of 
Queen Elizabeth increased in severity towards 
the Catholics. An Act passed in 1585 declered 
the presence of a Catholic priest in England to 
be treasonable, and his protection to be felonious, 
meesures which were in many instances cn- 
forced. Such enactments, and the unsparing 
rigour with which they were carried out, aroused 
the strongest feeling of hostility among the 
Catholic nations, especially in Spain. 

The Spanish Armada. Philip II. of 
Spain was himself a persccutor of faiths not his 
own, but he was none the less fervent in his 
denunciations of the persecution of the Catholics 
by Queen Elizabeth. He had other grudges 
against England as well as religious and political 
ones, for he had not only been an unsuccessful 
suitor for the hand of Elizabeth, but his policy in 
the Netherlands had been much opposed in 
England. He had long contemplated an attack 
on ‘England, and had even allowed his intention 
of invading England to avenge the death of a 


Catholic queen, and to restore her religion, to be 
publicly known. He had spent some years in 
maturing his plans, and the Armada of 1587 con- 
sisted of 130 large ships, more than 3,000 
cannon, 8,000 sailors, 10,000 galley slaves, 
20,000 soldiers, and some 1,400 volunteers, 
chiefly noblemen and their attendants. The 
whole Armada was commanded by the Duke of 
Medina-Sidonia. The English fleet, hurriedly 
prepared to encounter the invasion, consisted of 
80 vessels under the command of Lord Charles 
Howard, Sir Francis Drake, and Sir John 
Hawkins, and there were three armies on shore 
to repel the invaders should they effect a landing. 
The Armada sailed from Lisbon in May, 1588, 
but was dispersed by a violent storm. The fleet 
was soon got together again, and it actually 
entered the English Channel off Cornwall on 
July 28th, 1588. A series of engagements fol- 
lowed, in which the Armada suffered heavy losses, 
was dispersed by fireships, and had many vessels 
captured or sunk by the English. 

Elizabeth had been slow to admit the serious- 
ness of the danger, and her endeavours to keep 
down the expenses of the naval preparations led 
to the English victory being Jess rapid and com- 
plete than it would otherwise have been. 

But in spite of this it soon became evident to 
the Roniieh commanders that the day was lost, 
and they began their retreat to Spuin in the 
opening of August, suffering heavily from the 
stormy weather. The Spanish are computed to 
have lost 35 ships and 13,000 men. 


The Age of Literature. The eign of 
Elizabeth was the greatest age of literature 
England has seen, and may challenge comparison 
with any era of the world. The name of 
Shakespeare alone would immortalise the reign. 
It was also the cra of Edmund Spenser, of Sir 
Philip Sidney, of Marlowe, of Massinger, of Ben 
Jonson, and of many other great men whose 
works, if they do not retain at the present day 
their full popularity, are yet standard produc- 
tions of poetic and dramatic literature. [See 
LITERATURE ] 

Another great man of a different order, also 
an author, was Sir Walter Raleigh, a daring 
and successful soldier and explorer, some of 
whose highest triumphs were achieved during 
the reign of Elizabeth. But her chief favourite 
was Robert Dudlev, Earl of Leicester, an attrac- 
tive and brilliant but insincere and self-seeking 
man. Elizabeth was so taken with Leicester that 
she would undoubtedly have married him but 
for the remonstrances of some of her most influ- 
ential advisers. After Leicester’s death, Elizabeth 
took into her special favour Robert Devereux, 
Earl of Essex, but it is generally believed that 
her affection for him was maternal rather than 
lover-like. A quarrel arose between them, and 
wecording to stories told at the time, Essex 
turned his back upon her, and the great Queen 
forthwith boxed his ears. The two were never 
thoroughly reconciled. Essex after wards plotted 
wgainst Elizabeth, was found guilty of high 
treason, and on February 25th, 1601, was 
beheaded in the Tower. 
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Elizabeth and Ireland. Whatever may 
have been Elizabeth’s faults, she unquestionably 
had a sincere devotion to what she believed 
to be the interests of England. In a speech 
to her first Parliament, she declared that 
“ Nothing, no worldly thing under the sun, is 
so dear to me as the love and goodwill of m 
subjects.” In this we may credit her with 
sincerity, and it is certain that she was a most 
popular sovercign with all those of her subjects 
who clung to the principles of the Reformation. 
She was unpopular in Scotland among those who 
favoured the cause of Queen Mary, and as un- 
popular in Ireland, where she suppressed several 
rebellions and where her name is held to this 
day in detestation by the majority of the people. 
One of the most famous of her opponents in 
freland was Shane O’Neil, who belonged illegiti- 
mately to tho great house of O’Neil, on the head 
of which Henry VIII. had conferred the Earldom 
of Tyrone. The title carried with it, according to 
English law, the principle of hereditary descent, 
but in Ireland the clan or family were allowed 
to choose any member of the house to be its chief. 
Thus, on the death of the first earl, Shane 
O’Neil was chosen as his successor. 

The endeavour to enforce the Reformation 
principles in Ireland had aroused bitter resent - 
ment and hostility among the Irish, and the 
national cause had become a religious one as 
well. Shane O’Neil, already distinguished in his 
country by his devotion to the Irish cause, pro- 
clamed himself the champion of Ireland’s 
restoration to national independence. Elizabeth, 
amid all her troubles with foreign States, had to 
send a large army into Ireland, for Shane 
proved a formidable enemy. The Queen seems 
to have been attracted by the churacter of the 
rebel, and to have been inspired by the idca that 
she might win him to loyalty if she had an 
opportunity of discoursing with him. She 
invited him to visit her at her Court, and expressed 
a hope that she and her Irish people might be 
able to come to terms. O’Neil accordingly went 
to England with a number of his retainers, 

An Unsucceasful Ambassador. The 
negotiations, however, came to nothing, and 
he was retained in London rather as a cap- 
tive than as an ambassador. Eventually the 
Queen made it known that ©’Neil was to be 
regarded in future as a loyal] subject. But when 
he went back to Ireland he declared that he had 
been compelled to accept the terms under 
peril of captivity or death, and agnin rebellion 
broke out. 

O’Neil came to his end in a manner unworthy 
of his position as an Irish leader. In June, 1567, 
a quarrel broke out at a drinking festivity 
between him and some men who had been tribal 
enemies of his. The quarrel became serious, and 
Shane and some others were killed, and Ireland 
remained in a state of rebellion against England, 
more or less, through several generations. 

In her later years Elizabeth sank into ill-health, 
and she died at Richmond on March 24th, 1603. 
With her death came to an end the dynasty of 
the Tudors. 


Continued 
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By JOSEPH W. HORNER 


Gearing Chains. Gearing chains are used 
for transmitting power in caso3 where a flexible 
yet accurate drive is required. Their leading 
applications may be enumerated as follows: 
Driving steam-engine governors; driving line 
shafts from electric motors; driving motor- 
car axles; driving pumps and machine tools 
from electric motors; driving feed gears of 
machine tools; driving grain clevators and 
genoral convoyor work ; travelling gear of steam 
and electric cranes; agricultural machinery, 
etc; hoisting tackle for pulley-blocks and 
cranes. There are various types of gearing 
chains in use and cach 
type has its sphere 
of application more 
or less distinct from 
its fellows. 

The leading types 
are the stud chain, the 
block chain, the bush 











Fig. 120 illustrates a working drawing used in 
the manufacture of such chains. 

It will be seen that not only are all the details 
fully dimensioned, but the drawing-sheet con- 
tains data with regard to quantities and to 
naterial; the perspective view of the block 
gives a good idea of its shape at a glance, An- 
other feature to be noticed is the extreme exact- 
ness of the dimensions, vulgar fractions being 
inadmissible with the accurate machinery used 
in the manufacture of the chain. 

The Bush Roller Chain. Suitable for 
speeds up to 800 ft. por minute, the con- 
struction of this chain 
will be seen from 123 A 
and 123B, which is 
a reproduction of a 
Renold working draw- 
ing. The rivets of the 
chain carry hardened 
bushes, which form 


roller chain, and the — ~~ a a bearing for the anti- 
patent silent chain, = or =F friction rollers which 

The Stud Chain. = oS = ~sengage with tho wheel 
Fig. 119 shows @& ——— a 6 Ctceth. =The latest 
heavy stud chain as : | ractice of Tans 
used for hoisting | lL Renold, Ltd., in the 
tackle. It is designed | matter of issuing shop 
for a working load of 8 | drawings is to show 
10 tons, and a factor (oar each component part 


of safety of 10, con- 
sequently its breaking 
load would be 100 
tons ; a chain of this 
nature is designed 
simply for strength, 
and has not sufficient wearing-surface to render it 
suitable for transmitting power except at very 
slow speods, not exceeding, say, 50 ft. per minute. 

A table is given on this page showing the 
principal dimensions of this type of chain for 
various loads. The factor of safety varies in 
practice from 6 to 10; the loads given in the table 
are breaking loads, and must be divided 
by a factor of safety to obtain working loads. 
This chain is sometimes termed pin and link 
chain. 

The Block Chain. This is suitable for 
speeds up to 500 ft. per minute. The block may 
be hollowed, or flat; the design of this chain, 
as well as those which follow, is based upon 
the provision of ample wearing-surface rather 
than upon actual strength ; the proportions are 
settled by practice rather than by calculation. 
Accordingly the selection of a chain for any 
particular duty is best left in the hands of 
expert manufacturers such as Hans Renold, Ltd., 
of Manchester, whose reputation is world wide. 
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on @ separate card, 
cath 6 an. long by 
5m. wide [121]. The 
advantages of using 
the cards are briefly 
these: (1) The work- 
man has only the drawing of one item in tront 
of him, and since that is the one which he is 


DIMENSIONS OF STUD CHAINS 


need a aig No. of 
tons. inches, plates 
] 
Iz 
1 ‘go61 46 Fo ra ob 2 | atiagst) 4 
10 1? 4 
12} li 6 
15 2 6 
20 24 6 
25 23 6 
30 24 6 
40 24 g 
50 8 
60 g 
100 10 


concerned with, no time is lost in 
having to pick his part off a drawing 
containing other work; (2) if an 
alteration is to be made it entails only 
the a in of a few cards and the 
issnin revised ones, the incoming 
cards being destroyed, but when the 
whole drawing [128] is involved, it is 
&@ much more troublesome and expen- 
sive matter to put right ; (3) the 
whole drawing is retained in the 
drawing office, and assembly cards, 
as 122, are issued for putting the 
parts together. 

The Renold Silent Chain. 
The honour of designing and construct- 
ing the only satisfactory high-speed 
chain belongs to Hans Renold; 1,250 ft. 
per minute can be attained with this 
chain [124]. The construction is 
unique, and the action of engaging 
with the wheel teeth is entirely different 
to ordinary chain gears. In order to 
understand this better we will first 
investigate the action of ordinary chains 
and the formation of wheel teeth. 

Fig. 125 illustrates a wheel suitable 
for working with the chain shown in 
119; the tooth curves are involute, and 
there is just enough space at the 
roots for the easy working of the 
studs as the chain enters and leaves 
the teeth. This is tho simplest form 
and works satisfactorily with slow 
speeds and uniform loads. As speeds 
increase and loads vary, this con- 
struction must be modified ; the best- 
made chain will stretch, and then 
the whecl has to accommodate a varying 

and an increas- 
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also to be met ; 
the driving 
wheel has a 
tendency to 
run faster than 
the chain, while 
the driven 
wheel tends to 
lag behind the 
chain; this 
effect is seen in 
pete ed 126, egy is 
slightly exaggerated in order to show the clear- 
ing ar nian made. The pitch of the teeth is 
greater than the pitch of the chain in the case 
of the driving wheel, and the tooth spaces are 
much wider than actually required for the 
accommodation of the roller alone; by such 
construction the above-mentioned difficulties are 
overcome, but the life of the chain is seriously 
impaired if run beyond a speed of, say, 800 ft. 
pet minute. The difference in pitch between 
the chain and the wheel gives. rue to a series 
of little shocks as the ‘load i» transferred 
from tooth to tooth while running, such shocks 
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120. BLOCK CHAIN DRAWING 
being the cause of the wear and noise which 


limit the speed. 

The Patent Silent Chain. Referring 
now to the patent silent chain [124], we see that 
the action of the links is to come quietly into 
position without slide or shock ; when the teeth 
are worn, or when the chain is stretched, the chain 
rises automatically up the wheel tooth, as in 
127, and so accommodates itself to altered 
conditions, and maintains a silent drive. The 
chain consists of @ number of links of the outline 
shown, there being from 4 to 12 abreast accord- 
ing to power transmitted. There are various 
modifications of construction adopted to suit 
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128A. BUSH ROLLER CHAIN DRAWING 


ria drives, but the above principles do not 
iter. 

Chain Wheela. Chain wheels are ordinary 
castings for heavy stud chains, but are in- 
variably machine-cut for all other types. The 
diameter of a wheel is naturally kept as small 

ST in order to keep the chain speed down, 

also to save expense. When using block 
chains the limit of teeth in the pinion may be 
taken as six, although smaller ones have been 
employed for pace work. With roller bush 
chains eight teeth 
are considered to 
be small enough 
for ordinary work, 
while the ratio of 
the wheel and 
inion should not 
© more than 7 or 
8 tol. Thesmallest 
wheels for the 
patent silent chain 
should not contain 
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124. RENOLD SILENT CHAIN 


less than 15 or 18 teeth, 
according to construction of 
chain ; the gear rafio recom- 
mended should not be more 
than 5 to 1. 

It is desirable to arrange 
@ gear drive 80 that it con- 
tains en even number of 
links or pitches ; when this 
is unattainable recourse is 
had to special links as shown 
in the top right-hand corner 
of 128B, where they are 
cranked to fit outside of 
the links they would come 
abreast of. 

Chain Belting. A 
chain belt is a form of 
metallic chain used largely 
for elevating and conveying 
machinery ; the links are 
invariably of malleable cast 
iron. The design and manu- 
facture of this chain is even 
more in the hands of special- 
ists than that of the fore- 
going types, consequently the 
draftsman is rarely or never 
called upon to design them. 

Friction Wheels and 
Clutches. These are used 
for the transmission of 
power, at intermittent in- 
tervals, from constantly- 
moving machinery; or for 
rapidly disconnecting a por- 
tion of moving mechanism ; 
or for connecting machinery 
to engine after it has started 
up. Acommon application 
of the latter form is met 
with on motor-car work, 


where the engine is not 
capable of starting up 
against full load. 


The principles underlying this class of mechan- 
ism are discussed on page 958, and applications 
are illustrated on page 961 and 963 in MEroHa- 
NICAL ENGINEERING. We therefore proceed to 
delineate more fully several leading t; 

Fig. 128 shows a flat-faced friction wheel and 
oe as used on a friction hoist. The wheel 

an Ge to the rope-barrel of the hoist, and the 
bare runs loose upon the shaft. The end of the 
shaft is formed eccentrically, and is moved 
through a portion of an aro by means of the lever 





125. stTUD CHAIN WHEEL 






andoord. This movement 
brings the friction wheel 
into contact with its 
pinion, which latter is 
running constantly; the 
friction set up between 
the two surfaces causes 
the wheel to revolve. The 
barrel, being keyed to the 
wheel, must go with it, 
and so the load is lifted. 
The calculations involved 
are simple, and may be 
stated thus: The load to 
be lifted is 1 ton, the 
corresponding load on the 
periphery of the wheel is 


load x A _ 2,240 x 9 


we 


+ am 


Lae 





51 

= 395 Ib. 
Assuming the coefficient 
of friction to be ‘2 (cast 
iron on cast iron), then 
the pressure required be- 
tween the wheel and 
pinion is 
30 = 1,9751b., 
and the load on the opera- 

ting cord is therefore 


1,975 x C a 1,975 x °76 
D 70 
. = 21 Ib., 
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which is quite within the [3-74-24 + -@lns 





capacity of an average 
man to manipulate. The 
pulleys are designed as 
ordinary belt pulleys, but 
are somewhat heavier 
throughout, to withstand 
shocks due to the sudden 
application of the load. 
An enlarged view of the 1238B 
eccentric formation of the 

shaft is given in 128, which is a neat way of makin 
avery short lever arm. The weight near the en 
of the long lever is so placed in order to ensure 
the large pulley returning to contact with a 
brake block arranged overhead, when the hand 
cord is released. The width of the wheel is 
6 in. in the case illustrated, and this works out to 


we = 329 Ib. per inch of width. 


This represents average practice. High pressures 
per inch of width tend to heat the pulleys. 





126. NIAGRAM OF CHMIN AND WHEELS 


HANS REWOLD L ooh 
MANCHE STER. (2 


. BUSH ROLLER CHAIN DRAWING 


Friction Cones. Friction cones, or cone- 
couplings, as they are sometimes termed, aro 
used for coupling shafts together while one of 
the shafts is running, or for taking power from 
a revolving shaft. The latter application is 
shown in 129, the view illustrated being a 
section, and all portions circular. The outer 
cone piece A is bushed and runs loose on the 
shaft, being kept in its place endwise by 
means of the collars B and ©. Teeth are cast 
on the outside periphery, which engage with 
corresponding teeth of a spur wheel. The 
inner cone piece D slides upon feathers fitted 
in the shaft, and is moved by suitable lever 
gear 


fitted to the groove E. 
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128. FRICTION WHEELS 


with sufficient force to overcome the resistance 
to slipping between thoir surfaces. The end 
pressure required depends upon the coefficient of 
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129. FRICTION CONES 


friction and upon the angle of the cone. The 
gencrel formula in use is P= L _x sine % where 


Be 
P is the necessary end pressure, L is the load to 
be transmitted at the mean diameter 
of the cone. 6 is used to denote the 
angle ; ‘‘sine”’ is a trigonometrical ratio 
of the angle 6, and is found by dividing 









the perpendicular by the hypotenuse ; { | ” MDCG 
» Aenotes coefficient of friction. The {( i ley 
angle 0 is usually 10 deg., and» may be aerate OY 





taken as ‘2 for cast iron on cast iron. 


Reversing Cones. Another 
application of the foregoing type of 
cones is shown in 180 he outer cone 
A is in this case driven from the shaft 
by means of the cottar B, which 
through a slot, C, in the shaft. This 
cottar also passes through a central rod 
which is moved endwise at the centre 
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of the shaft. The outer cone is double-ended in 
order to engage with either the right or left hand 
inner cones, and these latter are each cast in one 
piece with a bevel pinion, and both pinions gear 
into a single bevel wheel ; the shaft D runs con- 
tinuously, and carries tho outer cone with 1t. 
When the shaft is running in the 
direction of the arrow E, and the 
cone F is engaged, then the bevel 
wheel runs jin the direction of the 
arrow G; but if the cone H be 
engaged, then the bevel wheel re- 
volves in the direction of arrow J. The central 
rod device can only be used when the cones are 
located a short distance from the end of the shaft. 
Failing this, they may be moved, as in the case of 
129, by forming the groove around the centre of the 
outer cone. The feather K assists to drive the outer 
cone, and its ends keep the inner cones at their 
proper distance apart. Sometimes collars are fitted 
at the ends of the feather in order to prevent the 
ends of the cones being cut by the feather. 
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180. REVERSING FRICTION CONES 
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181. THE “‘ WELLMAN SEAVER MORGAN” CLUTOH 


Friction Clutches. The principal ob- 
jection to the use of the friction devices just 
described is the resulting end pressure upon the 
bearings of theshafting Figs. 181 and 182 show 
two friction clutches which are practically free 
trom this defect. 

An expanding ring clutch is seen in 182. It is 
double-ended or reversible. The expanding ring 
A is driven from the shaft W key and by the 
piece B. It is expanded to drive the hollow of 
the mitre wheel In order to effect the ex- 
nansion, the ring is divided at D, and receives 
as ecl wedge piece, which 1s forced up by another 
wedge formed on lever E. This lever is moved 
by striking the cone piece F to the right or to 
the left. The angles of the wedges and of the 
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182. EXPANDING RING CLUTCH 





cone are such that they slip back when the 
pressure is removed. The adjusting screw G on 
the end of the lever provides means for follow- 
ing up the wear on the working parts, and so 
keeping the relative stroke of the cone a 
constant. 

A friction ‘lutch which has wide applications 
amongst mill work and winding engines, and can 
be built to transmit thousands of horse-powers, 
is shown in 181. It is made by the Wellman 
Seaver Morgan Co., Ltd. It consists of a centre 
driving disc A, which is keyed to the shaft, and 
carries with it a wood-lined strap, B, which is 
adjustable by means of its anchored end, C, on 
driving piece D, and is tightened by the end 
marked E and the lever F, the tail end of which 
has a spherical connection with the link G. The 
sliding collar H is moved by suitable striking 
levers, and causes the 
link G to move the 
ball end of the lever 
F from position J 
to position K. The 
strap is thus tightened 
upon the rim of an 
drum or wheel whic 
may be interposed be- 
tween the strap and 
the driving disc A, as 
shown in chain dotted section. Such interposing 
rim does not have any contact with disco 

The leading dimensions of one of these clutches 
are given on the drawing [181], which is a 
6-ft. diameter example, and can transmit 
1]-horse power per revolution, with a maximum 
lead of 20,000 Ib. on the rim. 

Continued 
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28 Remarkable Properties of Drugs and Beverages. Value of Tea and Coffee. The 


Cenutinued from 
page 88: 


Ridiculous Claim for Alcohol, Morphia, Opium, Tobacco, Strychnine, Quinine 





By Dr. C. W. SALEEBY 


Opium and Civilisation. We must now 
turn to a detailed discussion of a few of the most 
important vegetable alkaloids, and we shall begin 
with what for ages has been recognised as the 
most valuable of them all—a substance which 
has no rival in relieving pain, and which, unfortu- 
nately, by a perversion of the power of science 
has lately become accessible to all and has added 
another and a most terrible vice to our civilisa- 
tion. The juice which exudes from the ripe 
capsules of the poppy is known when dried as 
opium. The complexity of the composition of this 
product is amazing. Besides morphine, it actually 
contains at least seventeen other alkaloids, 
together with some peculiar acids, and a whole 
host of different salts as well as some neutral 
principles, albumen, glucose, fats, a volatile 
oil, ete. 

We insist upon this complexity of opium be- 
cause it is obviously a very serious objection 
to the use of this substance in medicine No 
wonder it upsets many people. Of all these 
constituents, however, there are only two that 
are of the slightest value. Both are capable of 
ready isolation. Hence, except on the ground 
of expense—which in such connection is not 
worth considcring—there is really no adequate 
reason why opium or its preparations should 
ever be used as drugs. Opium should be used 
merely as a source of the alkaloid morphine, 
which it contains to the extent of about 10 per 
cent., and of the alkaloid codeine, which is a 
methyl-morphine. The alkaloid thebaine, which 
has already been mentioned, is yearly responsible 
for a very large number of infant deaths since, 
in the case of infants, it is the most dangerous 
ingredient of the various patent medicines con- 
taining opium, with which the wicked and 
ignorant state of the law still permits many 
mothers unconsciously, or half consciously, or 
even deliberately, to kill their babies. 


The Preparation of Morphine. The 
preparation of morphine may be briefly de- 
scribed, since it is fairly well indicative of the 
general process by which alkaloids are isolated 
A cold, concentrated, aqueous solution of opium 
is treated with the chloride of calcium or barium. 
This precipitates various ingredients of the opium 
and converts the morphine into a hydrochloride, 
which is precipitated in turn by the addition of 
ammonia. The morphine thus obtained is washed, 
dissolved in hydrochloric acid, and crystallised 
out in the form of the pure hydrochloride, which 
is the most commonly employed salt. This is 
fairly soluble, like the salts of alkaloids in 
general. Morphine itself is not soluble in less than 
1,000 parts of cold and 300 parte of boiling water. 
The most important fact of the pure chemistry 


4006 


of morphine is that its decomposition, as might 
be expected, yields pyridin and chinolin. 

Unfortunately,: the higher chemistry has not 
yet reached a point which permits us to say 
anything whatever about the chemical actions 
involved in the effect of morphine upon the 
brain and other parts of the body. 

Opium Poisoning. We can here briefly 
discuss, however, the chemistry of the very 
interesting subject of opium poisoning. The 
first fact worthy of notice is that the most 
efficient means of persuading the stomach to rid 
itself of the morphine it contains is to be found 
in the prompt use of the substance called 
apomorphine, which, as we have seen, is morphine 
minus one molecule of water. This little difference 
is sufficient to deprive apomorphine of all the 
actions upon the nervous system which are so 
characteristic of morphine itself; but, on the 
other hand, the loss of this molecule of water 
endows it with the property of being by far the 
most powerful of all known emetics. 

The second eae about the treatment of opium 
poisoning is the very great value that attaches 
to the administration of the permanganate of 
potassium, KMnO,. About ten grains of this 
should be dissolved in one ounce of water. If 
Condy’s Fluid is at hand it may be diluted and 
administered, this being a solution of the salt. 
Similarly, if the stomach pump is employed, 
eight or ten grains of the permanganate of pot- 
assium should be dissolved in every ounce of 
water to be used, or the stomach may be washed 
out with diluted Condy’s Fluid. The value of 
the permanganate lies in the fact that it im- 
mediately oxidises any morphine with which it 
comes into contact, producing substances which 
are entirely harmless. In short, morphino is a 
reducing agent, and one of the tests for it con- 
sists in the decolorisation of solutions of potassium 
permanganate—this being due to the simul- 
taneous destruction both of the morphine and 
of the salt in consequence of the transference 
of oxygen. 

Obviously, the chemical aspect of the treat- 
ment of opium poisoning is concerned merely 
with the morphine that remains in the stomach. 
Unlike the case of carbolic acid, which can be 
pursued even into the blood by chemical anti- 
dotes, as we have seen, morphine, after absorp- 
tion into the blood, can unfortunately not be 
attacked by chemical means. 

The Chemistry of Morphia. Chemistry, 
however, has been of the greatest value 
in elucidating the facts, long familiar to 
physicians, of chronic opium poisoning or the 
similar poisoning due to the habit of using sub- 
cutaneous injections of morphia. The chemical 


elucidation of this subject is of the greater 

interest becdéuse parallel facts are more than 

likely to be demonstrated in the case of other 

chronic poisonings, such 4s that by alcohol, which 

: of course, vastly more important than even 
is. 

Let us keep in our minds what we have already 
noted regarding the remarkable fashion in which 
the simplest and most easily effected change in 
the constitution of the molecule of an alkaloid 
may cause it, so to speak, to turn upon itself, 
ant thus to possess pharmacological properties 
directly antagonistic to those which were 
formerly characteristic of it. Further, let us note 
that in many plants we find pairs of antagonistic 
alkaloids of which, in all probability, one is 
derived from the other by some such simple 
change as we have already illustrated. Remem- 
bering these facts, let us consider the case of 
chronic opium poisoning, or what, to give it its 
technical term, we may call morphinomanta. 

The Victim of the Morphia Habit. We 
find that the patient becomes depressed, irritable, 
weak, nervous, sleepless, and ill in many other 
ways at a certain definite point after taking a 
dose of this drug. But a new dose taken at this 
point will relieve all his symptoms, though 
this relief will inevitably be followed by o 
recurrence of them, to be similarly relieved. 
Now, this cycle of symptoms is much more ex- 
treme than one could reasonably explain on the 
mere theory of reaction in the nervous system. 
If a victim of the morphia habit be suddenly 
deprived of his drug entirely, he will not only 
be miserable, but will exhibit all the well-marked 
physical signs of very grave and dangerous 
prostration. In short, the patient looks as if he 
were poisoned—actively poisoned, not merely 
suffering from the loss of an accustomed stimu- 
lant. tthormore, as time gocs on, a whole 
series of changes occur in his body, and these 
are not changes which tally with the known 
properties of morphine. Now, in all probability 
these results are due to an oxidation product of 
morphine which is known as oxy-dt-morphine. 
This is formed in the body itself by a very simple 
change in the molecule of morphine, and it 
illustrates once again the remarkable fashion in 
which a slight change in the molecule of an 


alkaloid may reverse ita chemical properties in 
contact with living matter. 
A Problem for Chemistry. From 


this discovery it follows that the larger the 
amount of morphine taken the greater is the 
amount of oxy-di-morphine which is produced 
and causes the subsequent symptoms ; hence, 
suddenly to cut off the supply of morphia is 
suddenly to leave the patient under the un- 
antagonised influence of its derivative, which 
may be so powerful as to threaten death. Al- 
ready the recognition of these facts has led to 
great improvement in the treatment of these 
cases, which are daily becoming more common. 
It probably remains for organic chemistry to 
provide us with some substance which will pre- 
cisely destroy or neutralise the oxy-di-morphine. 
To do eo would be to cure the habit. These 
wretched patients must not be conceived of as 
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deliberately doing what will hurt them. On the 
contrary, the craving must be regarded as the 
demand of the body for some substance which 
will neutralise the appallingly distressing action 
of the poison which is circulating in the patient’s 
blood. The whole existence of the evil is due to 
the fact that the substance which is demanded 
and taken in order to neutralise the effects of 
this poison is itself the source of a fresh supply. 
Obviously, here is a practical problem which 
awaits its solution by the higher chemistry, and 
vy that chemistry will certainly solve one 
ay. 

The Essential Ingredient of Tea 
and Coffee. After morphine, caffeine may, 
perhaps, be regarded as the most interesting of 
the alkaloids. It is of very great interest, in 
the first place because of its chemical relations, 
secondly, because of its remarkable properties, 
and thirdly, because of its extremely extensive 
use by mankind—a use more extensive even than 
that of opium or possibly alcohol. This alkaloid 
is the essential ingredient of tea and coffee. 
The name thetne used to be applied to it when it 
was derived from tea, but it is one and the same 
substance in both cases. In this country we 
actually drink about four million gallons of tea 
every day, and the one and only ingredient 
which determines this enormous use of the 
plant is its caffeine. The percentage of the 
alkaloid in a typical leaf may be from nearly 
three to just over four per cent. The pro- 

rtion of it in Indian and Ceylon teas is slightly 

igher than in China teas. Whether the tea 

be properly or improperly made [see page 
3822], practically all the caffeine in the leaf 
enters the infusion. An ordinary cup of tea 
contains about a grain of caffeine. 


Caffeine is also the substance on account 
of which men drink coffee. The proportion 
of caffeine in coffee, after roasting, is about 
1 per cent. The roasting involves the loss of 
about one-fifth of the caffeine originally con- 
tained in the leaf. If the leaf be over-roasted 
much more caffeine is lost. Neither the taste nor 
the flavour of coffee or tea depends upon the essen- 
tial ingredient. An ordinary cup of coffee does 
not contain appreciably more caffeine than an 
ordinary cup of tea, despite the common notion 
that it is much less harmful to drink tea than 
coffee. People who are upset by cofiee and 
not by tea are usually affected not by the 
alkaloid, but by the volatile oil known as 
caffeol, which is formed in the bean during the 
process of roasting, and to which the aroma ot 
coffee is due. 


Now, cocoa contains no caffeine, but, in place 
of it, an alkaloid which is very closely allied to 
caffeine, as we shall shortly see, and is known 
as romine—from Greek theobroma, food of 
the gods, the botanical name for cocoa. 
proportion of theobromine in cocoa is about the 
same as that of caffeine in tea and coffee. 

What Caffeine is. The empirical formula 
of caffeine—which we may note is the essential 
ingredient not only of coffee and tea but 
alzo of Paraguay tea, or maté, and of the 
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beverages made from kola nut and of the sub- 
stance calied guarana—is C,H,, N,O., but this 
empirical formula, like most of its kind, is ex- 
tremely uninstructive. Chemically, however, 
caffeine is a product of a very well known and 
important body known as zanthin. This has the 
formula C;H,N,O.. Now, if the reader will 
recall the formula of uric acid, the simplest 
statement of which is C,H,N,0;, he will 
see that uric acid may be regarded as an oxi- 
dation product of xanthin. In point of fact, 
xanthin represents a very important stage in 
the series of chemical changes by which the 
bedy-substances known as nucleo-proteids break 
down into uric acid. 

Now, theobromine is none other than di- 
methyl-xanthin, while caffeine may be called 
either methyl-theobromine or tri-methyl-xanthin. 

Effect of Caffeine in the System. These 
facts give us some key to the manner in which 
we may conccive caffeine and theobromine to be 
produced by the numerous plants in which they 
are to be found. Plainly, they must be derived 
in the course of the breaking down of the nucleo- 
proteids which are found in those plants, as in 
all other living things. But the relations of these 
alkaloids are of even greater practical importance, 
because it is gencrally supposed that when they 
are taken into the body they become sources of 
uric acid like xanthin itself. Now, since the 
excessive presence of uric acid in the body is 
characteristic of gout and various other diseases, 
many people have joined in a crusade upon 
all articles of diet that yield uric acid. is 
crusade furnishes a very good instance of bad 
reasoning in matters of science. It is argued that 
because uric acid is found to be produced in 
excess in gout, any article of diet which produces 
uric acid in the body will itself tend to favour 
the production of gout. When we consider the 
matter we see that this does not follow in the 
least. The essence of gout is not the produc- 
tion of uric acid but a disordered cell chemistry 
which, as it happens, leads to the production 
of uric acid as one of its symptoms or indications. 
Unless it can be shown that tea, coffee and 
cocoa, for instance, lead to the production of this 
morbid cell chemistry, nothing can be alleged 
as to their supposed malign action. It is 
ludicrous logic to argue that because caffeine 
or tri-methyl-xanthin is a source of uric acid, 
it is therefore capable of disordering the cell 
hfe of the body in such a fashion as to make 
the contents of the cells themselves yield uric 
acid, Thus, the logic of the argument is worth- 
less. Still more amusing is the quite recent 
research (communicated to the Paris Academy 
of Sciences on June 18th, 1906), which shows 
that caffeine and theobromine do not yield 
uric acid at all in the body, but leave the body 
in the form of more complex substances, against 
which no evil action has been alleged. 

The Chemistry of Consciousness. 
Both the facte and the logic of this doctrine having 
been refuted, let us summarise, as briefly as 
possible, the main facte of this compound tri- 
methyl-xanthin, of which mankind daily con- 
sumes such gigantic quantities. The first note- 
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worthy fact is that, unlike alcohol and opium, 

caffeine is a true stimulant. An increased 
rapidity of the vital functions is not merely, 
as in these other cases, a preliminary to 
retardation of them, but constitutes the 
essential action of the drug. It is not 
then, a pseudo-stimulant but a true stimulant. 
Furthermore, its stimulation extends from 
the lowest to the highest tissues. So far as is 
known the drug is unique in that it stimu- 
lates the highest functions of the brain. In 
certain persons morphine stimulates the imagin- 
ation; everyone knows that Coleridge wrote 
a wonderful poem under the influence of mor- 
phine. But morphine does not stimulate the 
.reasoning powers ; caffeine, on the other hand, 
definitely does. There is no other drug which, 
like caffeine, has the remarkable property of pre- 
venting sleep, purely by its immediate action 
upon the brain. What exactly is the part that 
this alkaloid plays in the chemistry of conscious- 
ness, preventing those changes which result in 
sleep, no one yet knows. But the chemistry of 
consciousness is incomparably the most interest- 
ing and important problem of all chemistry; 
and it is an extremely interesting fact in this 
connection that tri-methyl]-xanthin, itself so 
closely allied to a degradation product of the 
substances which are characteristic of the 
nuclei of living cells, should have this remarkable 
effect upon the functions of the most wonderful 
living cells which we know or which we can 
conceive. 

The Great Value of Tea and Coffee. 
Caffeine not only keeps one awake, and is not 
only vastly superior to any other known sub- 
stance as a stimulant for any special intellectual 
exertion, but its stimulation on the brain is even 
and balanced, and has no subsequent reaction. 
The caffeine yields no product that antagonises its 
own actions as morphine yields oxy-di-morphine. 

We submit these very brief statements to 
the reader, and will ask him to observe the note- 
worthy fact that this alkaloid, beverages con- 
taining which have become practically a necessity 
of human life wherever and whenever they 
have beeh introduced to a people, stands the 
test of critical scientific investigation in a 
manner which explains its well-earned popu- 
larity. We are far from saying that tea and 
coffee are not capable of abuse, like most other 
or all other good things. But we will insist 
that chemistry has done a great service in 
enabling us to analyse these beverages and to 
distinguish between the actions of their various 
ingredients. The result of, the inquiry is to 
show that of the injury which these beverages 
do—an injury which is quite trivial when com- 
pared with the sum of their value to men— 
at the very least nine-tenths must be attri- 
buted either to the tannic acid which tea and 
coffee both contain, or to the powerful caffeol 
contained in coffee, and not to the alkaloid, 
unique in its combination of potency and all 
but innocence, to which these beverages owe 
their popularity. 

Caffeine crystallises out from aqueous 
solutions in light, silky, colourless crystals 


having one molecule of water of crystallisation. 
It is soluble only to the extent of 1 part in 
80 in cold water. At the temperature of boiling 
water it melts, and then volatilises. It can bo 
obtaincd quite readily from a cup of tea by 
treatment with an alkali and chloroform, in 
which it is highly soluble. Like other alkaloids, 
it forms salts, but these are very unstable. The 
most convenient of them, and one which is 
more largely employed every day, is the citrate, 
prepared by adding caffeine to a hot solution of 
citric acid and evaporating. This is very much 
more soluble than the alkaloid itself, and has 
the same properties. 

True and “False” Stimulants. No 
better proof of the stupid way in which tho 
word stimulant is used, even in scientific writing, 
can be furnished than the contrast between 
alcohol and caffeine. Alcohol is a sedative which 
has a period of preliminary stimulation. The 
ultimate oxplanation of its sedative action 
doubtless depends upon its interference with 
oxidation, which is the source of all the energy 
of the body. As we have already seen, alcohol 
retards the vital processes by increasing the 
stability of oxy-hamoglobin. In none but a 
superficial sense, then, is it a stimulant. A drug 
which interferes with oxidation and lowers the 
temperature is essentially the reverse of a 
stimulant. On the other hand, caffeine, which 
is & pre-eminent example of a truce stimulant, 
has beon proved to increase the oxidation of the 
body, as is evidenced by the increase in the 
amount of urea which is produced under its 
influence ; and, furthermore, in considerablo 
dores, caffeine raises the temperature of the 
body—this rise having been shown to be due not 
to any interference with the loss of heat by tho 
surface of the body, but to the increased produc- 
tion of heat consequent upon the more rapid 
oxidation which is caused by the drug. 

If the word stimulant is to be retained, cither 
in scientific or popular language, it is highly 
desirable that it should be used s0 as to mean 
bomething, and not so as to darken counsel by 
words without knowledge. The present writer 
has already, in the scientific journals, insisted 
upon the need for an intelligent use of the word 
stimulant, and he here submits to the reader the 
proposition that any substance which, like 
caffeine, increases the amount of oxidation in 
the body is fundamertally a stimulant, while 
any drug that does the reverse is fundamentally 
a scdative, oxidation being the very source and 
essence and condition of vital activity. Some 
such opinions as these are now steadily gaining 
ground. They furnish a good illustration of 
the general proposition that in al] matters of 
the living body tho analysis of phenomena is 
imperfect, and will only too probe be 
misleading, until it has reached the chemical stage. 

Atropine. The next important  alka- 
loid that we must consider is called atropine, 
being the characteristic alkaloid of the natural 
order of plants known as the Atropacce, or some- 
times as the Solanacew. Its chief source is the 
“deadly nightshade,” the botanical namo of 
which is Atropa belladonna. 
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Atropos, the reader may remember, was the 
eldest of tho Three Fates. She held the “ abhor- 
rcd shears,” and it was her function to out the 
thread of life. Keeping this in mind, the reader 
will be able to co ordinate his knowledge, as 
-knowledge should be co-ordinated in every well- 
made mind, so that Greck mythology, botany, 
an immortal English poem, chemistry, and 
toxicology—the science of poisons—may each 
suggest the other. 

The first point worthy of note is that thero 
is a whole series of plants, belonging to the same 
natural order, which yield atropine. Not so 
long ago different names were applied to the 
alkaloid according as it was derived from, for 
instance, the deadly nightshade or the thorn- 
apple; but the alkaloid is ono and the same in 
each case, and it is infinitely better to use the 
fame name for it. The reader will not fail to 
observe the significance of the fact that a series 
of plants which resemble one another in their 
external characters sufficiently to be classed in 
one order by botanists, also resemble one another 
so Closely in their internal vital chemistry that 
they each yield tho same substance. 

The Standardisation of Drugs. Atro- 
pine occurs both in the roots and the leaves of tho 
deadly nightshade, the percentage in tho latter 
—about 0°'4—being the more constant. The 
time has finally passed, however, when we can 
permit ourselves to make tinctures, extracts, and 
so on, of leaves and roots, and trust to chance 
for the proportion of the alkaloid that these 
preparations may contain. Either the alkaloid 
itself must be employed for medical purposes, 
or else these preparations must be standardised. 
This is now the rule ;_ at any rate, to the extent 
that the tincture of belladonna, for instance, 
in this country, is standardised so that it must 
contain 0°5 per cent. of the total alkaloids of the 
root. Other alkaloids occur in belladonna. 

These are very closcly allicd in molecular 
structure to atropine, and are also found in other 
plants belonging to the same natural order. The 
empirical formula of atropine is C,;H,.NO,, 
and it occurs in the belladonna plant in the 
form of a malate or salt of malic acid. It is 
dissolved out from the leaves or root by means 
of chloroform, and can be obtained in colourless 
crystalline needles. It can be decomposed into 
a somewhat simpler body called tropine, and an 
acid called tropic acid. This is important, be- 
cause tropine can be used as a source of other 
artificial alkaloids, one at least of which, called 
homatropine, is very useful. It has alto to be 
remembered that if drugs containing atropine be 
mixcd with alkalies, the alkaloid is decomposed 
into tropine and tropic acid, which are of no 
value. The belladonna plant also yields another 
alkaloid, which is known as hyoscyamine, since it 
is more especially characteristic of the henbane 

lant or Hyoscyamus niger. .The two alkaloids 
havo the same empirical formula, but differ in the 
structure of the molecule, the difference being 
indicated by the melting point, the optical pro- 
perties, and the action upon the body. They 
seem capable of ready conversion onc into 
the other. 
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A Remarkable Influence upon 
pica h ne aes not here oe 
th the physiological properties of this 
pease a aloid. which has the most 
marked action upon nearly all the functions 
of the body, even when it is administered in 
doses of one-hundredth of a grain, and one five- 
thousandth part of a grain of which is quite suffi- 
cient, when used by the ooculist, to dilate the 
pupil of the eye for many hours. In general, it 
may be said that atropine paralyses the terminal 
art—not the trunk—of all those nerves of the 
'y the business of which is to stimulate 
involuntary muscular tissue, and also the ter- 
minals of all the nerves that stimulate glands 
to pour forth their secretions ; hence the dryness 
of the mouth in cases of belladonna poisoning. 
We need scarcely comment upon the extraordi- 
nary significance of this selective action of the 
drug, which proves that the chemistry, or the 
physical chemistry, of the extreme tips of these 
peculiar kinds of nerves is utterly distinct from 
that of the ordinary motor nerves that supply 
voluntary muscular tissue, such as the muscles of 
the limbs. Atropine is an extremely valuable 
drug in medicine, and is the essential ingredient 
of nearly all the drugs that are given in asthma, 
whether these are patented or unpatented. 

The Mysterious Power of Hyoacine. 
We can say no more here about hyoscyamine, 
but henbane also contains a remarkable 
alkaloid known as hyoscine, which is very 
closely allied to atropine and hyoscyamine, 
and has the formula C,,H,,NO, This 
drug is of unique interest in relation to the 
chemistry of consciousness. The comparatively 
trivial difference in its molecular constitution 
suffices to endow it with properties not only 
totally distinct from those of its allies, but also 
unique in character and potency. It mry be 
said that even in cases of the most violent 
maniacal excitement of the brain, one-hundredth 
part of a grain of this alkaloid injected undor 
the skin, anywhere, will arrest consciousness and 
cause sleep within sixty seconds. Neither mor- 
pe nor hydrocyanic acid, nor any other known 

ody, can remotely approach hyoscine in its 
power of arresting what are, of course, incom- 
parably the most marvellous and incompre- 
hensible of all chemical processes—those with 
which consciousness is associated. Here we 
simply state the facts ; no explanation of them 
can be suggested, but the significant thing for 
those who look ahead is that it is from such 
indisputable facts as these that the science of 
the future will be enabled to elucidate the 
greatest problems of chemistry—those associated 
with life and consciousness. 

Tobacco. The tobacco plant belongs to 
the same natural order—the Solanacee or 
Atropacer—as the deadly nightshade and the 
henbane, and it also yields an extremely potent 
alkaloid, nicotine. icotine, however, differs 
Mgr markedly from atropine, for instance, 
in ita relations to the chemistry of life, and this 
we may associate with the fact that nicotine 
differs notably from the great majority of the 
alkaloids in that it contains no oxygen. Ita 
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empirical formula is C,>H,,N,, and it is also 
noteworthy as being a Heuid alkaloid. It occurs 
in the tobacco leaf in proportions varying 
between 2 and 8 per cent. e alkaloid is an 
oily, volatile, colourless liquid. Unlike moat 
alkaloids, it is readily soluble in water. It 
resembles other alkaloids in being extremely 
soluble in alcohol and ether. It is a very 
powerful antiseptic. The alkaloid itself is one 
of the most horrible and potent of poisons. 

Nicotine a Deadly Poison. A dose of 
nicotine will kill in a few minutes, even when taken 
by the mouth. Theextreme rapidity of its action 
doubtless depends upon its volatility. It is 
probably poisonous to every kind of tissue, and it 
alters the hemoglobin of the red blood corpuscles, 
as is proved by the modification which it causes 
in the spectrum of blood on which it has acted. 
In many respects nicotine contrasts very 
markedly with the typical action of the alka- 
loids of the natural order to which it belongs. 
It has extremely slight offects, if any, upon the 
chemistry of consciousness. This fact is of 
considerable interest in relation to the practice 
of smoking. Nicotine is never used in medicine, 
though before the discovery of the anssthetic 
properties of ether, chloroform, and nitrous 
oxide, tobacco was occasionally used, so that, by 
poisoning the motor nerves, and relaxing the 
muscles, it would permit the surgeon to reduce 
a dislocation. Any smoker who remembers the 
early effects of tobacco poisoning will appre- 
ciate the superiority of modern anesthetics 
over this alkaloid, which was of value simply 
because it made the patient miserably weak. 

The Chemistry of Tobacco Smoking. 
Smokers often describe as nicotine the oily 
mess which is apt to accumulate in a pipe, and 
of which they sometimes get a mouthful. If 
this, or 1 per cent of it, consisted of nicotine, one 
such mouthful would end the smoker’s cazeer. 
As a matter of fact, nicotine is not merely oxi- 
disable, as its physical characters and its formula 
would suggest, but is so at relatively low tem- 
peratures. The whole of the nicotine in the 
portion of tobacco that is undergoing combustion 
at any given moment is oxidised away. Pro- 
bably, also, nearly the whole of the nicotine in 
the portion of tobacco that is immediately about 
to undergo combustion undergoes decomposi- 
tion. It therefore been asserted, in all pro- 
bability much too hastily, that tobacco emoke 
contains no nicotine. If this were so, it would 
certainly be remarkable that the symptoms of 
poisoning by it so strikingly resemble those of 
poisoning by nicotine. 

How Nicotine Entersa:‘the Syatem. 
As a matter of fact, tohacco (smoke) does 
contain nicotine, which is volatilised from the 
tobacco that is so remote from the part under- 
going combustion as not to undergo decompo- 
sition but is yet near enough to acquire an 
amount of heat that suffices to volatilise it. 
In this gaseous form, then, the alkaloid is 
in by the smoker. The portion of it in tobacco 
smoke is, of course, eaceedin gly small, as the possi- 
bility of smoking without fatal results 
but it is nevertheless sufficient, the 
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being extremely potent, to cause very definite 
physiological effects. These vary considerably 
with ing conditions. As in the case of most 
other poisons, the body can acquire a relative 
immunity from its effects. Again, different 
individuals vary in their susceptibility to it, so 
that some can never smoke, while others cannot 
smoke a pipe, or can only smoke very mild 
tobacco in a pipe. 

Inhaling Tobacco Smoke. Further- 
more, the effects of the poison must obviously 
depend, other things being equal, on the actual 
quantity of it that enters the blood, and this 
depends upon the amount of absorbing surfaco 
which is exposed to the smoke. There is a very 
marked difference indeed between the amount 
of nicotine absorbed from the mouth and that 
absorbed by the lungs. This is the reason why 
the practice of sahaling the smoke of cigarettes 
is so extremely undesirable. Different tobaccos 
vary very widely indeed in the proportion of 
nicotine which they contain. There is exceedingly 
little in Turkish tobacco. 

This fact alone shows how completely smokers 
—who really ought to have some acquaintance 
with the chemistry of the subject—are misled 
The nicotine in tobacco smoke determines its 
strength alone. It has no influence upon its 
flavour or aroma. These are mainly due to an 
essential oil. Any smoker will say that a Turkish 
or Egyptian cigarette is “stronger” than a 
Virginian cigarette, but, as a matter of fact, 
the former contains very much less nicotine— 
though it doubtless contains more of the essential 
oil, and of various other imperfectly investigated 
—not to say artificially #added—compounds 
which may themselves have very marked pro- 
perties. 

We can merely note a few of the substances 
which are usually found in tobacco smoke ; nearly 
all are constantly present. They are nicotine, 
hydrocyanic or prussic acid, sulphuretted hy- 
drogen, nitrates, nitrites, carbolic acid, various 
compounds of ammonia, of sodium and of potas- 
sium, salts of acetic and other acids, creosote, 
sulphur, a volatile fatty acid, together with a con- 
siderable percentage of pyridin and several 
of its allies. 

Smoking Should not Begin till 21. 
We desire to emphasise the definite fact that 
nicotine, not to mention various other substances 
found in tobacco smoke, is essentially, funda- 
mentally, characteristically a poison. This state- 
ment holds good, and is not affected by the fact 
that, as in the case of arsenic and a hundred 
others, the adult organism is capable of acquir- 
ing an immunity from its action, and thereafter 
may obtain from it advantages of one kind 
aay another. But if the reader will consider 
the question of growth in living things from the 
standpoint of chemistry, and will try to realise 
the exceptional and peculiar complexity and 
delicacy of the chemical processes which are in- 
volved in growth, and incomparably more so in 
dew which is an infinitely more subtle 
thing than increase in bulk—he will be prepared 
to accept the general proposition that, in the 
first place, the adjustment to the constant in- 
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troduction of a poison, which is possible at a very 
small cost, for the relatively stable aduit or- 
ganism must involve far more serious modifi- 
cations in the vital chemistry of the developing 
organism ; in short, that a poison which may be 
tolerable for the man will be intolerable for the 
child, even if the dose be diminished in proportion 
to the ratio between their body weights. In 
naming the age at which the use of tobacco 
may be excused, most authorities are more or 
less influenced gs cs actual facts as to the ago 
at which boys begin to smoke. The general 
proposition is that the use of such a substance 
should be begun, if at all, only after the develop- 
mental period has passed ; and when Sir William 
Broadbent named tho age of 21 as the minimum 
he was undoubtedly nearer tho truth than those 
who—looking more upon the mere expediency 
of the matter—name such an age as sixteen. At 
any rate, it is a perfectly outrageous thing that 
irresponsible urchins of a dozen years should 
ever be permitted to injure themselves by the 
absorption of this poisonous alkaloid. 

The AlKaloid of Hemlock. From 
the spotted hemlock, or Conium maculatum (Nat 
Ord. Umbellifera), there is obtained an alkaloid 
known as conine, which may he considered 
here, since, like nicotine, it is liquid, oily and 
volatile, and also since many of its physiological 
properties are similar to those of nicotine. Its 
empirical formula is C,H,,HN. This body 
is of a yellowish colour, has an odour which is 
usually described as ‘“ mouse-like,” and_ its 
taste suggests tobacco. It can be obtained 
readily from the fruit or the leaves of the hemlock 
by distillation with alkalies. Conine is extremely 
unstable, being readily decomposed, both by 
light and heat. Furthermore, the prcportion 
of it present in the plant varies widely. Ite 
methyl! derivative, known as methyl-conine, also 
liquid, is found associated with it in the hemlock 
plant. All the preparations of hemlock pre- 

ared for medical purposes are to be condemned 

y a more advanced chemistry, since they are 
not standardised, and since the proportion of 
conine in them is quite inconstant. A classic 
and tragic interest attaches to the symptoms 
of poisoning by conine. An account of them, 
scarcely less precise and accurate than any that 
could be written to-day, when conine has been 
isolated from the plant and studied in detail, 
is to be found in the greatest of the dialogues 
of Plato, known as the Phaedo. At the end of 
this great dialogue there is described the death 
of Socrates, one of the supreme immortals of all 
ages, whom his Athenian fellow-citizons con- 
demned to death by hemlock. 

Strychnine. The plant known as the 
Strychnoa nux vomica contains a remarkable 
alkaloid known as strychnine, which occurs in 
the nut to the extent of 0°2 to 96 per cent. 
In this country preparations of nux vomica 
are now standardised so as to contain precise 
quantities of strychnine. The alkaloid has 
the formula C,,H,.N,0,, and can be obtained 
in the form of small colourless crystals. It is 
remarkable as the bitterest of all known 
substances, being able to cause in the nerves of 
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taste those chemical changes which lead to their 
stimulation, even in the gilution of one part 
in thirty thousand. It is extremely insoluble 
even in hot water, but is soluble to the extent 
of one part in six of chloroform. This erous 
alkaloid must never be prescribed with alkalies, 
iodides or bromides, for these precipitate it, 
so that, while the early doses taken from the 
bottle are of no value at all, the last may be 
fatal. Strychnine unites with hydrochloric 
acid in similar fashion to that of ammonia, 
yielding a fairly soluble salt, of which as much 
as one-fifteenth of a grain may be taken by 
an adult with safety. Allusion has already 
been made to the most important of the 
remarkable properties of this alkaloid. It con- 
stitutes, perhaps, the most appalling of poisons, 
since it has no action on consciousness what- 
ever. The treatment of strychnine or nux 
vomica poisoning is an urgent matter. Any 
alkaloid that remains in the stomach may be 
pretipitated by tannin or charcoal, or oxidised 
by permanganate of potassium. A large number 
of other antidotes face been tried, but there 
seems to be no doubt that the best hope for the 
patient lies in the administration of chloroform, 
which arrests the convulsions that would 
otherwise lead to the patient’s agonised death 
from exhaustion. 

Altaloida of Aconite. We may briefly 
allude to the alkaloids contained in various kinds 
of aconite plant, since, though this drug has 
fallen into deserved disrepute in these days, its 
ee alkaloid, acontine, is of interest as 
one of the most tect of all poisons. It has 
the formula C,,H,,NO,., and is accompanied 
in the plant by several other alkaloids which 
are closely allied to it. One of these is called 
aconine, and can be prepared artificially by 
heating aconitine in the presence of water, of 
which it takes up one molecule, then yielding 
aconine and benzoic acid. A plant belonging to 
this us and known as the cconttum ferox 
contains an alkaloid, pseudo-acontiine, which is the 
most poisonous of all known substances. About 
one-three-hundredth part of a grain woul¢ prob- 
ably killa man. Apart from such curiosities the 
root of the aconite plant may be regarded as the 
most powerful of all non-volatile poisons. 

Quinine. The last alkaloid which we need 
consider is the most valuable of al] with the 
exception of morphine. It is contained, together 
with four other closely allied alkaloids, in the 
bark of the red cinchona—Cinchona succtrubra. 
This beneficent plant grows in South America, 
and was wisely introduced into India many 
years ago by Sir Clements Markham. 

The empirical formula of quinine is C,)H., 
N,O,. It is found in the bark in the form of 
its hydrate. It can be obtained in the form 
of bitter, colourless, needle-shaped tals, 
which rotate the plane of a ra of polarised 
light to the left. Solutions of the oxy-salte— 
not of the chloride, for instance—of quinine 
are fluorescent, (The meaning of both of these 
statements will be intelligible to the student of 

course on Physics.) Guinidine, an isomer 
of quinine, also occurs in the cinchona. Its 
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most important distinction from quinine is that 
it is dextro-rotatory. Two other alkaloids, 
differing only from these in aarti. one atom 
of oxygen instead of two in the molecule, are 
also found in the plant. Of this second pair of 
isomers one is dextro- and the other levo- 
rotatory. Preparations of cinchona bark, now 
very rarely used, are standardised in this country 
as to their percentage of total alkaloids. 

Quinine is used in the form of one or other 
of ite salts. The salt chosen is almost invariably 
the sulphate, which, however, is soluble ay to 
the extent of one part in eight hundred of 
water, and is quite insoluble in alkalies. From 
these considerations it follows that when this 
salt is administered the patient benefits only 
by such a small proportion of it as can be 
absorbed before the salt reaches the first part 
of the bowel, the reaction of the contents of 
which is invariably alkaline. The truth is 
that the sulphate is used perhaps more because 
it was the form in which quinine was first 
discovered, and so had a long start, than for 
any other reason. A salt vastly superior is the 
hydrochloride, which has one molecule of hydro- 
chloric acid to each molecule of quinine; and 
still better is the acid hydrochloride, which has 
two molecules attached to each of the alkaloid. 
This last is soluble in less than its own weight 
of water. 

Quinine and Vita! Chemistry. Since 
quinine is the one known specific against 
malaria—the disease which causes more illness, 
though tuborculosis causes more deaths, than 
any other—itsa properties in relation to living 
matter are necessarily of the first interest. 
Needless to say, they have been studied with 
the utmost care, though even yet there is much 
to learn. We may say, however, that quinine 
appears to be one of those substances which 
in some degree or other directly interfere with 
tho processes of vital chemistry. This is as 
good as to say that it is an antiseptic. Malaria 
is now known to be due to the presence in the 
blood of minute parasites, and the value of 
quinine depends upon the fact that it directly 
kills these organisms. Students of the problem 
of impregnating the blood with an antiseptic 
know how all but impossible this is to effect, 
except at the cost of life itself. We have 
already seen, in the case of carbolic acid, the 
typical antiseptic, that the acid is altered into 
an inert sulpho-carbolate, and can exist as an 
antiseptic in the blood only at the cost of life. 
Quinine, however, though by no means a 
powerful antiseptic, can exist in the blood as 
quinine. It is well worthy Sf note, as proving 
the fundamental identity of vital chemistry in 
various forms of life, that quinine paralyses not 
only the malaria parasite, but also the white 
cells of the blood. Doubtless many of these 
are killed by it, but fortunately the body can 
replace them, while the malaria parasites, 
when killed, cannot be replaced. 

Quinine and Alcohol in the Body. 
One other point is well worth noting for its 


significance. 
In the case of aloohol we saw that one and the 


same substance both arrests the movements of 
the white blood corpuscles, and interferes with 
the decomposition of the oxy-hemoglobin of 
the red blood corpuscles. Now, the same is 
precisely true of quinine and of some other sub- 
stances. We naturally seek, then, for some 
reason which will furnish an explanation of what 
would otherwise look like a curious coincidence. 
The suggestion which may be here made is one 
dependent upon a consideration of the causes 
of motion in living things. The student of 
physics and of the doctrine of the conservation 
of energy is well aware that a white blood cell, 
like a bullet or a star, cannot display energy of 
motion, or kinetic energy, except in virtue of the 
transformation of pre-existing energy. Now, 
the source of energy in the case of the white 
cell—and this is true of the whole or all but 
the whole of the energy displayed in any living 
thing whatever, whether an oak or a man or a 
microscopic cell in the man’s blood—is che 
potential chemical energy which is liberated in 
the act of oxidation. Now, it would appear 
reasonable to infer that the reason why alcohol, 
quinine, and other substances which interfere 
with the reduction of oxy-hsmoglobin also 
interfere with the motion of the white cells is 
that these substances similarly interfere with 
the reduction of compounds comparable to oxy- 
hemoglobin, which must be present in the white 
cell as in every living cell, and which are its 
storers of oxygen; for the oxidation of proto- 
plasm, as we saw long ago, is not only intra- 
cellular but even intra-molecular. 

Quinine and Oxidation. Two further 
facts may be correlated with the theory which 
we have suggested. One is that the amount 
of uric acid excreted by the body after the ad- 
ministration of quinine is greatly diminished. 
Now, uric acid, as we have already seen, is an 
oxidation product of the particular kinds of 
proteids which are found in the nuclei of living 
cells, and are called mnucleo-proteids. White 
blood cells practically consist of little more 
than nuclei, and are a most important source 
of uric acid, for when their numbers are greatly 
increased, as they are in certain diseases, the 
umount of uric acid excreted is also increased. 
Similarly, in this case we see that the amount 
of uric acid excreted is diminished when the 
amount of oxidation in the leucocyte is 
diminished. 

The second fact is that quinine interferes with 
the process of oxidation in many other kinds of 
living matter, in addition, as we suspect, to 
white blood cells. The absorption of oxygen 
by various fungi is interfered with under the 
influence of quinine, and various lowly vegetable 
organisms which normally display phosphores- 
cence—known to be due to rapid oxidation— 
cease to display this property when they are 
subjected to the action of quinine. 

Why quinine should interfere with oxidation 
is as yet quite beyond the power of chemistry to 
say; but it is a step thercto to have included 
under this one proposition—interference with 
oxidation —so many and apparently diverse 
properties of this substance. 
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There are two important groups of compounds 
which are related to the alkaloids, but are, 
nevertheless, quite distinct from them. The first 
of these go by the name of neutral principles. 
They are not alkaloids because they are not 
basic, but neutral, and they are not glucostdes 
because they do not yield glucose, but they are 
related to both these groups of substances, and 
many of them are extremely potent drugs. 
Typical of them is the body known as aloin, 
which is the active principle at alieh, the valuable 
purgative, and by selling which at a price a few 
hundred times too high to persons, all of whom 
are ignorant and to many of whom a shilling 
is a serious matter, most of the patent medicine 
manufacturers derive their monstrous incomes. 

Glucosides. More important are the gluco- 
sides. They have long beon known to be of the 
utmost interest because several members of this 
group are amongst the most potent of drugs. 
But we shall also see that quite recently—indeed, 
within the present year—a new interest has come 
to attach to the glucosides in general because 
of the part which they are believed to play in 
the body. Glucosides may be defined as complex 
organic substances which are compounds of 
glucose. Until quite recently they were supposed 
to be confined to plants. They are crystalline. 
When hydrolysed by various agencies, such as 
certain acids and alkalies, or by means of such a 
ferment as the emulsin found in the almond, 
they yield glucose and some other substance, 
most commonly an alcohol, an aldehyde, or a 
phenol. We have already alluded to an example 
of a glucoside in salicin. In this, and in all other 
cases, the name of the body must be spelt with 
w terminal -in, thus distinguishing it from the 
alkaloids, the names of which are marked 
by a final e. 

The Most Valuable Heart Tonic. 
The glucoside salicin, though exceedingly 
valuable, is not often employed in medicine 
now, because sodium salicylate is more cun- 
venient. But it may be noted that the most 
valuable stimulants which are employed as 
favourable to the health of the heart are 
glucosides. The leaves of the common purple 
foxglove (Digitalis purpurea) have long heen 
in use as by far the most valuable of all 
known heart tonics. Of recent years they have 
been very carefully studied, with results which 
significantly resemble those obtained in the case 
of many other plants—that is to say, the recog- 
nition of the presence within the plant of 
substances whose molecular construction is 
all but identical, but which, nevertheless, 
exercise upon the body properties diame- 
trically opposed to one another. We have 
already striven to make it plain to the 
reader that there would be relatively little 
interest for us, a3 chemists, in the mere 
fact that molecules, slightly different, exercise 
different properties. This we should expect. 
The significant thing is that the properties 
are not merely different, but directly antagon- 
istic, and this is found to occur again and 

ain in the case both of alkaloids and of 
glucosides. 
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The Chemistry of the Foxglove. The 
leaf of the foxglove contains four glucosides, 
very closely allied ; possibly there may be more. 
It contains no alkaloids whatever. Of these 

lucosides, one (which is identical with a glucoside 
ound in other rei such as the senega plant of 
the New World) is a powerful poison to the 
muscular tissue of the heart, and thus directly 
opposes the action of its neighbours and rela- 
tives. Obviously, then, as soon as it is possible 
to obtain the valuable glucoside without the 
worse than worthless one, the use of crude 
a Sits of the leaves must be superseded. 

e one serious rival of the foxglove as a 
heart tonic is the seed of the strophanthus 
gah used as an arrow poison by the natives of 

est Africa. The cotyledons of the seed may 
actually contain as much as 50 per cent. of an 
extremely powerful glucoside called strophanthin. 
This extraordinary substance (the function of 
which in the plant is entirely unknown) has a 
unique chemical relation with the muscular tissue 
of the heart. This markedly differs from its 
relation to muscular tissue elsewhere, and 18 
true alike of the heart of man, the highest of 
mammals, or of the heart of the frog, which 
is a mere amphibian. 

A Remarkable Identity. The reader will 
ponder upon the necessary inference that there is a 
chemical] identity in heart muscle wherever found. 
This glucoside, and the same is true of many other 
substances, proves that the chemical relationship 
between the heart muscle of a man and the heart 
muscle of a frog is actually nearer than that 
between the heart muscle of a man and the 
muscular tissue of the midriff or diaphragm 
on which that heart rests. To the best of the 
writer’s knowledge the significance of these 
facts has never hitherto been insisted upon, 
but it is surely evident enough, once considered. 
A solution of one part of strophanthin in ten 
millions will so violently stimulate the muscular 
tissue of the heart of a frog as to arrest it in a 
state of continuous spasm. 

New interest has lately been attached to 
the glucosides by experiments which seem to 
show that the glucose that is found in human 
blood, and that represents the form assumed, 
as the result of digestion, by all carbohydrates, 
does not exist in the blood as such but as a 
glucoside. The fact seems to be that uncom- 
bined glucose would be treated as a foreign 
body in the blood, and would promptly be re- 
moved from it. Existing as a glucoside, however, 
the glucose may remain, and when it is needed 
by the muscles, which find in it s source 
of the potential energy which they transform 
into work, the glucose can readily be obtained 


from the glucoside by means of hydrolysis, 
under the influence of one or other of the body 
ferments. We have already seen that plants 
contain ferments capable of effecting this 
decomposition. 

Chemistry of Plants and Animals. 
Special interest attaches to these researches 
because they afford one more illustration of 
7 gators power within the animal body— 

e synthesis in this case being that involved 
in building up into a glucoside the glucose 
which the blood derives from the bowel. 
It used to be stated positively that the 
fundamental distinction between the chemistry 
of the plant and the chemistry of the animal 
is that synthesis—as in the making of proteids 
and carbohydrates—is peculiar to the plant alone. 
All the chemistry of the animal body, or practi- 
cally all of it, was supposed to be analytic. 
The animal body could merely break down 
the compounds which had been built up by the 
plant. general, this great distinction is un- 
doubtedly true, and is absolutely fundamental 
to our conception of the chemical balance 
between the various kinds of living things. 

But it is of t interest to know that 
there are not a few cases in which the animal 
body is capable of effecting synthesis for itself. 
A more accurate manner of expressing the 
distinction will have to be found, and perhaps 
we may find it here. The animal body may 
build up glucose into a glucoside for its 
own convenience; but, both in the case of the 
glucose and of the other compound with which 
the glucose is combined to form the glucoside, 
the animal body is first dependent upon the 
synthetic power of the plant. 

‘*No Sun, no Shakespeare.” Now, the 
plant is dependent upon nothing at all. The very 
elements suffice for it. On the other hand, what- 
ever synthetic powers the animal body may yet 
be shown to possess, we may take it as certain 
that it is absolutely destitute of any power of 
ae up compounds from elements. The 
blood of every animal contains a large proportion 
of elemental nitrogen, but nothing ever comes of 
it. The lungs of every civilised person contain 
large quantities of elemental carbon, but nothing 
ever comes of it. Elemental phosphorus may 
be administered to an animal, but though phos- 
phorus is a necessary constituent of living matter, 
nothing ever comes of it. The necessary 
nucleo-proteids—containing phosphorus—of the 
animal cell, it owes one and all to the synthetic 
activity of the vegetable cell. The world of life 
is so wholly one that, in the natural order, 
we may say No green leaf, no Goethe; just as 
we may say, No sun, no Shakespeare. 


Continued 
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MAKING BOOTS AND SHOES _ | .eatner 
Measuring the Feet. Cutting, Skiving, Sewing, Stitching. Making 9 
the Thread. Machine Sewing. Buttoned and Elastic-sides Boots pa Racer at 
page 3877 


By W. S. MURPHY 


BADLY FITTED boots are extremely annoy- 

ing to the wearer, and sometimes dangerous. 
If the fashionable shape fits no human foot, 
the fault lies with the customer who chooses to 
wear—for the vanity of appearing fashionable—a 
boot that injures the foot. But let not the 
shoemaker whose customers complain lay that 
flattery to his mind too much; he, and not 
fashion, may be to bleme. The first condition 
of comfortable boots is accurate measurement. 
Feet vary as much as individuals; you will 
never see two persons with fect exactly alike, 
and there are even differences betwecn the 
right end left foot of the same person. In 
the ready-made trade we have got over the 
difficulty presented by these facts by a careful 
gradation of sizes and classes of boots, which 
shall be explained in due time ; but every hand- 
made boot is formed for the foot of the customer 
by whom it is ordered. Actual moasurement is 
the obvious way of oe at the proper sizes 
of the boots to be made. Simple as the propo- 
sition appears, many shoemakers ignore it one 
way or another. To spare the customer trouble, 


the length of the foot and the height from heel 
to front of the instep are taken, and the rest 
Both from 


worked out to a acale of averages. 
a technical and a 
business pvint of view, 
this is a mistake. Cus- 
tomers like to feel that 
we are taking trouble 
with them, and doing 
our best to please. If it 
ia done in a polite man- 
ner, additional bother 
gratifies a customer. 

Outlines of the 
Feet. An outline of 
the soles of the cus- 
tomer’s feet is very 
useful. To obtain this, 
lay a piece of paper on 
the floor, and ask the 
customer to stand on 
it. Carefully go round 
the foot with a pencil 
held perfectly upright, 
and trace its outline, 
marking the positions 
on this tracing where 
all the cross-measure- 
menis are taken. [See 
page 1330.] 


The Measurer. 
The measurer should use 
two standards, the size- 
stick (29 H, page 3879] 


a 





30. CLICKING, OR CUTTING OUT UPPERS 


and the tape. <A size-stiok is a thick foot-rule 
with a fixed block at one end for the heel to rest 
against, and at the other end a sliding block 
that comes up to touch the toe of the foot. The 
stick is marked with inches, divided into 
sixteenths, and the boot sizes divided into 
halves. Let the two blocks gently enclose tho 
foot from heel to toe, and mark down tho 
number indicated. 

Method of Measuring. The diagram on 
page 1330 illustrates the best method of taking 
measurements. On the foot itself we have three 
dimensions corresponding to the main features in 
its structure. The tape marked “joint” indicates 
the direction of measurement across the joint. 
In a properly formed foot the tocs are not in 
line, and the tape must be slanted round the foot, 
and the exact angle registered on tho tracing. 
The rule is to take the root joints of tho large 
and small tocs and to draw the tape neatly round. 
Mark down the number of inches and fractions. 
Put the tepe round the foot at the instep, as 
shown on the diagram. This is meant to show 
the thickness of the foot round the centre of the 
instep arch. Mark that measurement down, 
and then shift the tape to the heel, or bend of 
the foot. Tho tape marked “ankle” showa 
the direction in which 
me measurement should 
ie. 


Accuracy. It is of 
prime importance that 
this measure should be 
accurately taken. For 
button boots especially, 
the size from Nice! to 
front determines a great 
deal ; if too slack or too 
tight at that point, the 
symmetry of the whole 
boot is lost. Discom- 
fort can be avoided by 
simply sewing on the 
buttons according to 
the width required, or 
lacing the boot alackly ; 
but though comfort is 
assured, the boot re- 
mains a botch. For 
men’s boots, one “ leg ” 
measurement only is 
usually taken. The point 
of measurement is at 
the slendereat part of the 
leg, about 2 in. above 
the ankle-bone, as shown 
on the figure. Many 
men are rether carcless 
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about the tops of their boots, and bootmakers 
are apt to fall into the same moods as their 
customers. No well-dressed man wears boots 
slack at the ankle, and our object is to make our 
customers capable of being well-dressed. The 
trousers, like the grave, hide much bad work, 
but it is wrong to count on hiding anything. 

Long Boots, Ladies are more particular 
about footwear than gentlemen, and the fair 
sex gives the shoemaker many a hard problem 
to solve. Every now and then the fashion 
brings in a form of long boot, reaching .Jmost 
to the knee, or shorter perhaps, but still a 
long-legged boot. The shoemaker must take 
the height desired from the lips of the fair 
customer, and measure accordingly. In addition, 
the height from the heel to the top of the boot 
should be taken. 

Notes. For his own guidance, and with- 
out showing it to the customer, the shoemaker 
should make a note of peculiarities in the fect. 
Very beautifully formed feet are round at the 
instep, and measure more than feet of a lower- 
class model, and apparently broader. In some 
feet the toes spread out, while in others th 
are close and compact, seeming almost cram 
but not really so We do not refer to defective 
feet at the moment, but simply to the actual 
differences among average healthy feet. Large 
jointe of toes and ankles are very often a cause 
of trouble, and lownesss of arch or instep pro- 
duces frequent disputes with customers, the 
high instep being a coveted mark of breeding, 
according to a popular fallacy. 

A Shoemaker’se Duty. Defective feet, 
the number of which only the shoemaker knows, 
bring special problems of their own. Deform- 
ities are out of the question. What we mean are 
slight defects produced by long standing, over- 
exertion, tight, ill-fitting boots, and such like. 
A shoemaker is not a doctor, but he takes on 
himself, if he is wise, some care and thought 
for the comfort and health of his patrons. 
Towards those little failings in the pedal equip- 
ment of his customers the bootmaker has a duty, 
which may be summed up in the words, “ hide, 
help, heal.” Unfashionable shapes of boot, 
square toes, low heels, and other remedies 
are not recommended by wise bootmakers ; 
if a man knows his business thorouguly he can 
hide, help, and heal those minor ills cf the feet, 
and no one, not even the customer, be one bit 
the wiser. 

Working at Boot Tope. For a good 
while the making of tops has been a special 
branch of the boot e; but that, for the 
present, may be left out of view. The duty 
“lt the bootmaker is to learn how to make a 

t. 

Variations in Value of Boots. We 
have first to select our leather, and out it. To 
the ave outaider, the wide range of prices 
charged for boots must be somewhat ing, 
and it is here the mystery begins. boot- 
making by hand we have not the same wide 
range of quality as in the factory, 
no one thinks of asking for a hand-made 
uniess prepared to pay a fair price. You 
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buy boots in the retail shops at 7s. 6d. a pair, 
and that money would not pay for hand labour 
alone. Cheap boots are machine-made; but 
there is more in it than that. Some maochine- 
made boots are priced as high as 25s., and may 
be seen in the same shop as the cheapest class. 
The reason for this may well be sought. The 
secret is partly in the leather, but not wholly. 
The difference in the cost of material used 
for the highest and lowest class of bootie not 
over 5s. or 6s., taken in the mass. That is to 
say, take pound for pound of leather, web for 
web of lining, mounting for mounting, and the 
difference is not so very great. But you will 
get more pairs of low-class boots out of a hide 
than you can get of a better class. Tho cutting- 
out proceeds on quite different principles. A 

rst-class boot top has no side seams ; it is one 
solid front. This means a large -amount of 
waste in a hide. Even the most skilful cutter 
has to lay aside for inferior purposes, or fling 
into the waste bag, a large portion of costly 
hide. A seamless boot is an altogether finer 
foot-covering than one with three seams, but it 
has to be paid for. 

Economic Facts. Another thing that 
has sometimes been questioned may ex- 
plained here. How is it that you can occasion- 


“ally get boots with uppers of fine leather at 


factory prices? The answer is, that these boots 
are from the scraps left over from high- 
class boots. The fronts of all boots are fairly 
large pieces of leather; but take the half of 
a, back, and you will see how you could get any 
number of them out of pieces of leather other- 
wise useless. Bootmakers are not exempt 
from economic law any more than any other 
class of workers, and the public may depend 
upon it that where a higher price is openly 
charged a higher value is given. 

Cutting. We have taken in hand a pair of 
a average strong boots, of medium class. 

e uppers are to be of one class of leather, with 
side seams, and therefore in three parts, quarters, 
golosh, and vamps or fronts, properly so-called. 
The fine grain leather is laid on the cutting-table, 
with the measures. Near the table are hung 
files of shapes cut out of strong paper. These 
are the model patterns for every conceivable 
size, You can get them to buy; but in the old 
days, every bootmaker built up his own stock 
of patterns, and the practice made good work- 
men. The patterns for the size measured are 
selected, ane the figures of the measure com- 
pared with those on the patterns. The foot of 
the customer may be built_on finer lines than 
the Beale or it may be shorter and broader. 
In the former case the cutting has to be fined 
so as to make a higher top with less breadth; in 
the latter case, the ends of the fronts and backs 
are to be shortened, and the fore parts of the 
fronts broadened. 


Practical Method. Having settled the 
ee we now take the 
cutting in hand [80]. Lay the pattern of 


the fronts on the leather laid flat on the board, 
and draw the point of the knife round the edges, 
making a clear sketch for the path of the cut. 


Then drive the knife steadily along the lines. 
Place the two fronts separate, so that you can 
keep the whole material of right and left boots 
together and without risk of mixing. The 
quarter, golosh, and vamps are out, and then the 
linings and bindings are got. When you have 
piled together the makings of a pair of boots, 
the heap is of a size much larger than might be 
expected. A wise plan is to tic all the pieces 
of each top together and take out as required. 
Even though you are going to start to make the 
left upper next minute, it is right to place all 
the parts together, and sec that they correspond. 
Many a member of tho craft has had many 
bitter hours because he neglected that simple 
precaution, and landed in confusion. 

Skiving, Sewing, and Stitching. Tlic 
parts of the top have to be joined together, 
and it is desirable that the jomts should be neat 
and smooth. A double thickness of leather at 
every joint would pro- 
duce an ugly and un- 
comfortable boot. Ob- 
viously, the — proper 
course is to thin the 
edges of the leather at 
the joints, and this 1s 
done by a process named 
skiving [81]. The skiving 
knife is a crescent of 
thin sted], with a sharp 
elge; but we havo 
seen a good old work- 
man doing it neatly on 
his Japboard with an 
ordinary cutting-knife. 
What is needed in the 
operation is steadiness 
of hand and a good eye, 
for the thinning must 
be graduated regularly 
all round and leave a 
clean edge on the front. 
Model skiving is about 
din. broad, and true all 
round, (Careful practice 
alone makes good 
skiving. 

Stiffening. Before sewing the parts of the 
top together, we have to stiffen the backs ; 
we have provided a good piece of leather for it, 
though some use linen. Carefully skiving the 
upper edges, we paste it firmly to the inside of 
the hack, and leave to dry, preparatory to 
sewing. 

Thread. Now we have to prepare our 
thread. Shocomakers are the last of the uscrs of 
threads to retain the making of them in their 
own hands; tailors have surrendered their 
threads to the great manufacturers. Our 
thread is peculiar and special. It is composed of 
several strands of fine flax twisted and waxed into 
one. Take hold of the loose end of the ball of 
flax as it lies in its box, and draw out the length 
you can handle; double it back and draw out 
another skein of equal length, repeating till you 
have a thread of the thickness required—four- 
ply, five-ply, or six-ply. Cut off from the ball, 
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and roll and twine the threads over your knee, 
and make a uniform cord. 

Waxing the Thread. Left dry and freo 
the threads would quickly separate, und wear out 
singly ; unprotected from water and weather, 
they would rot. Wax is the binder and proserv- 
ative. Holding the piece of wax in one hand, 
the sewer draws the thread through the wax, 
and soon clothes the length in a fine, brown. 
shiny coat, 

Brisues. The hardened threads taper to 
a point, but we could hardly make speed. in 
sewing with only those points for necdles. 
From time immemorial the trade has used 
bristles for this purpose, and modern ingenuity 
has not been able to improve upon the device. 
The bristles are from 4 in. to 5 in. long, and very 
strong. They have een specially sclected 
by the bristle merchants who import the bear 
bristles for the brushmakers. Every bristle 
has what is technically 
called a flay ; but to the 
common ecyc it looks 
like a split Our neigh- 
bours. the brushmekers, 
like the flag to be as 
small as possible, and 
might he pleased to be 
without it if Nature 
would oblige; but) to 

wu moderately-sized 
flag or split is useful. 
The thin section of the 
bristle can be made into 
v tie to twist on to the 
end of the thread, and 
the bristle secured with- 
out a knot. 

Sewing. Tailors join 
the pieces of cloth about 
to be sewn with Jong 
stitches of white thread ; 
but that is hardly prac- 
ticable with leather We 
fasten the pieces of the 
top together in a tem- 
porary way, by means 
of tacks. Let it he 
tucked together to see how it looks, and 
how the pieces form with each other. Having 
worked the top into shape, we can mark the 
lines where the sewing is to be, and pull out 
all the tacks excepting at the joints where the 
sewing has to be begun Fix the parts in the 
boot clamp; bring it between the knees ; 

ierce the two plics of leather with the fine awl ; 
insert the bristle of the waxed thread, and 
draw it half way through Sew the seam 
right up to the end, making small, even, regular 
stitches, pulling the thread tight at every stitch. 

Machine Sewing. After the sewing- 
machine came into use, topmakers had frequent 
disputes with the bootmakers as to what seams 
might be stitched with the machine and what 
should be sewn by hand. The practical and 
honest solution of that question is very simple. 
At least it was simple in the early days, because 
the machine could not sew as strongly and 
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surely as the hand; but improved machines 
have done away with the difference to almost 
a complete extent. It is a safe rule, however, 
to sew with the hand those seams on which 
the stress of wearing is put. Reliability is 
one of the chief qualities of the hand-sewn 
boot. In the class of boot we are making. 
the stitching of the machine must be confined 
to ornamental uses, and for tacking in the 
lining. 

Ironing. When the whole top has been 
sewn, the seams require to be ironed down. 
Smoothing irons are httle bars of steel, of various 
breadths, from } in. to 2 in., and these are 
heated cleanly at the gas, or in the gas stove, 
and applied to the seams one by one. Heavy 
pressure is needed, and you bear your weight 
on the top of the iron handle, and rub firmly 
to and fro till the seam is flat to the leather. 
With heavy seams the smoothing iron may 
be helped with a gentle tapping of the 
hammer. 

Linings. Faulty lining is a frequent 
cause of trouble to both bootmaker and boot- 
wearer. It may be too tight and draw the 
top out of shape, or it may be too slack and form 
wrinkles inside the boot. Besides selecting 
the best and most suitable materials and cutting 
accurately, we must pay close attention to the 
sewing and tacking of the linings. (‘hamois 
leather is the highest class of lining, but it 
is too warm for many people ; fine split leathers 
are ready to cut and break; and the most 
sensible material for ordinary wearing boots 
is a strong twilled cotton, with leather bindings. 
It is a waste of time sewing linings by hand. 
The best plan is to paste them carefully 
together and pass them through the sewing 
machine. 

Tongue. This piece of soft leather, shaped 
like the section of a truncated cone, is tacked on 
to the mouth of the boot by the sewing that 
holds upper and front together, with an 
additional tack to the inside of the upper, 
making it like a two-hinged door. 

Mountings. Fancy boots have mountings 
of various kinds, such as toecaps of enamel 
leather, and other trimmings; but plain boots 
have only the eyelets and hooks or fasteners. 
Punch tha holes in a regular row up the 
two fronts, half an inch from each edge, fully 
half an inch apart, with the hand punch. Put 
the eyelets in the holes and clench them on the 
inside. The operation is simple; but it may 
be done carelessly. The eyelets of hand-made 
hoots are generally neater than those done by 
the machine, the eyelets in the latter being, 
as a rule, broken out at the inside by the force 
of the clenching. 

In this state the top goes into the hands of 
the shoemaker, as we curiously term the man 
who puts in the soles. We leave the final 
finishing touches till the hard work of the welt- 
ing, soling, and heeling is all done. But it would 
hardly be fair to pass on without mentioning 
some others of the boots we have to make. . 


Button Boots. Most of the button boots 
on the market are made in the factory. 
Essentially of light style and material, this 
class of boot lends itself specially to the sewing 
machine. All the same, a capable workman 
can make a better and more lasting button boot 
than any combination of machinery. The 
fronts and backs may be the same as above 
described, but the uppers are quite different. 
Though, to outward appearance, the addition 
of the buttoning flap and the buttonholes 
seem the sole novelty, the fact is not so. The 
uppers are made full,.so that the side under 
the flap comes close up to the other side. 

Flap. This gives unity to the front, and at 
the same time protects the foot from the sewn 
seam of the flap. No matter how fine a scam 
may be, the double thickness of the leather is 
felt, and to a sensitive foot the irritation of the 
hard ridge would be intolerable. When sewing 
on the flap, this should be kept studiously in 
mind. The head of the flap continues the line 
of the upper round the Jeg, and curves round 
above the ankle-bone. 

Elastic Sides. At present this form of 
boot is greatly out of favour, but there is yet a 
good trade done in them about the North of 
england, and among well-to-do elderly people 
who stick to the fashions of their early days. 
While elastic sides were fashionable, the artistic 
faculty of the bootmaker was not allowed to sleep. 
Uppers and fronts were decorated in various 
styles and some of the designs were really pretty. 
A common style was the long upper, reaching 
down to the toe-joints, coming from above the 
ankle and covering the whole instep, joining a 
golosh or bottom formed of one solid piece and 
sewn up the back. The upper of fine kid, and 
the golosh of enamelled leather, made an attrac- 
tive boot. 

Parts of the Upper. Spread out on 
the cutting-table, the upper-front had the 
appearance of a flounder without the fins. In 
cutting the bottoms, regard has to be paid to 
the rise of the foot above the toes. The front 
is cut to come almost within touch of the ankle- 
bone, the whole breadth of the ankle being 
left open for the elastic insertion or gusset. 
Of course, the backs are insignificant, and mere 
bits of triangular leather, but it must be re- 
membered that these small pieces support the 
gussets and largely determine the balance of 
the whole boot. Backs of elastic sides have to 
be well cut, firmly and evenly sewn on the 
bottom, and stiffened with care. Gussets are 
woven silk or fine cotton, the indiarubber 
enclosed in the fabric, slender elastic strings 
giving a good spring. Round the gusset space, 
the lining is left opzn, and the gusset, cut to 
size, is sewn in, either by machines or by 
hand. 

A style of elastic-side favoured by many has 
the appearance of a top boot. The whole front 
of the top is one solid piece. The back, also 
one piece, is joined in a side-seam. The gusset 
is oblong, narrow and circular at the bottom. 
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HOW TO VENTILATE OUR ROOMS | seatrn 


Entrance and Exit of Fresh Air. 


Methods of Securing Effectual Ventilation in Dwellings. 


By Dr. 


]X an ordinary room there are three openings 

for air, besides what can enter through the 
walls ; and these are the window, the chimney, 
and the door. 

The Chimney. ‘here is no doubt that 
the great safety valve of most rvoms is tho open 
chimney, which is of far more importance as an 
air-shaft than as an outlet for the smoke. Were 
it not for the English love for an open fireplace, 
and hence an open chimney, it is hard to say 
what would become of large numbers of the 
population. No chimney ought, thorefore, to be 
stopped up; and, under ordinary circumstancos, 
no room should be without one. 

Ventilation really consists of a double process— 
the removal of foul air and the admission of 
frosh. Now, the chimney is principally of use for 
the former part of the work. Carbonic acid gas is 
very heavy, and with care can actually be poured 
from one glavs into another. When it is expired, 
it is, of course, heated, and, being lighter than 
air, ascends to the ceiling. This is the time 
for getting it out of the room, and the best 
way is by an opening near the ceiling right 
into the chimney, with some simple valve 
(Arnott’s) to prevent the smoke from coming 
out into the room. Without such a contrivance 
the carbonic acid gas cools and falls to the floor. 
This makes it very dangerous to sleep on the 
floor in close rooms without open chimneys. 
When (‘O, has thus fallen, the draught to the fire- 
place and up the chimney quickly carries it oft. 

The Window. The window is the second 
great means of ventilation. It ought, in the 
majority of rooms, to be so arranged as to br 
always open, by night as well as by day. It is 
impossible to overrate the beneficial advantages 
arising from this simple procedure. 

No doubt considerable surprise is felt by some 
that no mention has been made of the escapo of 
foul air by the window, and especially at the 
top. The window may be opened at the top 
as much as you like, but it cannot be too clearly 
understood that when so opened, as long as the 
air inside is warmer than that out of doors, 
the fresh air enters there, and the foul air does 
not go out. The window in this country is 
practically always an inlet—whether open top 
or bottom does not matter—and not an outlet. 
The chimney is the outlet. There should be, 
however, as we have shown, an inlet of 24 sq. in. 
for each person, and this can be made in various 
ways. One is,by a simple window board about 
three inches deep, on which the lower sash shuts, 
so that while the bottom of the window is still 
closed there is an opening between the two sashes, 
admitting fresh air in an upward direction ; 
or a board can be fixed across the front of the 
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lower window:sill about six inches high, so that 
the lower sash can be raised behind it, and a 
double upward draught formed, the one between 
the two sashes, the other between the lower sash 
and this board in front. 

Windows should always be open an inch or 
two at the top, and if at all large, a small 
pulley and a double cord should be fixed so as 
to pull the upper sash up and down easily with- 
out having to push and pull from the outside. 
The draught can be directed upwards in various 
other ways. The air can enter upwards behind 
a false cornice, so that when the window is 
apparently securely shut an opening is left 
above. An ordinary venetian blind serves some- 
what the same purpose if partly Jet down. An 
ornamental glass screen, fixed on the lower sill so 
as not to rise with the window, is more ornamental 
than a board, and prevents any direct draught. 

With these simple contrivances no draught 
is possible ; and the cold air, directed upwards, 
falls in a gentle shower all over the room. 

Tobin's tubes, already alluded to, are flat tubes 
against the wall, opening into the outer air 
below and into the room at about the level 
of the mouth, in an upward direction. 


The Door. The third and worst way of 
ventilating a room is through the door. It is 
a capital saving, and should be enforced, that 
doors are made to shut and windows to open, 
and not vice versi. If a room is already suffi- 
ciently ventilated. there will be no draught 
rushing in at the keyhole, as can be seen by the 
flame of w candle held there. If there is inguffi- 
cient fresh air in the room, it will do its best 
to get in by the door, carrying with it, of course, 
all the smells, poison and sewer gas that may 
exist in any part of the house. 

Ventilation is really self-acting. The poisoned 
air does its best to escape out of the room and 
the fresh air to enter, and if we do not absolutely 
prevent thik by ignorance, these beautiful laws 
will work harmoniously and without effort. 

Nitting-rooms and bed-rooms must not, of 
course, be overcrowded. Each person must be 
allowed at least 50 sy. {t. of flooring in a room 
10 ft. high, and gas should never be used unless 
the rooms be very spacious; lamps and candles 
consume far less oxygen, and of course electric 
light is better still, but one single gas jet re- 
quires as much fresh air as five persons. 

A great objection to free ventilation in towns 
is made by careful housewives on the ground of 
dirt. The matter is important, for there is no 
doubt that town air is laden with dirt of all 
sorts, and requires as careful filtering as water. 
This can be done effectually by muslin or per- 
forated zinc stretched across the open window. 
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We have now pointed out some of the benefits 
of proper ventilation, but we have yct to men- 
tion one of its greatest advantages. 


Catching Cold. Let us remember that 
the most fatal disease in England is consumption ; 
then come bronchitis and inflammation of the 
lungs; and mark that one of the commonest 
ways these begin is by our ‘catching cold” on 
going from close, unventilated rooms into the open 
air, and that the surest general preventative 
we can adopt against these discases is to have 
our rooms (and especially our bed-rooms) fresh 
and well ventilated. Sitting in close rooms with 
sandbags on the tightly closed windows, list round 
the doors and the register down in the chimney 
to avoid cold, only ensures catching it; while 
Jetting the foul air freely out and the fresh freely 
in is the surest safeguard against it. 

We must look a little further still into one or 
two points before the subject is dismissed. Theo- 
retically, the cold air should enter at the floor 
level and the hot foul air leave at the top. In 
good houses the latter is frequently carried out not 
only by valves at the top of the chimney breast, 
but by holes in the central ornamentation, in the 
eciling especially, when there is any gas burning, 
so that the fumes and bad air can be carried 
off directly. But the admission of fresh air 
at the level of the floor is a different matter, 
and is found in practice to cause such cold feet 
that it is seldom admitted lower than three or 
tour feet from the ground. In cold weather 
natural ventilation is even more difficult on 
account of the draught. 

Of course, 1f the air be warmed alt the diffi- 
culty is solved. The opening can be larger, the 
current slower, and the air changed more fre- 
quently ; but, as yet, warmed fresh air, which is 
the key to successful ventilation in this country, 
1s almost unknown. 


How Wind Aids Ventilation. The 
wind is a great ventilator both by perflation, or 
wind blowing in, and by aspiration, or wind 
sucking out. Jn the Sylvester system there 
are two cowls, the one facing the wind and 
blowing fresh air into the chamber, and the 
other with its back to the wind and drawing 
the foul air out. 

Over a chimney the wind generally aspirates, 
or draws the foul air out; at a window it 
gencrally perflates, or blows fresh air in. Wind 
can change the air of » room 100 times an hour. 
You can tell if your room is ventilated from the 
house or open air by placing a candle flame at 
the keyhole. Ifthe flame be blown into the room, 
vour ventilation is wrong. 

Of course, windows should be inlets and 
chimneys outlets ; but their réles are sometimes 
reversed. If there be no fire and the chimney 
be very cold, air may come down it into the warm 
room, or if the chimnev top be lower than others 
surrounding it, the wind may strike them and 
be deflected down it. 


A fire, however small, is a great ventilator. 
Tt draws 15,000 ft. an hour up the chimney. 
Of course, fires ventilate the room best below 
the level of the mantelpiece. The colder the 
room, and the hotter the external air, the more 
need is there for the open window. 

In addition to the openings described, there 
are Ellison’s bricks and Sheringham valves com- 
municating di -ectly through the wall with the 
open air. In both, the external opening should 
be smaller than the internal, thus modifying any 
draught. The Sheringham valve often acts as 
outlet as well as inlet; and s0, of course, in 
certain conditions may the window itself, though 
normally it is an mlet at both top and bottom. 

The entrance of air through the walls, too, 
must not be forgotten; all depends, of course, 
on the difference of temperature between the 
internal and caternal air. A closed room with 
34 degrees difference between the air inside and 
outside will change its air twice as tast through 
the walls as in a room with the window open 
and seven degrees of difference of temperature 
within and without. With a difference of only 
four degrees between the internal and external 
air, it will pass through a sandstone wall at the 
rate of 4 cubie ft. per hour per square yard ; 
through a brick wall, 7 cubic ft; and through a 
mud wall, at the rate of 14 cubie ft. 

Forced Ventilation. In artificial or 
forced ventilation there is extraction or pro- 
pulsion of air by heat, steam, fans, ete. In 
mines there is a large fire at the bottom of the 
upeast shaft, or an exhaust fan at the top. A 
large hall often ventilates a house in the same 
way. Incrowded meetings and churches some 
such system is needed. The earliest illustration 
of artificial ventilation is in a hee-hive, where 
the air in the middle is kept remarkably pure. 
It is said that at the entrance some twenty 
hees keep up a steady hum with their wings, 
which they flap without stopping in successive 
relays, and this forces fresh air in. 

Schools must have warmed air and artificial 
ventilation on account of the small cubic space 
allowed, and the air is often changed without 
draught ten times instead of three times an hour. 

Of course, at present all ventilation is a volun- 
tary matter, for air is the only food that man is 
allowed to adulterate to any extent at will. 
There is no doubt that all efficient ventilation 
for the public must be self-acting, give no trouble, 
and require no care inadjustment. On the whole. 
a window a little open at the top with, if pos- 
sible, something to direct the air upwards, and 
an open fireplace, are the simplest and best 
methods at present; but it is quite possible 
that ere long, in flats, a central furnace in the 
basement, kept up at a small cost, will be ar- 
ranged to supply through pipes fresh warmed 
air to each one, so that the rooms can be per- 
fectly ventilated in the coldest weather. Venti- 
lation in sick-rooms is touched on in Home 
Nursing in the section on I)]-Health. 
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By Professor SILVANUS P. THOMPSON 


Matter and Energy. Often as it has 
been said that we are profoundly ignorant of 
the nature of electricity itself, there is yet a great 
deal that we know about it, and the attempt 
must now be made to explain briefly what 1s 
known. 

Not many years ago it was supposed that the 
only kinds of things of themselves in the physical 
Unive-se were two —matter and energy. Matter, 
that which possesses the fundamental properties 
of mass (and therefore is heavy) and of inertia, 
and which, though its atoms are of some 80 
different kinds, called “elements”? by the 
chemist, is subject to a law of conservation we 
can neither create it nor destroy it. The quantity 
of matter in the Universe appears to be a fixed 
amount. Energy, that which, acting on matter, 
manifests itself in the various physical forees ; 
the kinetic energy of moving bodics, by virtue 
of which they ean perform work ; the potential 
encrgy of systems; bodies that have had their 
configuration altered by doing work upon them ; 
the energy of heat, which is a mode of internal 
motion of the molecules in the mass, in whatever 
kind. Energy is likewise subject to a law of 
conservation—we can neither create nor destroy 
it; but we can transform it from one species 
to another, and we can dissipate it into forms 
that are no longer available for doing work. 

Early Theories regarding Electricity. 
At the time when the doctrines of energy were 
being developed, it was thought that electricity 
itself was merely another mode of motion or 
form of energy, just as heat is. Prior to that, 
electricity had been supposed to be a sort of 
imponderable fluid—a weightless gas; and 
magnetism had also been set down under 
similar categories. Both had been vaguely 
classed amongst the so-called “forces of Nature.”’ 
But that term is unscientific, since the word 
force (unless qualified by some adjective, such 
as electromotive, to show that a non-mechanical 
effort is meant) in its precise signification is 
restricted to mean that which exerts either a 
mechanical push or a mechanical pull on matter. 
But electricity of itself is not a push or a pull on 
matter; it is therefore not a force, neither is 
magnetism. But just as matter can be acted 
upon by energy, and become the vehicle for the 
manifestations of energy, so clectricity can also 
be acted upon and become the vehicle for the 
manifestations of energy. In this respect 


electricity itself resembles matter. 
The Ether. There is, howeve:, yet another 


thing-of-itself in the Universe, that mysterious 
medium which fills all space between the stars, 
and apparently permeates also through all solid 
bodies. It is called the luminiferous ether, 


because we cannot conceive of the waves of light 
coming to us from the sun or the stars unless 
they are waves of some medium that stretches 
throughout interstellar space. And because the 
speed of propagation of waves in any clastic 
medium depends only on the elasticity (stiffness) 
and density of that medium, and as the speed of 
light-waves is so cnormous (186,000 miles per 
second), we know that the stiffness of the ether 
must be enormously great, for its density is 
marvellously small. It behaves in some respects 
like a jelly of extreme rigidity, yet of extreme 
tennity also, being less dense than the very lightest 
gases. It used to be debated whether the ether 
were not a kind of matter, a sort of gas, lighter 
than hydrogen. It also appears to be subject 
to a law of conservation—we can neither create 
it nor destroy it. Moreover, like matter, it can 
act as the vehicle of energy. For light-waves 
are a form of energy, and they are conveyed by 
the ether. 

The Electromagnetic Nature of Light. 
Wheatstone, in 1834, measured the velocity with 
which an electric impulse is propagated along 
aw wire, and found it to be almost the same 
as the speed of light. This, and certain other 
relations between the electric units of measure- 
ment, caused Clerk-Maxwell, in 1864, to pro- 
pound the theory that the waves of light are 
clectromagnetic waves. He studied the Jaws of 
wave-motion as applied to electricity, and 
showed that they would account tor many ob- 
served facts ; for example, that glass and other 
transparent solids are non-conductors of clee- 
tricity. and that the metals that possess electric 
conductivity are opaque to light. This theory 
wius gencrally accepted by British physicists, 
who tested its truth in several ways ; but on the 
(‘ontinent it was not accepted until 1888, when 
Hectz had shown how to set up electromagnetic 
waves by the sudden oscillatory discharge of 
condensers, as explained on page 3898. An 
electromagnetic wave is one in which there arc 
electric displacements, which are propagated in 
space from one point to another, accompanied 
by magnetic displacements at right-angles to 
them. The main difference between them and 
ordinary light-waves is in their size, for the waves 
of visible light are very minute, from 15 to 36 
millionths of an inch in Jength, while the Hertz 
waves may be from about half an inch up to 
several hundred fect in length. 

This identity of species between light-waves 
and Hertz waves leads to the question whether 
the ether is itaelf of an electrical nature, since 
what the older physicists regarded as waves of 
actual motion in the ether are explainable as 
electromagnetic waves. 
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Dual Aspect of Electricity. From 
a very early date it was recognised that when 
electrification was produced, by friction or other- 
wise, there were two kinds produced—a vitreous 
charge and a resinous charge. The former was 
obtained on the surface of glass by rubbing it 
with silk ; the latter on resin or sealing-wax by 
rubbing it with flannel or fur. <A charge of cither 
of these kinds will attract bits of paper, or straw, 
or a feather, or other light thing. But cach 
kind apparently repels itself. Thus, if a rubbed 
glass ae is hung up in a silk stirrup, and another 
rubbed glass rod is held near it, the suspended 
one is repelled. On the other hand, the two 
opposite kinds attract one another. Simple 
experiments about these relations are readily 
performed with the aid of a gold-leaf clectro- 
scope [250], which consists of two gy 
nurrow strips of thinnest gold-leat ft, 

mounted on a brass stem, which . 
is supported by being fixed in a h 

/ 

/ 









glass tube which passes through a 
cork of paraffin wax in the top 
of a glass jar. It is usual to fia 
a brass plate on the top of the ‘ oe 
electroscope. Suppose the end of — “a 

a warm glass tube to be rubbed on 250 

silk, and that the tube be then made to touch the 
plate. The two gold leaves immediately open 
out as though they repelled one another; and 
when the glass rod is removed they will still 
remain slightly divergent, because part of the 
charge from the glass remains in the instrument. 
When once so charged, the difference between 
the two kinds of charge is readily observed, as 
follows. 1f the rubbed glass rod be again brought 
near without touching, the gold leaves are seen 
to open out more widely ; but if a rubbed stick 
of sealing-wax or other resinous body be brought 
near, the leaves arc seen to close up toward one 
another. If the gold-leaf electroscope be dr 

and clean, so that the metal part is really ell 
insulated, it will keep its charge for several 
hours, or even days. 

Positive and Negative. To account 
for these facts several theories were advanced. 
It was thought that there were two kinds of 
electricity, the vitreous being called positive 
electricity and the resinous negative electricity. 
It was, however, observed that when two things 
were rubbed together, if one became positive, 
the other always became negative ; also, that 
the amounts of the charges so produced were 
always equal to one another, so that if allowed 
to discharge into one another they re-combined 
and neutralised one another. This led to a 
tentative theory of the two fluids which could 
not be separated without doing some work to 
part them asunder. The two-fluid hypothesis in 
turn gave way to Franklin's one-fluid theory, 
according to which, though electricity itself was 
regarded as a single fluid, distributed every- 
where, but neutral in its properties, whenever 
work was done by moving it, so as to produce a 
surplus at one place and leave a deficit at another, 
the ‘surplus and deficit at once showed those 
properties of attraction that had first led to the 
discovery of the existence of electricity. The 
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one doubt at the time was whether the vitreous 
or the resinous state was the surplus. Franklin 
concluded that the vitreous state was the 
surplus, and therefore called it postive. If the 
one-fluid theory be true at all, the resinous or 
negative state is, however, most probably the 
surplus. The main reason for this assertion is 
that a resinous charge is more readily dissipated 
than a vitreous of equal amount. According 
to the two-fluid theory, a current is a double 
flow of positive electricity one way, and of 
negative electricity the other way, along the 
wire. According to the Franklinian theory, the 
eurrent flows only from positive to negative. 
The more probable theory is that if electricity 
1s a fluid at all, the current consists of a flow of 
resinous electricity in the direction from negative 
to positive. It is certain that in electrolysis 
there are two sets of ions—that is, electric ally- 
charged atoms—which are propelled by the 
action of the current in opposite directions, the 
anions (such as chlorine and oxygen) moving 
fom negative to positive, or up-stream ; the 
hathions (such as hydrogen and the metals) 
moving from positive to negative, or down- 
stream. 

Atomic Nature of Electricity. There 
is as .nuch reason to regard electricity as 
atomic ab to regard matter as atomic—that 
ix, Nature appears to have ordained that elec- 
tricity, whatever it is, exists in certain definite 
very minute quantities of the same magnitude, 
each of which cannot be subdivided into any 
pmaller quantities. This is, indeed, an inevitable 
inference from Faraday’s discovery of the laws of 
electrolysis. Thus, when hydrochloric acid, 
the molecules of which consirt of an atom of 
hydrogen combined with an atom of chlorine, is 
electrolysed, each molecule splits up into two 
tons—namely, a hydrogen ion, consisting of a 
hydrogen atom charged with a positive atomic 
charge of electricity, and o chlorine ion, con- 
pinting of a chlorine atom carrying a negative 
atomic charge of electricity. Now, the electro- 
chemical equivalents of the elements are known. 
To dissociate one gramme of hydrogen from 
chlorine requires 96,600 coulombs of electricity to 
he passed through the electrolyte. The physicist 
has further concluded, from various other 
experiments, that 1 gramme of hydrogen con- 
tains no less than 10°) (that is 10 quadrillions) 
of atoms. It follows that each atom of hydrogen 
carries a positive charge of 9°66 x 10-4! of a 
coulomb ; and each atom of chlorine an equal 
negative charge. * 

Electrons. This natural unit or atomic 
quantity of electricity has been called an electron. 
An ion is, therefore, an atom of matter combined 
or associated with an electron. Some atoms 
are, a8 the chemists say, divalent, and carry 
two electrons ; thus, the oxygen atom carrics 
two negative electrons. and the zinc atom 
carrics two positive electrons. When one atom 
of oxygen carrying two negative electrons 
combines with two atoms of hydrogen, each 
carrying one positive electron, there is produced 
one molecule of water. The electrons then are 
known to us a8 associated with matter. It is 


certain for quite other reasons that negative 
electrons can exist by themselves. It is not so 
certain that a positive electron can exist by itself. 
Indeed, one view is that there are no positive 
electrons ; that a positive ion consists not of 
an atom of matter plus a positive electron, 
but of an atom of matter that has got one 
negative electron too few associated with it. 
According to this view, we can account for the 
production of electrification by friction as 
follows. When we rub two things together, if 
they are of different materials, one will part 
with its electrons moro readily than the other, 
so that when we rub one surfaco over the other, 
and part them, one will lose some of its electrons 
and the other will gain them. Thus, if we rub 
celluloid with flannel, the flannel loses some of 
its (negative) electrons and becomes positive, 
while the celluloid gains the (negative) electrons 
and becomes negative. If two pieces of tho 
same substance be rubbed together the gains 
and losses on each piece are, on the average, 
alike, and no electrification of cither piece is 
observed. But this is no longer true if the two 
pieces are not in similar condition. Thus, 
rough glass becomes negative if rubbed on 
smooth glass; and non-conducting substances 
when hot gonerally become positive if rubbed 
on a cold piece of the same substance. 

Electric Stresses. If we rub glass on 
silk there is no sign of olectrification shown until 
we soparato them one from the other, when we 
find the surface of the glass is positive and that 
of the silk negative. Now, since a positive and 
a negative charge attract one another, it is 
obvious that we cannot draw them asunder 
without expending tome energy in the act. 
Where docs this energy go to? It certainly 
remains in the “system’’—meaning by that 
term the two charged bodies and the medium 
between them—for it can be given back as 
work done when the two charged bodies run 
together again. The case is analogous to that 
of two bullets tied together by a short spiral 
spring or ®& piece of elastic indiarubber. hen 
we separate them they apparently attract one 
another back ; but the energy given to them in 
pulling them apart resides not in tho bullets, but 
in the strained medium that connects them. 
A closer analogy is afforded by the mutual 
attraction between two magnet poles of opposite 
kinds, one north, one south. Now, in that case, 
as explained on page 560, we can follow up 
these actions, and can show that the magnetic 
stresses follow certain curved lines through the 
medium. In a precisely similar way it is 
posible to explore experimentally the spacc 
between two electrified bodies. 

Lines or Tubes of Electric Force. 
If we place a dry glass plate on a non-conducting 
table, and bring to touch it at two points two wires 
which are kept highly electrified by a suitable 
source, and then sprinkle between them certain 
powders, such as warm powdered tourmaline 
or sit deepal quinine powder, wo find that the 
powder arranges itself in more or less defined 
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lines, just as iron filings do in a magnetio field. 
Fig. 251 gives diagrammatically the curves of 
the electric lines in an electric field of force 
between a positive body, P, and 


\. on e J & nogative body, N. The whole 
* ty vay “ intervening part of the medium 
= ‘ is, in fact, in a state of stress, as 

{ aun \ revealed by these curves. Along 
251 the lines there is a tension; trans- 


verso to them there is a pressure ; 
with the result that these stresses in the medium 
tend to urge the two charges toward one anothor. 
But, considered from the electron point of view. 
each “chargo” consists of electrons, as many 
positive electrons on one as negative on the 
other, if the charges be equal. Tho stresses 
then in the medium may be mapped out a 
curving lines—or, rather, as tubes—each of which 
terminates at one ond at a positive olectron, 
at the other end on a nogative electron. Two 
similarly electrified bodies repel one another ; 
or, rather, the stresses tend to urge them apart. 
Fig. 252 shows the tubes of clec- 
tric force in the neighbourhood 
of two positively-charged bodies. 
In this case the tubes have each 
one end on one of the positive 
charges, and their other end on 
the negative charge on the walls 
or other surrounding or neighbouring conductor. 
Every atom, at any rate under ordinary condi- 
tions, has an electron associated with it, and thore- 
fore has an electric ‘ tube” proceeding from it. 


Electrons and Conduction. While 
in & non-conductor or dielectric medium, such 
as air or glass, we can have a permanent state 
of electric stress between two charges, this is 
not so in conductors ; for if we impart to any 
part of a conductor a charge, that charge in- 
stantly spreads through the metal. When the 
whole conductor has come to the same potential 
the flow ceases. Apparently, then, electrons 
can move freely through the motals. According 
to this view, when we join a battery to a loop 
of wire positive electrons rush in at one end 
and negative at the other, and the tubes which 
extend across the space from a positive to a 
corresponding negative electron must rush 
along with the electrons, and finally collapse 
into the wire as the electrons meet. In the case 
of a telegraph wire stretched over the earth and 
connected down to earth at.the distant point, 
the current, on this view, will consist of the two 
electrifications travelling along in company 
from the battery and toward the distant ond, 
one travelling along the wire, the other travelling 
on the earth, with “‘ tubes” stretching between 
thom and also travelling along. The tubes 
which thus connect the positive and negative 
electrons swoep through the diclectric; and 
the energy path thus lies, not in the conductor, 
but in the intervening or surrounding medium. 
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Nore. In fhe diagram on page 3088, instead 
of charge read discharge, and instead of discharge 
read charge. 
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Rainfall and its Measurements. 
Supply. Types of Wells. 


WATER SUPPLY 


Sources of Public Water 
Storage and Impounding Reservoirs 


By Professor HENRY ROBINSON 


PRELIMINARY to a study of the great 

subject of Water Supply we must make 
ourselves familiar with the approved methods 
of estimating rainfall. Evaporation from the 
sea and the surfaces of land causes air to become 
laden with water vapour. Oncooling, the water 
vapour condenses and forms mists and clouds. 
Excessive condensation leads to rain. Varia- 
tions of temperature and barometric pressure 
alter the capacity of the air for retaining water 
vapour and mists. Rainfall is measured and 
recorded in terms of the depth of water that 
would be caused if it were collected on a flat 
urea, and assuming that no water could run on 
to it from an adjacent area, and no evaporation 
tuke place. 

The late Mr. G. J. Symons may aptly be 
deseribed as the pioneer of meteorology as far as 
rainfall is concerned. He was the 
originator of the British Rainfall 
Organisation, now carried on by Dr. 
Hugh Robert Mill, at the Camden 
Town Station in London. The re- 
cords are published in a book called 
“British Rainfall,” and deal with 
about 4,000 returns. 

The mean annual rainfall in 
England varies from about 20 inches 
to about 160 inches—the latter in 
the Lake District. This, however, 
is far exceeded in places abroad, 
28, for instance, in Chena Pungi, in 
Assam, where, in 1861, the rainfall 
war 805 inches, of which 366 inches 
fell in July. The mean annual rain- 
“full there is 559 inches, 

Rain-gauges. The amount of 
rainfall is ascertained by — rain- 
gauges, the most common being the 
Snowdon [1]. This consists of a 
brass cylinder, A, which is sunk into 
the ground, leaving the lip about 
one foot above the surface. Inside this is a 
funnel, which collects the rain and leads it into 
a bottle resting on the bottom of the cylinder, 
the amount being measured daily by means of 
the graduated glass, B. The bottle holds about 
three inches of rain. If the rainfall exceeds this 
the excess is collected in the inner can. 

Various forms of self-recording rain-gauges 
have been invented, one of which is Negretti & 
Zambra’s [2]. The rain enters a collecting 
funnel, A, and runs into a tilting-bucket, B, 
divided into two equal parts, tipping over 
when :01 inch of rain has fallen. This ad- 
vances an escapoment wheel one tooth, and 
by means of a perfect helix attached to this 
wheel, the long lever carrying a pen, as shown, 
is raised until an inch of rain has fallen. When 
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1. SNOWDON RAIN 
GAUGE 


this point is reached, the lever falls to the other 
end cf the helix, and the recording pen runs 
back to zero, and begins to record a second 
inch. The recording drum is worked by clock- 
work, the chart beirfg divided into ‘05 inch, 
und lasting a week. The escapement wheel is 
also divided into ‘01 inch of rainfall. 

A later pattern of the machine is the Electrical 
Self - Recording Rain-gauge, which is very 
similar to the above, and another gauge is 
Richard's Self-Recording Rain-gauge [8]. In 
the latter a funnel leads the rain into a 
tilting bucket divided into two equal parts. 
One of these compartments being under the 
funnel, when rain falls the balance descends, 
« writing pen recording this motion on the 
revolving drum. The tipping of the first 
compartment causes the second to place itself 
under the funnel. The filling and 
emptying of cach compartment are 
alternately and automatically pro- 
duced, wnd to each of these double 
operations corresponds a rise and 
a fall of the writing pen. 

In Halliwell’s Standard Sclf- 
Recording Rain-gauge, the rain 
| from a receiver passes through a 
m wide pipe to a cylinder, in which is 
Se a float, bearing a vertical rod, that 
t raises or lowers « sliding pen 
S arrangement. As the water accumu- 
‘ lates, the float and pen rise, the 
latter recording continuously the 
rate of rainfall. Shortly before the 
pen arrives at the top of the chart, 
the cylinder is emptied by a syphon 
arrangement, the pen returning to 
zeyvo and starting registering again. 

The diameter of a rain-gauge 
should never be less than five 
inches. The late Mr. Symons ex- 
perimented with gauges from one 
inch diameter up to six feet square, and 
found them all agree within 5 per cent., and 
(excluding the very large ones, which cause 
an excessive deposit of dew) the differences 
are generally within 2 per cent. Rain-gauges 
placed high above the ground collect less rain 
owing to the high velocity of the wind causing 
an eddy over the opening, an instance of 
this being a gauge which collected 12 inches 
on one of the towers of Westminster Abbey, 
18 inches on a roof close by, and 23 inches on 
the ground. 

Rules for Rain-gauging. It will be 
helpful to give the following abbreviated list of 
the rules issued by Dr. Hugh Robert Mill for 
the use of the observers all over the country 
who are taking records for him. 
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SELECTION OF SrtE.— A 1ain-gauge should be 
placed on a level piece of ground, and clear of 
all objects higher than itself. If an open site 
cannot be obtained, the exposure to the south- 
west and north-east should always be free. The 
height above sea-level should be determined. 

MounTAIN AND MOORLAND * 
SitEs.—Gauges should not be 
unduly exposed to the sweep of 
the wind. A turf wall about two 
feet high, surrounding the gauge 
at from 6 to 10 feet distant, 1s 
recommended. 

Phacinag THE GavaEe.—The 
gauge should be firmly fixed so 
as to prevent tilting, and should 
be surrounded with short grass. 

HEIGuT ABOVE GRoUND.—The 
funnel should be set eractly level 
and one foot above ground, but —; 
never more than 1 ft. 6 in. oom oe 

SMALL Amounts. —lf the gauge 
contains less than -01 of an inch, 
but more than half that amount. 
it ix entered as ‘01. 1f less, it is not counted. 

Snow.-—To measure snow in a Snowdon gauge 
all that is necessary is to melt the snow in the 
funnel in front of a fire and measure the resulting 
water. To estimate by depth, take the average 
depth over a considerable area, when one-twelfth 
is the equivalent amount of rain. 

Mean Rainfall. In dealing with 
rainfall records, the late Mr. Symons 
established =the method of reduction 
to « percentage of the mean fall as 
follows. Suppose a place has a mean 
annual fall of 30 inches, which is 
increased for one year to 40 inches, 
4) + 30 = 1°33, or the fall for 
that year was 33) per cent. more 
than the mean. It may be well 
to explain that by mean or mean 
fall 13° meant the arithmetical 
average fall of any whole period 
or record. 

Rainfall Data. Sir 
Alexander Binnie has tubulated 
statistics (nee table on neat 
page | to show the probable 
maximum error in an 
estimate of mean annual 
rainfall (taken from a 
large number of records 
all over the world) for 
periods of from one to 
thirty-five years. 

The Mean Annual yp 
Rainfall. Thus, if re- , 
cords are available over 
w period of ten years, the 
error in estimating the mean annual rainfall 
is not likely to exceed 8°22 per cent. 

Engineers generally agree that the three driest 
years would yield one-sixth less than the mean. 
The late Mr. Symons, after careful investigation, 
made it one-fifth or 80 per cent. of the mean. 
For the British Isles Dr. Mill anticipated that 
the wettest year would exceed the average by 
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43 per cent., and that the driest would fall below 
it by 29 per cent. Sir Alexander Binnie made 
these figures 45 per cent. and 24 per cent. 
respectively, 

Gauging for Waterworks. When, how- 
ever, an engineer has to deal with watersheds 
for waterworks purposes, where the 
irea is limited, more accurate infor- 
mation than the above is required, 
and the quostion of the flow off the 
area for very much shorter periods 
must be taken into consideration on 
account of the fact that the ramfall 
relied on for tilling storage reservoirs 
falls chiefly in the winter months. 
This being the case, it is obvious that 
the season of the year plays # very 
important part, and, together with 
the falls over short poriods, requires 
careful study. Also a greater 
@ number of gauges are necessary in 
order to get accuracy, as it has 
been found that in’ small areas 
gauges placed iu different positions 
in a valley gave quite different results. 

The rate at which rain falls and flows off the 
ground is a point which should always be kept 
in mind when taking rainfall figures into con- 
sideration, as this affects the question of waste 
weirs for reservoirs, and docs not appear when 
tuking the average of a whole year. 

The Available Rainfall. The 
question of the amount of the rainfall 
that will How off a catchment area— 
called the available rainfall — will 
depend very largoly on the geological 
formation of that area. The available 
rainfall is that quantity which could 
be used for water supply purposes 
after deducting the loss due to evapora- 
tion, wbsorption, and percolation, 

Water, after falling on tho 
surface of the ground, tends to 
percolate into the soil, the 
amount of this percolation de- 
pending on the character of the 
strata, or its capacity to absorb 
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moisture, and on the 
natural slope of — the 
ground, The greater the 


slope the larger the quan- 
tity that will run off to 
feed the watercourses to 
which all surface water 
ultimately arrives. The 
rain passes through the 
soil for a certain depth 
until it comes to the 
natural surface of satura- 
tion; from thence it will 
follow the line of underground flow, this line 
depending on the resistance of the strata 
The percolation may be permanent, in which 
case 1t is entirely lost as far as that particular 
watershed areca is concerned, or it may be 
temporary, when it will sink below, and, 
after travelling underground, will issue in the 
form of springs ut a lower level, and join 
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Percentage of deviation of the mean 

annual rainfall of the period from 
Period of the true mean annual rainfall. 
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the same stream that is fed from the surface 
water. An illustration of this occurred in a 
case in which the writer was engaged, where 
a fault in the strata compelled the water to 
issue in the form of a spring about half a 
mile below where it had been intended to place 
a dam for impounding purposes, whereby only 
about half the estimated available rainfall 
would have been available. 

The most accurate way to arrive at the avail- 
able quantity is to gauge the stream, and then, 
by directly comparing the quantity flowing with 
the quantity that has fallen and been collected 
in rain gauges, the amount of the loss by the 
before-mentioned causes can beestimated. Some 
close approximation can be made to the amount 
by a comparatively short period of gauging, if a 
long record of rainfall gaugings be available ; 
but it must always be borne in mind that the 
heavy falls over short periods are more important 
than averages for this purpose, and also that 
the condition of the ground when the rainfall 
takes place, whether after a drought or not, 
materially affects the percolation. 


Percolation. The question of percolation 
has received considerable attention at different 
times, and experiments have been made with 
what are called percolation gauges to see the 
results with various soils. Percolation at one 
period may have an influence on springs for 
months. 

A wet winter will give abundant springs in the 
following autumn, but if that be followed by a 
dry winter the latter will obliterate the effect of 
the previous wet winter. 

In summer there is no percolation as a rule. 
The records from percolating gauges are usually 
divided up in half-yearly periods of summer and 
winter. The figures given in the table in next 
column for percolating gauges were given in 
‘British Rainfall.“ 

An examination of these figures shows that 
the percolation varies considerably with the 
two sets of gauges, indicating that percolation 
gauges do not give so reliable results as river 
gaugings, which afford the data required b 
eagineers, and are far more useful, althoug 
more difficult to observe. 

Absorption. If the watershed be hilly 
and the surface only slightly absorbent, there 
is the minimum absorption, and, the area 
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having a sloping surface, the rainfall passes 
to the streams with the least evaporation. 
If the area be flat, with a pervious soil, 
the bulk of the rainfall passes underground. 
If the soil be clayey instead of absorbent, 
the maximum loss by evaporation takes place. 
If the surface of the gathering ground be 
wooded, it affects the amount lost by evapora- 
tion, and the rate at which the rainfall passes 
off to the streams, as large quantitics are 
retained by the trees which shelter the surface 
from the sun’s rays. If such an area were 
cleared of timber, the rainfall would pass more 
rapidly to the streams. In Humboldt’s 
** Cosmos” the author describes an interesting 
case bearing on this, of the effect of clearing 
forests in one of the countries that he visited. 
Evaporation. The evaporation in this 
country is generally taken at between 12 and 16 
inches. At Nagpur, in India, the evaporation 
was found to be 4 feet in 272 days of dry 
weather, while from the large reservoirs sup- 
plying Manchester it has been found to reach 
one-tenth of an inch per day in times of 
drought. The following are some figures on 
evaporation from open reservoirs in America : 
At Ogdenshurg (New York) .. 
» Syracuse (U.S.A.) .. ea 
» Saloni "0 oe 
» Cainbridge ,, ide as 
Dew Ponds. Under certain conditions 
evaporation ceases, and water is condensed on 
the surface of reservoirs. On Salisbury Plain, 
and other elevated districts on the chalk forma- 
tion, small ponds called “dew ponds” are con- 
structed on the tops of the hills where little 
or no surface water can run into them, yet 
a small supply of water is obtained, owing 
to the very heavy dew arising from the con- 
densation of tho vapour which is evaporated from 
the surface of the chalk. 


. 49°4” per annum 
50 2” 


BB 0” : 
. 6 hs 


AT APSLEY MILES, HEVWEL HEMPSTRAD, 


ee te ee 


| 
Summer Winter. Year, 


3-51" | 26 06" 
-; s |- & 


16°46 
0 60 


12 fin” 


. 8-91 
aes & 64 


| 12°55 
U 5 


Percolation (3 ft. sand) 


Evaporation . 
| 


led 


10°42 12 20 
ial 
i 
| 


8/-3" of chalk Percolation . | 
Evaporation... : | 3 09 18°81 


_— 


8'-3” of earth Percolation .| 1°54, 


Evaporation. . . . ‘ 11°01 


The Nash Mills gauges gave as follows: 
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Tn all schemes for the utilisation of the rain- 
fall it is necessary to take into consideration 


the periods of drought ; and in estimating the 
yield from a gathering ground the quantity 
to be relied on is based on the available rainfall 
over the three consecutive driest years. The 
term drought can be regarded only as a relative 
term. The late Mr. Symons has suggested 
these definitions : 

ABSOLUTE Drovants.—Periods of 14 or more 
consecutive days absolutely without rain. 

PaRTIAL Drovuacuts.—Periods of 28 or more 
consecutive days in which the total rainfall docs 
not exceed 0-25 in. 

Lona Drovents.—Periods of not less than 
60 days with a total rainfall of less than 2 in. 


Storage. The yield from gathering grounds 
in times of drought is of extreme importance, 
as the question of providing storage directly 
depends on it. 

Somo engineers provide storage for 200 to 250 
days’ supply, and rely on one-third or one-fourth 
of a cubic foot per second during the drought 
from each 1,000 arres of gathering ground. 

The following formula for finding the number 
of days’ drought to be provided for was employed 
by the late Mr. T. Hawksley : 


O00 


Number of days drought = ne avaiable ramfall 
s of 3 dry years. 


The relation between the size of the gathering 
ground and the amount of storage required is 
one of the first considerations. If the demand 
is small compared with the average yield of the 
Sale ground, the amount of storage may 

small, or nothing at all. The exact amount 
of storage that is required to maintain a.certain 
supply from any river can be hest determined 
graphically, if gaugings are available throughout 
the period of greatest drought. Fig. 4 shows how 
this can be done. 

The vertical scale represents the discharge of 
the river expressed (preferably) in inches of rain 
over the whole gathering ground, and the 
horizontal scale represents time in months and 
years. The results of gaugings are plotted in a 
cumulative line, showing the total discharge trom 
the beginning up to any date. From the sum- 
mits of the discharge line straight lines are drawn 
(dotted in diagram) at a slope corresponding to 
the demand in inches of rain per month. These 
demand lines will bridge over the 
depressions (representing droughts) 
and cut the discharge linc again if 
it rises rapidly enough after a 
drought. The greatest vertical dis- 
tance between the discharge line and 
the demand line gives the exact 
measure of the storage capacity that 
is required to meet the demand 
throughout the drought in question. 
If the demand line is on the same, 
or ona flatter slope than the flattest 

art of the discharge line, no storage 
is necessary. If a second diagram 
is plotted with a vertical scale re- 
presenting inches of storage required, 
and a horizontal scale representing 
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inches of demand per annum, a curved line can 
be drawn, giving the storage required for any 
rate of demand. 


Water Supply in Towns. The amount of 
water required for the supply of a town depends 
on several considerations, one important factor 
being the extent to which it is wanted for 
manufacturing or trade purposes. For ordi 
nary domestic use about 10 gallons per head 
per day will suffice provided there be no 
avoidable waste. Provision has to be made for 
gardens, stables, manufactories, public baths 
and. washhouses, street watering, sewer flushing, 
fire extinction, etc. For these requirements 
another 10 gallons per head per day has to be 
provided. Where the town does not require 
water for trade purposes, 25 gallons per head per 
day should be a safe calculation. The following 
data may be given to illustrate this. Bristol 
has a consumption of about 22 gallons per head 
per day, which is ample, whereas Glasgow has 
wbout 50 gallons per head per day, of which 
19 gallons are for trade purposes, the re- 
maiming 31 gallons being for domestic supply 
and for public purposes, The Glasgow water 
being soft (having only one degree of hardness), 
the minimum of soap and the maximum of 
water are used, while the charge for water for 
non-domestic purposes ib only 4d. per 1,000 
gallons. 

At Bristol, on the other hand, the water has 

2 dogrees of hardness, which means much soap 
and little water for washing purposes, and the cost 
tor non-domestic water is from 6d. to 1s. 6d. 
per 1,000 gallons. Residential cities like London, 
Edinburgh, and Dublin take about 33 gallons per 
head in the first-named to 38 gallons in the other 
two. Of the manutacturing towns, Liverpool 
takes about 30 gallons, Manchester 28 gallons, 
Belfast 35 gallons, Dundee 48 gallons, and 
Aberdeen 43 gallons. The consumption for 
domestic purposes is increased in a town where 
a three gallon flush for 
water-closets is allowed, as 
distinguished from a town 
where not more that two 
gallons are permitted. 

In considering distribu- o. 
tion, it is im- 
portant to 
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remember that the consumption of water is 
not uniform throughout the day, as great fluctua- 
tions occur at different hours of the day and 
at different times of the year. 

Sources of Water Supply. An urban 
or rural district having to be supplied with water, 
the first thing to consider is the possible sources, 
having regard to the quantity required and the 
cost of the works involved. These can be defined 
as consisting of either gravitation or pumping 
works, the former onabling the water to be 
collected from surface sources (such as streams 
receiving the rainfall flowing off what are 
known a8 gathering grounds, catchment areas, 
or watersheds), the last montioned including 
water raised by pumps from a stream to a 
reservoir at a higher level, or water rained 
from an underground source to a similar storage 
reservoir, or to a water tower enabling the 
necessary head or pressure to be obtained in the 
distributing pipes throughout the area of supply 
to reach the highest buildings. 

Underground Sources. If the water 
from an underground source has to be utilised 
by sinking a well, it must be remembered 
that the lowest water-level in a deep well m 
this country usually occurs in the autumn, 
and the most rapid rise occurs in February. 
In selecting the spot for sinking a well, it is 
necessary to examine carefully the surrounding 
district, and to form a clear idea of the physical 
and geological conditions, so that the well 
may be sunk at a point where the dip of 
the strata which are water-bearing will bring 
the water toward» the well. The depth to 
which a well has to be sunk to ensure the 
requisite supply involves a study of the area of 
the underground water that can be drawn to the 
pumps at the bottom of the level. At the 
bottom of a well a chamber can be made or 
adits driven to store water. This enables the 
pumps to be at work only during ordinary hours, 
as they are made powerful enough to deal both 
with the regular flow to the well and with the 
increased volume due to storage. 

Inverted Cone. The effect of pumping 
is to produce what is known as a curved cone 
of depression, or inverted cone, due to the resist- 
ance of the water passing through the strata 
from the higher water-level around to the 
lower lovel of the pumps. To assist the pas- 
sage of the surrounding water to the pumpr, 
adits are often driven from the bottom of 
the well. These intercept fissures in the strata, 
thus tapping large volumes of water. 

The effect of withdrawing water from its 
underground stores by pumping from decp wells 
is often attended with the lowering of the water- 
level over large areas, thus involving the loss of 
water in wells which had hitherto afforded the 
supply needed for domestic or trade purposes. 
Where water flows in a defined channel, as in a 
stream, or from a spring, ite abstraction involves 
compensation to those who are entitled to 
utilise it. If, however, water flows through 
underground strata, the Courts have held that 
there is no legal title to it, as it cannot be identi- 
fied. Tho inhabitants of a district may, there- 
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fore, be deprived of their water supply if their 
wells are on the before-mentioned cone of 
depression. By adding lithia to water, a very 
definite and well recognised effect is produced 
in the spectroscope, by which water can be 
identified, and the writer succeeded in doing so 
in a case where water was abstracted from a 
stream by laying drain-pipes in a field adjoining, 
and thus enticing (as it is termed) the water 
from the stream without compensating the 
riparian owners. 

Temperature of Well Water. The 
temperature of water from wells and_ bore- 
holes is 52° F., at a depth of 100 ft.; 59°F. at 
a depth of 500 ft. ; 68° F. at a depth of 1,000 ft. ; 
76° F. at a depth of 1,500 ft., and so increasing 
with the depth. For the supply of a town, a 
temperature of from 52° F. to 55° F. is desirable. 

Classification of Wells. Wells are 
classed as (1) shallow wells, (2) subsoil wells, 
and (3) deep wells. The first, intended to 
supply adjoining wants, are always liable to 
pollution from surface water, derived from the 
houses, farms, or cultivated land. The second 
derive their supply from a greater depth, and 
pollution can be avoided if the well is built with 
brickwork in cement, surrounded by a layer of 
clay puddle, until it has been carried through 
the pervious surface soil, to prevent polluted 
water percolating to the level whence the supply 
is drawn. Tho top of tho well should be carried 
a few fect above the ground, and covered. The 
third is sunk to reach water-bearing strata at a 
depth from the surface where the water would be 
tree from organic pollution, unless, in very 
exceptional cases, a fissure in the strata brings 
polluted surface water to the deep-level water. 

Artesian Well. An artesian well is one 
that is sunk to a source of supply which is 
fed by water flowing from a higher level 
than the top of the well, so that when the 
source is reached the water flows from the top 
of the well at a greater or less height, accord- 
ing to the head of water acting on the 
column. The size of the tube in this case 
governs the supply of water. as the quantity 
that can be discharged depends upon well-known 
hydraulic rules, the factors being the diameter, 
length, and roughness of the tube, and the head 
or pressure of water. 

Tubbing. Cast-iron cy!inders bolted up 
in segments and called ¢tubbiny are often 
employed as the lining of a large well. The 
first part of the cylinder has a cutting edgo 
at the bottom of it, so that as the ground is 
excavated the cylinder sinks by the weight 
of the ironwork alone, aided, if necessary, 
by a temporary weight. A timber framing is 
used during the execution of the first 20 ft. of 
the work, to keep the cylinders vertical. If the 
work be in water-bearing strata, compressed air 
can be used to prevent the water rising and 
interfering with the men excavating, the well 
being made airtight for that purpose. 

Welle Through Rock. In sinking large 
wells through rock, blasting has to be resorted 
to, on the small shot system, the object being 
to remove as much stuff with the fewest shots, 


the holes for which are generally not drilled 
nearer to the side than about 12 in. As the 
air gets fouled at about 30 ft. below the surface, 
a change of air is necessary, and this is effected 
by carrying a tube down the side, attached 
to a fan on the surface. 

Boring large wells through rock can be done by 
employing rods to which is attached a wrought- 
iron crosshead, with wrought-iron chisels, having 
steel points. This tool is raised by a cable, 
which is coiled round a drum on the surface, and 
which enables the tool to be lifted and dropped 
quickly. During the operation its position is 
changed by a rotary motion. If the boring be a 
small one, only a single chisel is used. The 
diamond drill [see page 2669] enables a solid core 
to be extracted. 

Tube Wells. Tube wells are a convenient 
and cheap way of sinking through ground 
that is not rocky, to asccrtain the level of 
underground water, and to obtain cither a 
temporary supply (as for a -1mp), or a permanent 
supply. The method of carrying out the work 
1s by driving tubes screwed together in lengths, 
the serewed joints keeping out surface water. 
As one length is driven, another is screwed to 
the top of it and the sinking proceeds, the 
driving power being obtained by dropping a 
weight from shear legs on the top, as im_ pile- 
driving. The material inside the tube is 
removed by a shell pump, or cylinder, divided 
into compartments, each having a valve through 
which the débri» passes into the pump, which 
is smaller than the hole, and is lowered by a 
rope, and after being lifted and dropped a few 
times, it gets filled, when it is raised and emptied. 

Storage and Impounding Reservoirs. 
We shall now consider the question of pro- 
viding the water supply of a town by storing it 
in & reservoir of sufficient capacity to provide 
for the possible contingency of droughts. The 
supply may be cither from a stream or from a 
river at a low level, involving the pumping 
of the water to a storage reservoir situated 
high enough to afford the necessary pressure 
to reach the highest parts of the district, or it 
may be by impounding the water in a river 
supplied from an adjoining watershed by the 
construction of a dam of earthwork, masonry, 
or concrete across the valley in which the river 
Hows. To meet the requirements of the district 
it is essential that the capacity of the reservoir, 
governed by the height of the dam, and b 
the amount of water that can be ‘a pannided. 
should be sufficient to meet the exceptional 
needs of periods of drought. It is also necessary 
to make trial borings over the whole site of 
the proposed reservoir to ascertain that there 
mre no strata through which the water can 
percolate and he lost underground. Levels 
must be taken across the valley and trial holes, 
or trial shafts, made along the line of the pro- 
posed embankment or dam, the line being 
settled upon these results. 
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Capacity for Reservoirs. In detcr- 
mining the capacity required for an impound- 
ing reservoir, the enginecr has to consider 
what compensation has to be provided for 
those who have the legal right to the use 
of the water flowing in the stream either for 
agricultural or other igo purposes, or for 
power in working mills by waterwheels or 
turbines. Although the users of streams are 
often bencfited by the conservation of water 
in w storage reservoir, by which occasional 
floods lower down the river are prevented 
or mitigated, yet, in practice, the engineer has 
to deal with compensation water. To solve all 
the problems that have been indicated requires 
careful observation, skill, and exporience. 

In dealing with the conservation of water 
from gathering grounds the question of quality 
and purity, as well as of quantity, is a tactor. 
These will be touched on later. 

The better conservation of the rainfall of this 
country is a national question, and demands 
wt this time careful consideration. The popula- 
tion increases, but the water which is available 
for their requirements does not increase, and 
every year there arises a struggle for watersheds 
from which to obtain the supply tor the needs 
of the great communities centred in our towns, 
while the populations in villages too often 
depend upon shallow wells, which are liable to 
polhution. An ideal state of things would |e 
realised had the whole country been mapped 
out into watershed districts under a Department 
of State, by which a careful study of the physical 
geography and of the pe Pea ha conditions 
of the coun‘ry would have led to & more equitable 
and systematic utilisation of the rainfall than 
has hitherto obtained. The rivers and watei- 
sheds could then have been utilised on some 
definite system to ensure the conservation of 
the water, and to avoid the appropriation otf 
important gathering grounds for small! purposes. 


Storage of Flood Water. The utilisa- 
tion of the excess water in wet seasons to 
meet the deficiencies in’ dry seasons can be 
accomplished only by the construction of im- 
pounding reservoirs, in which flood waters may 
be stored, with the double advantages of mitigut- 
ing the effects of floods and of better adjusting 
the balance between supply and demand 

In considering the question of conserving 
flood water for town supply, flood water was, 
until recently, objected to, as it was under the 
ban of being polluted. The report of Lord 
Llandaff’s Commission, mn 1899, on London water 
removed this ban as it stated that “no restriction 
need be placed on taking flood waters,” and alro, 
“it would present a double advantage— the cost 
of pumping to store would be saved, and it 
would be possible to take much more water into 
the reservoir when the river is full, as the intake 
would not be limited by the capacity of the pumps, 
which cannot deal with more than a fraction 
of the water passing down at times of flood.” 


Continued 
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Channels to Promotion from the Ranks. Examinations for the Private. 
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Branches of the Service. 


Pay, Discharge, Pensions 


By C. DUNCAN CROSS 


[ ANCE-CORPORAL or acting bombardier is 
perhaps the most difficult position of any 
man in the Army, and for this reason. He is pro- 
moted from among his fellows, and exercises a 
certain limited authority over them. He must live 
among them, mess with them, and be one of 
them ; yet all the time he must keep his authorit 
intact. A very good use for his leisure hours will 
be attendance at the regimental school or private 
study to improve his education, for to-day 
war is a complicated thing, in which book 
knowledge has its place quite as much as 
physical strength. In any case, before being pro- 
moted to corporal or bombardicr, the aspirant 
will have to gain a third-class certificate of 
education, if he does not already possess one. 
This is an easy examination which any intelli- 
gent boy should be able to pass. Tt consists of : 

ARITHMETIC. Compound rules and reduction, 
simple vulgar fractions, and the ability to make 
up @ messing account, 

Composition of a letter to a friend.. 

Writine FRoM Dictation. Extracts from 
Regimental Orders. 

In this he must gain 120 marks out of a possible 
200. As a corporal he will have to wait some 
time for his third stripe. The interval may 
very well he occupied in gaining a second-class 
certificate for : 

ARITHMETIC. Reduction, practice, proportion, 
fractions, decimals, military percentages, averages 
and proportion, superficial and cube measures, 
ability to make up a pay and messing account 
for three, etc. 

Composition. Ability to describe clearly any 
simple object, incident, or place in the candi- 
date’s acquaintance. 

Writina FRoM Dictation. Extracts from 
Regimental, Command, or Army Orders. 

Sergeants. With a second-class certificate 
& man may be promoted to sergeant when a 
vacancy occurs. In addition he will have to 
pass a practical examination in the intricacies 
of drill and the interior economy of a company, 
squadron, or battery. 

At the present time it is possible to rise to 
colour-sergeant, or the equivalent positions of 
troop sergeant-major and battery sergeant- 
major in Cavalry and Artillery, merely by waiting 
for seniority. But all signs point to the fact 
that in futuro a first-class certificate will be 
necessary ; and this is a more serious affair. 

Anitumetic. The whole subject (except 
present worth and discount, stocks and cube 
root). Prominence is given to problems. 

Composition. The ability to write out in 
clear | age the substance of a passage of 
English prose read ouf\ by the examiner. 
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Map Reapina. A knowledge of the four 
cardinal and the four intermediate points of the 
compass ; a knowledge of plain scales sufficient 
to measure distances on a map ; a knowledge of 
the meaning of contour lines and coloured shad- 
ings on maps; and ability to draw the con- 
ventional signs used in field sketching. 

ENGLISH History. From the year 1688, and 
& campaign or a biography. 

GroaRaPny. Including a general knowledge 
of the size and position of the continents, 
oceans, and the countries of the world ; detailed 
knowledge of the British Empire; a general 
knowledge of the movements of the earth, the 
variations of time, season, and climate. 

A soldier holding a first-class certificate 
can be examined, at his desire, in any foreign 
Janguage, in shorthand, or in typewriting (these 
two last being particularly useful to those engaged 
in clerical work), or in any of the following 
military subjects: (1) Military engineering, 
tactics, and topography ; (2) military Jaw; (3) 
administration, organisation, and equipment ; 
(4) military history. The holding of the certi- 
ficate is valuable, not only for the increase of 
pay which it carries, but also as a proof to his 
superior officers that he intends to succeed in 
his profession. For promotion to warrant rank 
it is essential. 

Quartermasters. A post much sought 
after is that of quartermaster, which carries 
with it the rank of honorary lieutenant. To 
attain this the soldier must have branched off 
earlier in his career and have had something to 
do with the quartermaster’s department—have 
become in time quartermaster-scrgeant. Then, 
if he holds a first-class certificate and is not 
over forty years of age, his colonel may recom- 
mend him, on the occurrence of a vacancy, for 
quartermaster. In the Cavalry the post of 
ridingmaster bears an honorary commission 
and is obtained by corporals and sergeants after 
a course at Canterbury. 

Another post of honour is that of sergeant 
major. Our sergeant having been promoted to 
colour-sergeant, or its equivalent, must then 
wait with what patience he can for promotion, 
which, other things being equal, goes by seniority 
among the senior N.C.0.’s. To a good many 
men this appointment is the summit of their 
ambition, and they are content to serve on as 
warrant officers to complete their twenty-one 
years for a pension. To a few of those who 
desire it, comes the appointment of quarter- 
master, carrying with it the rank of honorary 
lieutenant. 

Technical Branches. Of the technical 
branches the Royal Engineers is the most 


popular. Men of the following trades are en- 
listed as sappers, and approximate in rank 
to infantry privates: Balloonists, blacksmiths, 
boatbuilders, boatmen, boilermakers, — brick- 
layers, cabinetmakers, carpenters, coppersmiths, 
coopers, divers, electricians, engine drivers and 
makers, farriers and shoeingsmiths, fitters, 
gasfittors, harness makers, instrument repairers, 
joiners, masons, metal turners, moulders, painters, 
paperhangers, pattern makers, plasterers, plum- 
bers, riveters, sawyers, shipwrights, slaters, 
tinsmiths, wheelwrights, whitesmiths, wood 
turnecrs, and a few men of other trades such as 
architects, clerks, photographers, printers, tailors, 
telegraphists. Any man who is a good crafts- 
man in these trades will find a niche in tho 
Engineers. A few drivers are also required. 
Telegraphists and men conversant with railway 
work are welcomed in the Reserve. 

Before being accepted the recruit has to 
tatisfy the authorities that he is a good work- 
man. This may be done either by producing 
a certiticate from his employer or by trial in a 
military workshop. Men are rated and paid 
according to their abilities, and those whose 
trade qualifications do not come up to standaid 
are classed as “labourers.” On improvement 
they are promoted to a higher class of pay. 

Pay for Engineers. It may be well to 
ttate briefly the system of payment in thie 


Engineers. There are seven rates of Engineer 
pay, as followe : 
s. dd. 

Ist Rate... oe 2 0 per day 

2nd ., oe hs a. 

3rd 1 4 

4th 1 0 

5th 0 8 

6th 0 6 

7th 0 4 


Every recruit on being dismissed from in- 
struction in field works, or whatever branch of the 
Service he may be attached to, begins to carn 
Engineer pay at one of these rates in addition 
to his daily pay. Before he can be promoted 
the Engineer must be proficient at hi» trade, 
whether it be bridging, survey, telegraphy, or 
what not. He will find in this self-contained 
corps instructors of all sorte to assist him, and 
the smart man is soon picked out for promotion 
to acting corporal. From acting corporal 
he rises through second corporal to corporal, 
just a» does the infantryman, and his work will 
increase in importance and interest as he guen 
on; till, on passing the educational examination 
outlined previously, and on giving proof of 
efficiency in his trade he reaches the rank first 
of sergeant, then of company sergeant-major, 
or of quartermaster-sergeant. He will find as he 
gets on that there are billets for warrant officers, 
such as instructorships at the depots, on the 
ttafis of the regimental districts, and at the 
Record and Survey Department at the War 
Office, at home and abroad, that carry with 
them excellent pay. At the end of his service, 
too, he is nearly sure of obtaining employment 
in a civilian capacity, thanks to the admirable 
training he has received in the corps. 
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Army Service Corps. The Army Service 
Corps is another skilled corps to which tradesmen 
will naturally turn. Its duties are the supply of 
the Army with necessaries, and it therefore in- 
vites workmen belonging to the following trades: 
Bakers and confectioners, butchers, carpenters, 
clerks, coopers, farriers, saddlers and collar and 
harness makers, shoeing and jobbing smiths, 
tailors, engine drivers and makers, fitters, 
gastitters, metal turners, moulders, plumbers, 
riveters, metal shipwrights, tinsmiths, and 
whitesmiths. When the men are accepted thoy 
must show their knowledge of their trade, and 
when they have completed their military training 
they are omployed at their special trade as far 
as possible. Promotion is rapid, owing to the 
large proportion of N.C.O.’s required for respon- 
sible positions in the corps. and at the end of 
their period of service employment is generally 
not far to seek. 

Army Ordnance Corps. In the Army 
Ordnance Corps there are wanted carriage 
smiths, clerks, collar makers, coopers, fitters, 
labourers, saddlers, sail makers, smiths, and 
wheelers. — After three months’ drill and 
instruction those who pass the trade test are 
employed at ther particular calling. The 
corps is a small one, whose duties are the pro- 
vision of arms and ammunition, equipment, 
stores for barracks, ete , and the repair of articles 
returned to store. Since over 40 per cent. are 
warrant or non-commissioned officers, it will 
be seen that the opportunities to the skilled man 
are very great. The armourer section forms 
a notable feature of the corps. To enter it 
& man mus be a qualified gunsmith, and after 
undergoing a course at the small arms tactory 
he is promoted at a bound to armourer-sergeant, 
and generally attached to a body of troop» to take 
charge of the arms and their repair. The 
machinery artificer section consists of qualified 
fitters and watchmakers, whore dutics are the 
examination and repair of gun mountings and 
instruments. Candidates for this section on 
giving proof of their expertnes» are promoted 
immediately on enlistment. 

There 18 no prospect of rising beyond the rank 
of warrant officer, but the pay of the corps 
isso good that it attracts many skilled men 
who prefer the certainty of the Army to the 
uncertainties of civil life. 

Medical Corps. The Royal Army Medical 
Corps is for the care of the wounded in the 
field and for the care of the sick in peace 
time. For men who have a liking for the 
work there are good openings, inasmuch as 
there is a very large proportion of N.C.0O.’s 
to privates—about one in four. After being 
dismissed from the preliminary instruction 
recruits are posted to the various branches of 
the corps—to the nursing, clerical, cooking, or 
general staff, where they learn the duties they 
will have to carry out in the field. In addition 
to the regimental pay there is corps pay, 
corresponding to the “ Engineer pay.” On being 
reported qualified in their duties recruits begin 
to draw their corps pay, ranging from 5th rate 
for third-class orderlies of the nursing section 
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and privates of the general duty section (4d. 
per day) to Ist rate for sergeants and lance- 
sergeants of the nursing and cooking sections 
(1s. per day). The work in peace time is light 
but unexciting, and since promotion is rapid, 
there is a steady flow of recruits to the corps. 
On retirement there is a good chance of obtaining 
employment in hospitals, asylums, prisons, and 
other public institutions, There is, however, 
no chance of rising above warrant rank. The 
regimental pay is slightly better than that of 
the Infantry of the Line, ranging from Is. 2d. 
per day for a private on enlistment to 2s. 8d. 
per day for a sergeant. Quartermaster-sergeantn 
get 4s. 6d. per day. 

Boys. <A small number of boys are required 
in the Army for service as buglers, trumpeters, 
drummers or musicians. They must be between 
14 and 16 (unless from the Gordon Boys’ Home, 
where they have been trained as musicians or 
in some trade ; or boys for the Koya] Artillery, 
when the age limit is extended to 17), and the 
consent of a parent or guardian is necessary. 
At the age of 18 they become available for 
service in the ranks, and proceed as do other 
soldiers. 

Discharge and Pensions. Should a 
soldier within three months of his joining the 
Army desire to leave the Army, he may pur- 
chase his discharge for a payment of £1(). 
After that time it will cost him £18. Should 
he have served three years and have been trans- 
ferred to the Army Reserve the sum increases 
to £25. 

At the end of 12 years’ service with the Army 
and the Reserve a man is given a free discharge 
with a gratuity of £1 for every year served, with 
& maximum gratuity of £12. But the soldier 
whom we have been advising will re-engage 
after 12 years for another nine years to com- 
plete his time for a pension, and on leaving hie 
receives a pension according to his rank and 
the length of time he held it before discharge. 
Warrant officers and non-commissioned officers 
are divided into classes according to the time 
served in their rank and their qualifications : 
Warrant Officers, 3s. to 5s. a day; non-com- 
missioned officers, ls. 3d. to 3s. 6d. per day ; 
and privates, 8d. to ls. 6d. per day. Service 
beyond 21 years brings with it Id. a day for 
the higher classes and 3d. a day for the lower 
classes, with a maximum addition of 9d. and 5d. 


respectively. For wounds or injuries contracted 
in the country’s service pensions are given on 
the man’s discharge, varying between 4d. and 
38. 6d. a day, according to rank and the extent 
of the injury. Good conduct medals carry 
with them a gratuity of £5 on discharge, and 
tho Victoria Cross a pension of £10 a year. An 
important question before a man nearing the 
end of his service is: “What can I do when I 
return to civil life?” For a really good man 
who has been popular with his officers there i: 
often some position of trust to be obtained by 
his commanding officer’s influence. Should this 
privileged avenue fail, Government employment 
is offered to discharged soldiers in the Post 
Office, the Royal Arsenal, Army Clothing and 
other Government departments. The police 
force, the Commissionaires, and the staff of 
Park Rangers are also favourite outlets for 
ex-soldiers. There is a National Association for 
the Employment of Reserve and Discharged 
Soldiers, where men may register their names 
for civi] employment, and it is evident that the 
matter will shortly be taken in hand by the 
Government by teaching men a useful trade 
during their period of service in the Army, and 
by ear-marking certain Government appoint- 
ments for ex-soldiers and sailors. In any case 
a thrifty man should he able to save, atter he 
begins to.draw service pay, not less than 68. a 
week, which, with interest at the rate of 2} per 
cent., will amount at the end of his 21 years to 
nearly £400—a very useful asset with which to 
purchase a business or set himself up in trade. 

Pensions for Widows, Lastly, pensions 
are granted to widows and children of 
N.C.O.’s and men who have died of wounds 
or injuries received in the execution of their 
duty. These vary between 5s. and I0s. a 
week for the wife, and Js. 6d. to 2s. for each 
child, according to the rank of the husband. 
For the orphans of soldicrs and a few other 
deserving cases there exist the Duke of York's 
Military School and the Royal Hibernian Military 
School, where boys are educated free of charge. 
The future of these boys is provided for by the 
authorities, who at the expiration of their school 
life will either apprentice them to trades or 
allow them to join the Army. Among the 
best men in the Army are to be found 
boys who were brought up at these admirable 
institutions. 
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DAIRY FARMING 
continued from page 3803 








By Professor JAMES LONG 


N° article of food has been subjected to so 

much criticism or to such searching examin- 
ation as milk; and yet we have much more to 
learn about it, especially as to its behaviour in 
relation to fermentation, to the manufacture 
of cheese and butter, and to digestibility. 
Although a fluid, it contains food in the form of 
fat, which is the chief constituent of butter, 
sugar, casein (a most important albuminoid), 
and various mincral matters. Its average 
composition is as follows : 


Low 
Quality. 


 eeeamenal 


Average 

Quality. 
8 35 
3° 45 
4 83 


72 : 
87 65 88° 90 


Constituent. 


*Kat axe +s ee! 
Casein and Albumin 


ugar... 
Mineral matter 
Water 


100° 00 100° 00 


* This and subsequent tables are from ‘‘ Elements of 
Datry Farming,” by James Long. 


If, however, we take the estimates and 
average analyses of various British and foreign 
authorities, the average fat percentage reaches 
3°7, and the solids other than fat, 9 per cent. 

Colour. Milk varies in colour in accordance 
with the breed or individuality of the cows 
producing it. The Jerseys and Guernseys of 
the Channel Islands, the South Devon cows, 
and cattle of similar types ia France and 
Denmark produce milk of richer colour than the 
majority of native breeds, this colour being dye 
to the globules of fat which are held in suspen- 
sion, and which, when removed, leave the fluid 
white. If, however, the casein or curdy matter 
be also removed, as in the cheese dairy, the whey, 
which is the liquid remaining, is of a greenish 
yellow colour, containing nothing but sugar and 
the mineral matter. 


Solids. Thé solid matter in milk is held 


partly in suspension and partly in solution, 
the proportions, as defined by the eminent 
French chemist Duclaux, being as follow in 
milk of very poor quality : 





Solids, 1 In Suspension. 







In Solution. 





ome sapame wage 


Per cent. Per cent. 
Fat 2°75 
Bugar.. .. .. .. — 
*Casein (and albumin) | 2°72 
Phosphate of Lime .. °21 







Soluble Salts .. .. — 


be * Duclaux includes all nitrogenous matter under this 
Tm. 


We have stated that the colour of milk 
varies with the breed; the remark equally 
applies to its quality. It varies also in ac- 





time which divides each milking, with the date 
whioh has elapsed since the cow calved, with 
the condition of her health, and whether or not 
she be in a state of excitement. The first milk 
drawn, too, is much pooror in quality than the 
last milk, hence the importance of thoroughness 
in milking. It is for this reason that the owners 
of many herds cause each cow to be stripped 
after the milker has completed his work, thus : 


Fat. | Solids. | 


PPT | ca a ee end 


Per cent. | Per cent. 
: 11°8 


Water. 


Per cent. 
88°17 


Firat milk .. .. 1°82 


9°63 
1°22 
8° 48 


Strippings 
Firat quart .. 
Last quart 





Coloatrum. Whatever may be the quality 
of the milk of the individual cow, or the difference 
between the various cows in a herd, the com- 
position of the milk of mixed herds is ver 
similar, owing to the fact that the milk of eac 
cow is mixed before it is despatched to tho 
purchaser. The first milk yielded by o cow 
after she has produced her calf, and known as 
colostrum, is poor in fat but extremely rich in 
casein and albumin, “which is present in all 
milk but usvally included under the term casein. 


COMPOSITION OF COLOSTRUM (WARINGTON) 


Per cent. 

Water 71°7 
WOU ca) Se Cee hed ee ba 3° 

Casein and other albuminoids 20'7 

ugar .. ‘ ave 3'2 

Mineral matter 1'1 

100° 1 


Morning and Evening Milk Com. 
pared. As the cow, however, progresses and 
becomes stale—namely, as she approaches the 
time of drying—her yield diminishes in quantity 
but sensibly increases in quality. It is believed, 
too, that with the increase in age, especiall 
after a cow has reached six years, her milk 
increases in quality, but facts do not fully 
warrant any statement being made as to its 
general application. When a cow is milked 
every twelve hours the milk she produces is 
practically identical in quality ; but where the 
afternoon or evening milking is—as is tho case 
in this country—from seven to nine hours after 
the morning milking, the quality is sensibly 
increased in the evening, and as sensibly di- 
minished in the morning. The evening milk 
i3, therefore, weight for weight, much more 
valuable than the morning milk. 

Influence of Food. The influence of 
food on the qe and value of milk is not 
fully recognised. Producers, as a rule, believe 
that they can improve the fat contents by high 
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while it is distinctly in opposition to scientific 
teaching. Farmers have observed that in 
changing a herd from one pasture to another 
there is an almost immediate and beneficial 
result. But that result is chiefly in the direction 
of an increased quantity, and the reason is 
obvious: the cows are removed from grass 
which has been eee eaten close to the 
soil on to a field which is fresh, sweet, and 
perhaps carrying abundant herbage. 

Value of Fresh Pastures. Apart from 
this, however, the mere change from a stale 
to a fresh pasture encourages secretion. And 
s0 it is, where the cows are stalled, when 
thoy receive an increase in their ration of cake, 
meal, grains, bran, or some similarly palatable 
food. When a cow is receiving a full ration -- 
that is, as much as she can properly assimilate— 
no addition, either of quantity or quality of 
food, will enable her to produce milk of superior 
quality ; but when she is under-fed there is 
every reason to believe that any addition to 
her ration is followed not only by an increase 
in the quantity but an increase in the quality. 

Again, it is obvious that much depends on 
the health of the cow. If her system be dis- 
turbed, not only is the quantity diminished, 
but the quality suffers, and so far as has been 
observed a diminution in quantity means a 
diminution in the fat percentage. The following 


instances of two cows suffering from pleuro-, 


pneumonia may be quoted to emphasise this: 
Per cent. Per cent. 
. 8960 89°18 





Water 1 \ 
Fat... 1°18 1°30 
Sugar 3 4°40 4°60 
Casein a, sae 4°16 4 38 
Mineral matter 0 66 ; 0' 64 
=o 7 
100 00 100; 00 


Cooling and Aerating. It is important 
that milk should be aerated, and if intended 
for sale, cooled as soon as it is drawn. The 
modern system of cooling, by means of either 
the horizontal or the lenticular cooler, figured 
and described in the next lesson, provides 
complete aeration by which the cow-like odour 
of the milk is removed. Where milk is 
placed in a vessel, and especially if it be 
covered with a lid, without cooling or eerating, 
its disagrecable odour is largely retained. The 
exposure of milk to any pungent smell should 
always be avoided, as it possesses a property 
of absorption which may render it almost unfit 
for use, or even for conversion into butter. 


Specific Gravity. The density or 
specsfic gravity of milk varies in accordance 
with its quality ; but to ascertain its density 
by direct weighing is impossible except in 
skilled hands and by the aid of the delicate 
instruments of the laboratory. Specific gravity 
is taken for all ordinary purposes by the aid of an 
instrument known as the lactometer, but it is im- 
portent that the temperature should be observed, 
inesmuch es milk expands with heat. A gallon of 
pure water weighs 10 lb. at 60 degrees F., 
when the barometer stands at 30 in. Under 
similar conditions milk may weigh from 1¢°27 
to 10°34 Ib. per gallon, its specific gravity, by 
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altering the decimal point, thus being 1027 to 
1:034, figures 'which may be regarded as the 
limits. Although it is quite opted that 
while pure milk ma ess = density repre- 
sented by either of these extremes, yet the 
probebility is that it is watered or skimmed. 
Obviously the fat globules of milk ere lighter 
then the water of milk which, as we have seen, 
forms some 87'5 per cent. of its composition ; 
but the remaining constituente—the minerals, 
the casein and the sugar—are heavier. If, 
therefore, we remove the cream, which contains 
practicelly all the fat, the density of the milk is 
raised ; whereas, if we add cream to pure milk 
it is reduced. The reason why milk is slightly 
hesvier then water is due to the fect that the 
suger, cesein and mineral mattcr, owing to 
their larger quantity, influence it more than 
the fat. Again, if water be added to milk, its 
specific gravity is reduced; thus, milk with a 
low specific gravity is usually regarded as watered 
milk. If we take a pure sample and assume 
thet its specific gravity is 1:031, the figure 
will be increased by the removal of the cream. 
If we add 10 per cent. of water, the density 
will be reduced to 1:029, and still further 
reduced point by point until, when 50 per cent. 
of water is added, its density stands at 1:016. 


Testing for Adulteration. One of the 
commen practices of the day is the addition 
of separated; or skimmed milk to new or 
whole milk. As by the Government standard 
milk offered ,for sale must contain 3 per cent. 


“of fat, it follows that a vendor can dilute a 


rich sample—one which, for example, contains 
3‘7 per cent. of fat—with separated milk and 
still remain on the right side of the law, although 
the practice, if known, would subject him to 
prosecution. If we assume that pure milk of 
good quality varies from 1:029 to 1-032, neithor 
of which figures are extreme, there is reason to 
suspect its purity if it falls below the former 
or is raised higher than the latter figure. A 
high specific gravity—1°034, for example—sug- 
gests the addition of separated milk. It is 
important in testing with the lactometer to 
obtain a table which is frequently sold with 
the instrument in order that whatever its tem- 
perature when tested, its actual specific gravity 
may be recognised by reference to the figures. 
Just as milk expands with a rising temperature, 
so it contracts as the temperature falls; but 
this contraction ceases at about 4° C., below 
which expansion again begins. 

The German expert Fleischman has shown 
how the constituents of milk are divided in the 
process of butter and cheese making. His figures 
are extremely valuable and are as follows : 








Fat. , Casein, | sugar | Ash. 





Substance. 


— 





Water. 

































Whey .. 
Buttermilk 


It should be pointed out, however, that in the 
manufacture of skim cheese a larger quantity 
of fat is left in the skimmed milk than under 
other conditions. 

The Fat in Milk. If a drop of milk 
be placed beneath the microscope, the field will 
be covered with a large number of tiny globules 
somewhat evenly distributed, although some- 
what irregular in size, especially in the milk 
of Channel Islands cattle. A drop of the last 
milk drawn from the cow at milking time will 
contain a much larger number of these globules 
than a drop of the first, or fore milk, while the 
latter will contain still more than are seen to be 
present in a drop of skimmed milk. Fat globules 
of average sizo measure about pr of an inch 
in diameter, but the largest globu es are about 
yvoo and the smallest jshg5 of aninch The 
number of globules present in a cubic millimetre 
(,¢9 Of an inch) has been estimated at from 
a, million to 3} millions. The fat of milk, which 
is represented by these globules, chictly consists 
of olein, stearin, palmiten, butyrin, caproin, and 
caprylin, palmitin and 
stearin being regarded as 
solid fats, and the remainder 
as liquid fats or oils. Thee 
constituents butyrin, cap- 
roin, and caprylin in their 
corresponding form of fatty 
acids are volatile. If we 
take the average size of the 
fat globule of the Guernsey 
and Jersey cow at 100, and 
its diameter at yas, of an 
inch, the size of the globule 
in other milks will be found 
to vary from 110 to 133, and 
the diameter from j 5399 to 
1 26a Of an inch. 

Size and Number 
of Globules of Fat. 
In an investigation in which 
the milk of 15 cows of six 
different breeds was sub- 
mitted to 150 examinations 
it was found that the number of globules of fat 
produced by the average animal was about 
136,000,000 per second. The size of the 
globule exerts an important influence on the 
success of a butter dairy. The larger the 
globule the quicker it rises to the surface 
where milk is set for cream, while the smaller 
the globule the longer the delay, and there- 
fore the greater the difficulty in reaching tho 
surface—a difficulty which becomes impossible 
when, owing to such delay in warm weather, 
acidity commences, the milk 1s cuagulated, and 
the passage upwards blovked. The fats of which 
the globule is composed are in no case constant 
in quantity—especially varying with the tem- 
perature and probably with the food consumed. 
In winter the solid fats are larger in proportion, 
and the food smaller, while the volatile fatty 
acids frequently vary as winter approaches 
to such an extent that pure butter has, upon 
analysis, frequently been condemned as mar- 
garine owing to the similarity in its composition 
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to that imitation in this particular aspect. Agree- 
able as milk fat is to the palate, its odour 
and flavour are rapidly changed by exposure 
to light and air. This change is believed to bo 
due to the decomposition of the glycerides of 
the volatile fatty acids, which is retarded 
by the aid of salt and various chemical preserva- 
tives—which, however, should never be used. 
Decomposition is retarded by the skilful removal 
of all foreign matter in the manufacture of 
butter, especially of the sugar and casein, which, 
present in the cream, find their way into im- 
perfectly made butter. 

The Sugar of Milk. This is one of its 
most constant solids, and the one which, in tho 
process of cheesemaking almost entirely remains 
in the whey. It is composed of carbon and the 
elements of water as follows: 


Carbon 40 00 
Hydrogen 6 46 
Oxygen .. 63 34 
Total  100°00 
Sugar of milk does not ferment so casily as 


cane sugar. It can be ob- 
tained from milk by the 
evaporation of the fluid in 
which it is in solution after 
the extraction of the casein 
and fat. In its pure state 
it keeps well, and is soluble 
in hot water or in five to six 
parts of cold water. [See 
the lessons on Sugar in Foop 
SuPPLy. ] 

The Casein of Milk. 
The albuminoid matter of 
milk, which includes al- 
bumin, is usually described 
by this term. The follow- 
ing figures represont the 
composition of casein: 


Carbon 63°83 
Oxygen 22 62 
cron 7 1b 
Nitrogen 15 65 
Sulphur. A trace 


Although casein can be pre- 
cipitated by various acids, including the lactic 
acid of milk itself, which causes spontaneous 
coagulation or curdling, it 1s in the process of 
cheesemaking coagulated by rennet, to which 
reference is made in a subsequent lesson. Casein 
is one of the three important constituents of 
cheese, of which it forms about one-third. It 
in present in cream in small quantities, but should 
be entirely absent from butter, in which, as it 
decomposes, it causes o disagreeable flavour and 
odour. The albumin of milk, unlike the casein, 
is not precipitated by rennct, but by heat; 
hence the practice of many cheesemakers of 
cooking the curd, as it is termed—that is, heating 
it to an unusually high temperature. The 
albumin of milk is believed to form about one- 
sixth part of its albuminoid matter. 

The Mineral Matter or Ash of Milk. 
This is utilised in the anima) economy in 
building up the body and other structures 
of the body of which minerals form part. It 
is extracted from the soil by plants, and 
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conveyed by them in the form of food to the cow. 
Average milk contains about 0°7 per cent. of 
mineral matter, usually described as ash, for 
the reason thet when the solid matter of milk 
is burnt the minerals remain in that form. 
The chief mineral constituents of milk are potash, 
lime, phosphoric anhydride, which forms about 
one-third of its total weight, chlorine, soda, and 
magnesia. Where milk is sold the loss of fertile 
matter to the soil from which the cows are fed 
in the course of a year is considerable, owing to 
the removal of the nitrogen in the casein, and 
the potash and phosphate of lime in the ash. 
These three materials, as we have shown in 
dealing with the science of manuring [pages 
433-4], form the three cardinal constituents of the 
soil, and those which are essential] for the growth 
of crops. Where, however, cows are fed upon 
purchased cake or corn, and especially where, 
in addition, artificial manures are employed, the 
loss through the medium of the milk may be 
ignored, that loss being variously placed at 
from 20s. to 25s. per cow per annum. 

Bacteria in Milk. The maintenance of 
the sweetness of milk is almost as important as 
its purity. Milk changes with great rapidity 
during hot weather, and at all times acidity is 
induced by the presence of organisms known as 
bacteria. The organism chiefly concerned in 
the production of acidity in milk is known as 
Bacterium lactis, which is chiefly derived from air, 
and which is abundant in dairies, milk shops, 
cow-houses, and other apartments in which milk 
is produced or handled. The organism chiefly 
feeds upon the albuminoids of milk, and by its 
action converts the sugar of milk into lactic 
acid. The lactic bacterium, however, is not the 
only organism found in milk ; there are others 
which are equally responsible for fermentation or 
chemical changes, not only in the milk itself 
but in the butter and cheese produced from it, 
end among these may be mentioned the butyric 
ferment (Bacillus butyricus) which is the cause of 
rancidity in butter. Other forms of bacteria are 
occasionally found, including the organisms 
responsible for tuberculosis and other serious 
diseases ; but where ordinary care is taken, or 
where milk is boiled or sterilised, the presence 
of these germs need not be feared. 

Why Cheese Ripens. Milk also con- 
tains a variety of unorganised ferments, 
some of which are responsible for the ripening 
and flavour of cheese, and of moulds. Among 
the former may be mentioned galactose, an 
enzyme and digestive ferment, which was 
discovered by Drs. Badcock and Russell, said to 
resemble a secretion of the pancreas of animals, 
To this enzyme the discoverers largely attribute 
the ripening of cheese, which they contend may 
now be cured by its aid at a low temperature, 
thus rendering the old-fashioned cheese-rooms 
and the maintenance of a high temperature 
unnecess In Great Britain, however, the 
old system is still in force, and is likely to remain 
so until more is known of the new discovery. 

Multiplication of Bacteria. The 
bacteria of which we have spoken are single- 
celled members of the vegetable world, seldom 
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exceeding 10 yw. («= 001 millimetre in dia- 
meter). The multiplication of these organisms 
is extraordinarily rapid ; ina humid atmosphere, 
and at a temperature of from 86°F. to 104° F., 
the cells divide in from 15 minutes to an hour, so 
that at the latter temperature a single cell may 
become millions in a day of 24 hours. Before 
ita extraction from the udder of the cow, milk is 
germ free, but immediately it is e ed to the 
atmosphere it is attacked by bacteria, especially 
in the cattle-house, where they abound—hence 
the importance of milking, if possible, in the 
open air. Harwood records that in a test made 
at the Maryland Station 7,000 bacteria were 
found in a cubic centimetre of milk (about a 
quarter of a g seco ; while after standing in 
water for 15 hours at 60° F., 2} millions were 
found. When 24 hours had elapsed, the number 
had reached 69 millions, while at the end of 
39 hours there were no less than 300 millions. 
Bacteria are Good Servants but 
Bad Masters. Although there are bacteria 
which are useful to man, it is incontestable that 
where, owing to imperfect conditions, these in- 
crease rapidly, they become extremely deleterious 


.in their turn, and render milk unfit for food. 


When the temperature of milk is reduced, the 


; rapidity of reproduction diminishes, and it is 


for this reason that dairymen require the farmer 
to cool the milk down to 50° F., when reproduc- 
tion is practically checked, to be increased, how- 
ever, ijmimediately the temperature rises. Facts 
strhilar to those recorded by Harwood have been 
laid down by experimenters like Knopf, Miguel, 
and Freudenreich, in whose laboratory in Berne 
we have been enabled to see something of this 
particular work. The researches of Dr. Newman, 
who has repeatedly taken samples in London 
boroughs, many of which were unfit for human 
food, entirely confirm the results in the labora- 
tory. When milk is coagulated, the growth of 
bacteria is checked; this is believed to be in 
large measure owing to the acid which they 
produce—in a word, their multiplication is 
stopped by the accumulation of the products of 
their own growth. While bacteria are harmful 
when allowed to obtain the mastery, they are the 
valued servants of the butter and cheese maker 
who keeps them under control. 

Sterilisation. The lactic bacterium is 
from 1°3 «. to 1°6 uw in width, while in length it is 
about 1} times its breadth. It is destroyed 
when the milk is boiled, but its spores or seeds, 
which are believed to resist heat up to 245° F., 
are practically killed when submitted to boiling 
point for half an hour. This, at all events, 
appears to be the result of the practice called 
milk sterilisation. Lister has demonstrated that 
where sterile milk is drawn from the cow into a 
sterilised bottle, and contact with air prevented, 
and if the bottle be hermetically sealed, it will 
keep. Milk, however, is now in daily practice 
sterilised by submission to heat at 212° F. for 
half an hour. The milk is first cleaned in the 
centrifugal separator, from which the cream tube 
is removed ; as it revolves, the dirt, the bacteria 
and other impurities are thrown to the sides 
of the vessel, where they form a somewhat 


disgusting scum. It is subsequently passed into 
bottles, placed in the steriliser, with the stoppers 
loose, submitted to the required heat, when the 
stoppers are closed by a gloved hand in the live 
steam, so that the entrance of fresh germs from 
the air is prevented [17]. Milk prepared in this 
way may be delivered to customers by the dozen, 
or by a week’s or fortnight’s supply according 
to arrangement. 

Pasteurisation. Pasteurisation [18] differs 
from sterilisation inasmuch as the milk is sub- 
mitted to a lower temperature—175° F.—by 
which the bacteria are destroyed but not the 
spores, Coagulation of milk does not take place 
until from 7 per cent. to 8 per cent. of lactic acid 
has been produced. If before this quantity he 
present the acid is neutralised by the addition 
of an alkali, coagulation is postponed; but 
neither alkaline nor other so-called milk pre- 
servatives should in any case be used. Although 
the opinions of experts differ as to the influence 
of these materials, the majority of medical 
opinions is to the effect that they are 
deleterious to health, and especially to 
children and invalids. Pas- 
teurised milk will keep longer 
than raw milk. When Fjord 
heated soparated milk (a por- 
tion of which was boiled in the 
month of June after seven hours 
of exposure) to 158° F., subsequently 
cooling it slowly, it boiled after 15 
hours’ exposure; when suddenly 
cooled to 77° F., it kept for 35 hours. 
In factories, the separated milk, after 
skimming, is Pasteurised, and sub- 
sequently cooled to 50° F., with 
such results that farmers are ahblo 
to take it home for use, and whole- 
sale buyers to place it on the markct. 

If the lactic fermentation of 
milk be permitted to continue, a 
butyric acidisformed[seeCHEMIS- Samm 
TRY, page 3273]. Lactic acid, into as 
which the sugar of milk is 
changed during fermentation, 
and as the result of the activity of the lactic 
bacteria, is composed of the same elements as 
the sugar itself, but the value of the milk as 
w food is entirely changed. 

Cream. Cream is a milk product which 
possesses no definite standard. It may be thin 
or thick when removed from the milk ; its thick- 
ness depends partly upon temperature, partly 
upon the presence of acid, and partly upon the 
quality of the milk and the system of skimming 
or setting adopted. By the aid of the separator, 
it can be removed as thin cream—which means 
that it contains more of the milk serum. If 
sect at a low temperature, and if the milk be 
cooled before it is set, the cream will be thin. 
Cream cooled on ice, or slightly heated, will 
become thicker. In the latter case its apparently 
more substantial character is owing to the pre- 
sence of acid and the slight coagulation of the 
casein, Very rich cream may contain only one- 
third of its weight of water, whilo very thin 
cream may contain two-thirds. 
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Devonshire Cream. Clotted cream, as 
made in the West of England, contains some 
60 per cent. of fat and 33 per cent. of water, 
with approximately 5 per cent. of casein. 
Commercial cream is frequently preserved b 
the aid of chemical preservatives, for whic 
reason it is a less desirable food. If milk be set 
in open vessels with a depth of 5 in. to 6 in. for 
12 to 24 hours for the cream to rise, and the 
whole be then scalded to 170° F., there is slight 
coagulation—in such a case the cream becomes 
clotted. In this form it is not only highly 
appreciated on the table, but keeps longer. 
The remark applies equally to the milk serum 
remaining, and to the butter produced from the 
cream itself. 

The Separator. If cream of 10 per 
cent. quality be removed by separation, that 
quality should be high. At wholesale price, 100 
Ib. of milk, or 10 gallons, would cost during the 
six months April to October, 6s. 3d.; so that 
one gallon of cream costs Is, 6$d. per quart 
plus the cost of separation. Such 
cream, however, is commonly sold by 
m retailers ot 4s. a quart, or 6d. a re- 
= puted quarter pint jar, which is equal 
to 4s. a reputed quart. Naturally, 
thick cream is frequently purchased, 
however, and thinned by the addition 
of milk before retailing. Where cream 
is removed by the separator, the 
quantity of fat left in the milk seldom 
exceeds 02 per cent. ; but where it is 
skimmed from the milk which has 
beon set in open vessels the fat re- 
maining may reach one third of its 
toval contents. 

Why Cream Rises. The rising 
of cream is due to its lower density, 
that density varying from 1-000 to 
1-016, so that, while it is lighter 
than milk, it is hoavier than water. 
The practice of estimating the quality 
of milk by the aid of a creamometer is 
fallacious; this is owing in part to 
the temperature of the atmosphere, 
and in part to the individuality of the cows pro- 
ducing it. A tube in which milk is set may throw 
up cream of a high percentage, while the milk 
itself may be actually poor in fat. On the other 
hand, the percentage of cream may be low, and 
the fat yield high. Many examples ney be 
taken from tests in the Government labora- 
tories, and in our own practice, but we 
select two; in one case the cream per- 
centage was 17'5, and the fat percentage only 
25; in another the cream percentage was 
4:5, and the fat percentage 4°57. Cream may 
be pasteurised for the improvement of its keep- 
ing properties, or it may be separated for the 
improvement of its quality. 

Separated or SKimmed MiIIK. Sep- 
arated or skimmed milk is that from which the 
cream has been removed, the first-named by the 
machine, the second by hand skimming. Its 
food value is practically maintained as equal 
to full milk by the addition of digestible fats or 
oils equivalent to the fat removed in the cream. 
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Skimmed milk of average quality is composed 


as follows: 

Per cent. 

Water ee ee ee ee e¢ e@ 90°10 

Fat oe ee ee ee ee ee °75 
Casein ee ee ee es es ee 3°50 
Sugar es e064 ee es es ee 4°85 

Ash * ee es ee e¢ ees °80 

100° 00 


The density of skimmed milk varies between 
1:033 and 1:037. If10 per cent of water be added 
the gravity is reduced to 1°032, so that it then 
compares on this basis very closely with full 
milk. Separated milk possesses a slightly higher 
specific gravity than whole milk, containing as 
we have seen less fat. If skilfully mixed with 
rich full milk of low specific gravity it may be 
passed for whole milk without detection. 

Butter Milk. Butter milk is the by-product 
left after churning cream or milk from which 
butter fat has been removed. The quantity of 
butter milk produced depends upon the quality 
of the cream. As cream is churned in a 
mature, ripe or acid condition, buttermilk 
is acid, but it is a sound and wholesome 
food. The composition of an average 
sample is as follows: 


Per cent. 
Water 91°2 
Fat °6 
Caacin Te 8 5 
Sugar.. ae oa, fee 40 
Ash ee ee ee ee 7 
100° 0 
Whey. Whey is the liquid by- 
In = skilful 


pone of cheese-making. 
ands it contains but little fat, although 


large cheesemakers remove this fat by 49 orn 


skimming for the manufacture of whey 
butter. Whey, however, is chiefly supplied 
to pigs, its value depending upon the large 
quantity of sugar which it contains. In an 
average sample the sugar present reaches 
5 per cent., the curdy matter 1 per cent., 
the fat -35 per cent., and the mineral matter 
“76 per cent. 

MilK Testing. The quality of milk is 
tested in various ways; by chemical analysis, 
by the Babcock and Gerber machines, the lacto- 
meter and the creamometer. There are other 
methods which require technical skill, but in 
practice the amateur now depends chiefly upon 
the two first named. By chemical analysis the 
water is driven from the milk by heat, the dry 
matter remaining being the milk solids, which 
are separately determined. The method of 
determination, however, belongs to the depart- 
ment df chemistry [see the course on CHEMISTRY, 
page 3820). The creamometer [19] is a glass 
tubular or cylindrical vessel 10 in. high by 
1} in. in diameter, although smaller and conse- 
quently less reliable tubes are sometimes used. 





METER 


There should be a scale on the upper portion of ' 
the vessel divided into 100 parts, commenci 
with zero near the top. milk is poure 
up to this mark when quite fresh, and kept for 
24 hours at an even temperature, as near 
60° F. as possible; in due course the cream 
will rise, and the percentage can be read upon 
the scale. This test, however, as we have 
already shown, is not of a thoroughly reliable 
character. 

The Lactometer. The  lactometer 
should always be used in conjunction with the 
creamometer where that vessel is employed. 
This instrument is usually adjusted for use at 
60° F. If gently introduced into milk at this 
temperature the specific gravity will be shown. 
Thus, if the scale on the stem be level with 
the surface of the milk at the figure 30, the 
specific gravity is 1030; but if the temperature 
be higher or lower, the specific gravity indicated 
will be higher or lower ; the indication, however, 
will not be correct, and therefore a correc- 
tion scale is necessary, in order that the 
exact gravity may be ascertained by refer- 
ring to it. The best lactometers are 
fragile, the stem not exceeding } in. in 
diameter, and the bulb 1} in. by 3 in. 
in length. The most perfect lactometer is 
that invented by Quevenne. 

The Babcock and Gerber 
Machines. The instruments invented 
by Babcock and Gerber are intended to 
determine the quality of milk by the 
extraction of its fat. The Babcock 
mechine is a disc which revolves 
at great rapidity. Carefully measured 
quantities of milk are passed from a 
pipette into small bottles, the necks of 
which are graduated. These bottles are sub- 
mitted to centrifugal force, when, by the aid 
of sulphuric acid, the casein of the milk boing hold 
in solution, the fat is driven into the neck of 
the bottle, and its percentage there read off. 
These mechines are now generelly used by 
advanced dairymen, and are of great value 
to the milk industry. The method of making 
the test, if the instructions sent with each 
mechine be followed, is easily mastered. A 
number of samples of milk can be tested at one 
and the same time. Cream, buttermilk, skimraed 
milk, and whey may be tested by the same 
method. In some instances, especially in 
fectories, samples of milk are daily kept and 
mixed with an appropriate antiseptic, the 
mixed or composite sample being tested weekly. 
As it is necessary, in order to avoid prosecu- 
tion, that all milk sold should contain 3 per cent. 
of fat, it is not only important to dairymen but 
to farmers that milk should be frequently 
tested. 
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The Half-lap Joint. This joint is also 
called the halved joint and lap joint, though 
the latter term avn equally to pieces which 
merely cross each other and are screwed or 
bol together [192]. Examples of half-lap 
joints are shown in 148 to 150. One-half the 
thickness of each piece is cut away, so that the 
timbers join in the same plane, the combined 
thickness at the lapping joint being the same 
as that of each separate timber. This joint is 
used chiefly for uniting narrow pieces either 
when they cross, or meet each other at right 
or other angles, or for joining them end 
to end. Jt is neater and stronger than a joint 
which is merely lapped, like 192, but it is neither 
neat enough nor strong enough for all purposes. 
It would never do, for instance, to make a half- 
lap joint in the middle of a beam or post, thereby 
diminishing its strength by one half; but, 
where only the ends of timbers are halved, 
their strength is not diminished much, and for 
many purposes there is no objection on the 
score of loss of strength to halving intermediate 

arts. 

These joints are marked with square and 
gauge, sawn nearly to the lines, and finished 
exactly to the lines with rebate plane and 
chisel, the rebate plane being used because 
its iron cuts right out to the sides of the plane, 
and so can remove shavings up to tho shoulder 
of the halving. 

Modifications of Plain Half lap. 
These consist in cutting one or both sides 
in the form of a dovetail, or V-shaped [147 
to 150] bevelling, or dovetailing the fuce 
[140], mitring a corner [189], or making 
notches, tusks, or other variations calculated 
to enable the joint to withstand better the 
particular stresses of the structure. Strictl 
speaking, a half-lap joint is one in which bot 
timbers are of the same thickness, and exactly 
half of each is cut away to bring their faces 
flush at the joint. There are many cases, 
however, where, though the lap is of the same 
character, it is not halved. Sometimes it is 
found best to cut less than half from either or 
both timbers, or only one may be cut for some 

rtion of its thickness and the other left whole. 

n, also, the thickness of the two timbers 
is dissimilar, and they nay or may not have 
to be made flush with each other on one face. 
Halved joints are usually screwed together. 
In rough work they might be nailed, and in 
large work bolted. 

Tenoned, or Mortise & Tenon Joint. 
This is the joint most commonly employed 
in framed work. It can in much 
the same circumstances as the half-lap, but 


being both stronger and neater than the latter 
it is generally preferred, except in cases where 
the extra work involved in making it is ob- 
jectionable, or where the members could not 
be ee together without cutting chase mortises 
—that is, mortises which permit the tenon to 
be slipped in sideways [167]. 

In the mortise and tenon joint the tenon is 
the projecting tongue, and the mortise the 
slot which receives it. Examples of these 
joints are shown in 151, 162, 154, 156, 
and others. There are two main varieties: 
those in which the mortise is cut entirely 
through the member, the tenon on the other 
member coming through flush with the outside, 
so that its end is always visible (151, 152, 154 
and 156]; and the stub or stump tenon which 
doves not go through, but fits into a correspond- 
ingly short mortise [155 and 188], and con- 
sequently does not show anywhere on _ the 
outer faces of the work when the members 
are put together. Both of these types are 
populér, circumstances deciding which is the 
more suitable. 

Fixing Tenoned Joints. Tenonced joints 
are held together by being glued and wedged, 
or by driving wood pins or pegs through from 
one side, thus holding the parta together. Screws 
or Nails are sometimes used instead of wood pins ; 
and in heavy work, bolts. Gluing and eeduitig 
is generally more suitable for light and neat work. 
When pins are used, drawboring is practised to 
help to keep the parts together. In large joints 
held in this way, glue is not always used. 

When a through mortise and tenon joint is 
to be wedged, the mortise is increased in width 
at the outer face to allow for the thickness of 
the wedges {151 and 152]. This, provided the 
glue holds the wedges to the tenon, really makes 
a dovetailed joint which cannot be pulled apart. 
Generally, two wedges are used, one on each side 
of the tenon, as shown in 151; but sometimes 
wedges are driven into the tenon itself, splitting 
and spreading it, saw cuts, or a nick with a chisel 
being first made to start the wedges into. Fig. 
154 shows what is considered the most substantial 
method of wedging, but it is not always employed, 
because of the trouble of making saw cuts the 
entire length of the tenon, as shown. Wedges 
inserted at an angle in this way never come out. 
Stub tenons also are often wedged, but in their 
case the wedges cannot be driven from the outside 
after the tenon is in place, and so their thin ends 
have to be inserted in the tenon, and then the 
latter must be forced into the mortise, the wedges 
thus becoming driven home by the pressure of 
their heads against the bottom of the mortise. 
This is called fox wedging or foatatl wedging. 
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When stub tenoned members are of minor 
character, coming between others, fox wedging 
is not necessary. In light work glue alone is 
relied on, and in heavy work the parts are held 
together by exterior attachments independently 
of the stub tenon joints. 

In putting a tenoned frame together, cramps 
are used to pull the joints up tightly, and these 
are left on for a time until the glue has set. 

Drawhboring. Drawboring with pins is 
done on the same principle as that in which a 
eottar draws two parts together. That is, the 
tapering side of the cottar acts as a wedge against 
the side of the hole in one of the parts, while it 
exerts pressure in the opposite direction in the 
other part. This is done by making the holes 
slightly out of centre with each other, so that 
when the pin is driven through, it exercises an 
inward pull on the tenon. e same principle 
is often put into practice in the insertion of 
screws into half-lap joints, and into any places 
where the piece of wood which is being screwed 
down has at the same time to fit closely against 
a shoulder or other part, which makes a side 
pull as well as a downward one desirable when 
screwing it down. The screw holes are bored 
through the first piece in the ordinary way, as 
described in our remarks about the insertion 
of screws, but in continuing the smaller hole on 
into the second piece the gimlet or bradawl is 
kept out of the centre relatively to the large hole, 
toward the side to which it is desired the screw 
shall pull the upper piece of wood. Whten the 
screw is put in it tends to bring the holes con- 
centric with each other, and so exercises a side 
pull on the wood. The pins for drawboring 
tenoned joints are generally made by paring 
them with a chisel against the bench hook or 
stop, first making them square with a slight 
amount of taper in their length, and then re- 
moving the corners to make them octagonal. 

Marking Out and Cutting Mortises 
and Tenonsa. Tenoned joints are so com- 
monly employed, and they have such special 
features of their own, that there are several 
tools which are used almost exclusively in making 
them. One of these is the mortise gauge. An 
ordinary gauge might be used for marking out 
mortises and tenons, but it would involve two 
operations, where one with the mortise gauge 
suffices. The latter has two nickers instead of 
one, and marks two lines representing the width 
of the mortise. This width, of course, can be 
adjusted to whatever is required, and the block 
of the gauge can be set in the same way as that of 
a single marking gauge to fix the distance of the 
lines from the edge ‘of the wood. Another im- 
portant tool, little used except for mortises, is 
the mortise chisel. It is an exceptionally stout 
chisel, suitable for withstanding the heavy 
malleting and prising necessary in cutting and 
clearing out mortise slots. 

The mortise gauge and an ordinary square are 
the tools used in marking out mortises and tenons. 
It is essential that the wood should first be 
planed square and true before either square or 
gauge can be used with accuracy. In marking 
out tenons, the entire length of the wood from 
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shoulder to shoulder is usually the important 
thing to look after, and generally, if the tenon 
es through, some allowance is left on its end 
or trimming off after the work is put together 
[152]. The extreme ends of the wood, therefore, 
do not need squaring, but care must be taken 
to scribe the shoulder lines square. The lines 
for these are squared completely round the wood. 
Then the lines of the tenon oe g ed with the 
mortise gauge, which is also without 
alteration for the mortise lines. It is generally 
set direct from the chisel that is to be used 
to cut the mortise slot [158]. If the mortise 
is to go right through, it is marked out on both 
sides of the wood, and allowance made on the 
outer side for the wedges [151 and 152]. If it 
be for a stub tenon, it is marked on the one 
face, and greater care taken to cut it square 
from that face, undercutting the correct amount 
for wedges if wedges are to be inserted. When 
mortises are cut near the ends of wood, as at the 
tops and bottoms of doors, a little extra length 
is left on the ends for sawing off after the work 
is together [152]. This gives more strength for 
wedging, and is simpler and better than squaring 
the pieces exactly to length before putting 
together. The tenon is sawn nearly to the lines, 
and finished with a chisel, or in large tenons it 
may be sawn practically to a fit, and eased, if 
necessary, with a rebate plane. To facilitate 
insertion, the sharp corners at the ends of tenons 
are chamfered off with a chisel, but in the case 
of through tenons, the chamfered part must be 
trimmed off after. Usually, most of the mortise 
slot is first cleared out by boring a series of holes 
with a centre-bit, and then it is cut to the lines 
with a mortise chisel, which, except in cutting 
small amounts at the finish, is driven by a mallet 
[160]. The mortise chisel used should always be 
of the same width as the mortise, and if care be 
taken to hold it upright, this ensures the sides of 
the mortise being parallel, and of the correct 
width. Mortises for stub tenons should be cut 
slightly deeper than the length of the tenon, to 
ensure a close bearing at the shoulder. Wedges 
are sawn of the same thickness as their tenons, 
and glued and driven in, either at the sides [152] 
or into the saw cuts [154 and 155]. Stub or 
stump tenons [155] are used when the tenoned 
member has merely to withstand side thrust, 
and is not required to have a strong tensile hold 
on the mortised member. It has the further 
advantage of weakening the mortised member 
less than would be the case if a through mortise 
were cut; and also, being concealed, it is some- 
times preferred for the sake of appearance. In 
some cases also, the width of the mortised mem- 
ber is so great that there would be no gain in 
strength if a tenon was carried through. 
Proportions of Tenons. In ordinary 
framed work, mortises and tenons are usually 
made one-third the thickness of the stuff, and 
unless the width of the tenoned member is 
more than about six times the thickness of the 
tenon, the latter is made the full width of the 
former ; except, of course, in mortises cut at 
ends, where the width must be reduced to leave 
material beyond [152 and 156]. If the tenoned 
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piece exceeds this proportion of width, the tenon 
13 reduced, generally with a haunch, of which we 
shall speak immediately ; or if the piece be ve 
wide, more than one tenon is cut on its en 
Fig. 161 shows what are called a patr of 
tenons cut on a wide piece. This is usuall 
done in the middle and bottom rails of ordi- 
ag house doors. If a single tenon the full 
width were made, it would necessitate a mortise 
so large that the mortised member would be 
weakened very much, and there would be a risk 
of so wide a tenon becoming loose through 
thrinkage. In thick stuff, tenons are sometimes 
divided in the direction of the thickness, forming 
two thin tenons side by side, with a space 
between instead of one thicker one. These are 
called double tenons [188]. Mortises and tenons 
must always be arranged so that the long way of 
the mortise runs with the grain of the wood. 
Tenons are always formed on end grain, and 
mortises in side grain. 

Haunching. When tenons do not extend 
the entire width of the member they are cut on, 
a short haunch, stump, or tusk [161 and 162] 
is often formed extending the full width of the 
member, and of the same thickness as the tenon. 
A shallow mortise is cut to receive the haunch, 
and when in place the tenoned member is thus 
prevented from warping as effectually as if the 
tenon itself was of full width. In fact, the haunch 
makes it equivalent to a tongued and grooved 
joint, and the tenon may be considered as an 
extension of the tongue. Haunched tenons are 
always employed in panelled doors, the haunches 
fitting in the same grooves as the panels, and 
extending the same distance in as the latter. 

Tusk Tenon. A tenoned joint somewhat 
similar in principle is shown in 164. It is called 
a tusk tenon, and in this case the prevention of 
the member from warping is, of course, not the 
idea, because it is not of a section that could 
warp. It is the joint generally used in fitting 
the ends of floor joists into framing where 
openings have to be left for fireplaces, stairs, etc., 
but it is suitable for any cases where the end of 
one horizontal timber has to be tenoned into 
another. The tenon which goes through and is 
kept in place by a pin or wedge on the far side is 
of comparatively small section in order to avoid 
weakening the timber in which the mortise is 
cut, but, to enable the joist to support as hea 
a weight as possible, a short tusk is made whic 
relieves the slender tenon from a great deal of 
shearing strers and yet weakens the mortised 
timber very little. Sometimes, when the latter 
is very wide, the tenon does not go through, but 
the pin which holds it in place is driven down 
through a hole bored from the top. The pro- 
portions adopted for a tusk tenon are shown to 
scale in 164, and it is always intended of course 
to be used in the position shown, with the square 
shoulder downward and the bevelled part at the 
top. The haunches of tenons like 152 and 162 
are sometimes ip sap similarly so that they may 
not show when the parts are together. 

Dovetail Mortise and Tenon. This 
is shown in 165 and 166. It is used chiefly for 
temporary work. As the illustration shows, it 
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is inserted loosely, and tightened by wedges. Fig. 
165 shows the end of a single rail Puserted in this 
way, and 166 shows two rails meeting in a post. 
It can also, if necessary, be used for stub tenons. 

Open Mortise and Tenon, or Slot 
Mortise. This [153] is a slight improvement 
on a halved joint, and it permits of a wider, and 
consequently stronger, tenon than could be 
employed if it were enclosed in the ordin 
way. Such a joint can be held together only by 
pins or screws, in the same way as a halved joint. 

Barefaced Mortise and Tenon. This 
[157] is employed when the members are of 
unequal thickness, but are flush with each other 
on one face. The tenon is then shouldered 
back from the flush face only, and on the other 
face of the thin member the tenon is continuous 
with the surface. 

Chase Mortise. The chase mortise [167] 
is employed in cases where a tenoned member 
has to be inserted after a frame has been put 
together, and as it is impossible to insert the 
tenoned ends endwise in the usual way, one of 
the mortises is cut away at the side for some 
distance, and the tenoned member inserted in 
the frame diagonally, with one tenon at the 
entrance of the ordinary mortise and the other 
at the end of the chase mortise. It can then be 
pushed sideways along the chase mortise until 
both tenons are in their proper place. The chase 
mortise is then generally filled up by inserting 
@ strip of wood. 

Oblique Mortise and Tenon. Examples 
of this are shown in 169 and 170. Other slight 
modifications of their form are possible, and 
sometimes employed. In 169 the end of the 
member itself is recessed a little way into the 
mortised timber, the tenon extending further 
still. In 170 the tenon only enters the surface 
of the mortised member. In another form fre- 
quently employed, the tenon is shouldered or 
notched back slightly from the front, and some- 
times also, instead of tapering to nothing at the 
back, some amount of depth is given to it there. 
Occasionally the tenon is notched, giving it the 
appearance of two saw teeth, one behind the 
other. Sometimes a joint the exact reverse 
of a mortise and tenon, known as a bridle joint 
{198}, is made. It has no particular advantage 
of its own, except that it is then possible to see 
from the outside whether it is in close contact 
everywhere. Figs. 168 and 171 show two 
simpler forms of joint which might be used 
under the same circumstances. In 168 a block is 
nailed on the surface of one member to tafe the 
thrustofthedther. In 171 the member is notched 
out to provide a shoulder for taking the thrust. 

Miscellaneous Joints. There are a num- 
ber of joints commonly employed, some of 
which are closely allied to the tenoned joint 
or to the simpler forms already described. 
Figs. 172 to 177 show methods of connecting 
timbers which meet, or cross at right angles. 
Fig. 172 is a rebated joint which is em- 
ployed to resist pressure inwards on either 
member; 178 is a dovetailed joint to resist 
tension ; 174 is a similar joint, except that 
its end is housed to enable it to withstand 
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downward pressure; 175 is a notched joint to 
prevent the notched timber from moving end- 
wise ; and 176 shows a double notched joint to 
prevent either timber from moving endwise. If 
the timbers were sunk flush with each other, it 
would be a halved joint. Fig. 177 is a cogged 
joint used for preventing end movement between 
timbers which cross. The lower one is thus not 
weakened so much as it would be if notched 
entirely through, while another advantage is 
that, even if the end of the upper one be flush 
with the outer face of the lower, there is still some 
amount of end grain to prevent the upper from 
moving back. Fig. 178 illustrates a separate 
dovetailed key uniting timbers end to end; 
179 is an end joint in which the key is formed on 
the end of one of the timbers ; 180 to 184 show 
joints adopted for connecting verticals with hori- 
zontals, the horizontals being either above or 
below ; 180 is a simple butt joint, skew-nailed, or 
in large joints, spiked, not possessing, of course, 
very much strength except to resist direct down- 
ward pressure; and 181 has its end let into a 
shallow recess or rebate, and would be called a 
housed joint, though, strictly speaking, a housed 
joint is one in which the end of the member is 
enclosed on all sides. In 182 the vertical is held 
in practically the same way, the only difference 
being that, instead of a recess being cut in the 
horizontal, two blocks or steps are nailed on each 
side to enclose the end of the vertical. Fig. 183 
is a simple stub tenon, and 184a joggle. Another 
good method for a wide post would be double 
tenons as in 136. 

Some More Complicated Joints. 
In addition to these, there are other more 
complicated joints, mae without any corre- 
sponding advantage, which might be employed. 
Higs. 185 to 188 are oblique halved joints, 
which otherwise do not differ from forms already 
described. Fig. 189 is a corner joint which is 
simply a half-lap mitred on ont face and square 
on the other, the mitre being made for neat 
appearance, and at considerable sacrifice of 
strength. Fig. 180 is an open mortise and tenon 
with mitred shoulders ; not so strong as square 
shoulders, but even with its double mitre rather 
stronger than 189; 191 is a dovetail, a very 
substantial joint, superior to a mortise and tenon 
for resisting tension. In 191 the dovetail is 
formed to resist outward pressure on the vertical 
member, but it could, if necessary, be tapered 
the other way to prevent the horizontal from 
being forced upwards. Fig. 192 is a plain lap 
joint, which would have to be screwed or bol 
together ; 197 shows a tapered and V-edged 
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key fitted in a corresponding groove across a 
wide piece of wood to strengthen and prevent 
the latter from curving or warping. It may be 
planed flush with the surface, or allowed to stand 
a little above it, as in the illustration, the 
advantage of the latter method being that it is 
thicker, and therefore less likely to get bent 
iteelf by the large piece. Qn the other hand, the 
flush surfaces are neater, and sometimes essential. 
When there is no objection to a thick key stand- 
ing above the surface, it is often a question 
whether a simple batten screwed on instead 
would be preferable. 

Heavy Timber Jainta. Figs. 194 to 106 
show some methods of connecting beams with 
posts in heavy timbering ; 194 very much re- 
sembles the tusk tenon in 164, but it is stronger 
than the latter, because the entire depth of the 
horizontal is housed, which in 164 is impossible. 
The entire depth and width of the horizontal is 
supported in the housing, and therefore could 
not shear off, except under a weight that the 
beam itself was too small in section to sustain. 
Housing is often practised in jomting horizontal 
members when they happen to be of smaller 
section than the members that support them. 
Fig. 195 is another example which, although it 
is open at the sides, has its entire section sup- 
ported. In this case, a shallow notch is cut in 
the vertical, and the support increased by 
bolting a cleat beneath. The notch may be either 
parallel] in the form of a rebate, or tapering to 
nothing at the top, the latter method not weak- 
ening the post quite so much, but the difference 
is hardly worth considering. 

In 196 the end of the beam is tenoned into 
the post and supported also by a cleat. A 
stub tenon formed on the lower half of the end 
is used so that the beam is supported from the 
bottom. The cleat mn both cases is shown bolted 
to the surface, but 1t might be made more secure 
by notching it in the same way as the end of the 
beam in 195. Fig. 198 is called a forked tenon, 
but it is practically the same thing as the open 
mortise and tenon [153 and 190], except that 
it occurs at an intermediate position instead 
of at an end. It is sometimes used in framed 
work when the forked end has to support the 
other in a horizontal position, as in the illustra- 
tion. It holds it more securely than if it was 
tenoned into it in the ordinary way; but, on the 
other hand, the horizontal is very much weakened 
by cutting so much material from its work 
The edges of this joint are generally slightly 
veed or undercut in order to keep the main 
surfaces of the joint in close contact. 
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PERMUTATIONS 


161. The number of arrangements of r things 
which can be formed from n things is called the 
number of permutations of n things + at a time. 
This number is denoted by "P,. 

For example, if we have three letters, a, 6, ¢, 
the number of permutations which can be 
formed by choosing the letters two at a time is 
six. The permutations are 

ab, ac, bc, ba, ca, cb. 

162. To Find "PP... Since there are n differ- 
ent things, one thing can be chosen in » ways. 
Having chosen one thing, there will be (n—1) 
things left, so that a second can be chosen in 
(n—1) ways. Now, when a second thing is 
chosen, it can be placed with any one of the n 
ways of chuosing the first; hence, from each 
way of choosing the second thing we get 
ways of choosing two things. Therefore, since 
there are (n—1) ways of choosing the second, 
we get n (».—1) ways of choosing two things. 

Again, when two things have been choren in 
any one of these ways, a third thing can be 
chosen in (n—2) ways; thus, since two things 
can be chosen in n (n—1) ways, and a third in 
(n—2) ways, the number of ways of choosing 
three things is n (n—1) (n —2). 

Proceeding in this manner, we see that the 
number of ways of choosing r things is 

nm (n—1) (n—2)... to 7 factors. 

Now the 1th factor is evidently 1—(1—1), or 
n-r+1. Hence we get : 
-*P.= n (n—1) (n—-2)...(n—r+ 1). 

168. If we put r= n in the result of Art:cle 
162, we obtain the number of ways of arranging 
n different things amongst themselver. 
Thus *"P,=n (n—1) (n—2)...3.2.1. "C, 

This expression, consisting of the product 
of tho first n natural numbers, is denoted by the 
symbol |n or ” ! and is called -‘‘ factorial n.” 

164. To find the number of permutations of n 
things taken all together, when the things are not 
all different. 

Suppose the n things are letters, p of them 
being a’s, g of them b’s, r of them c’s, and the 
rest all different. Let 2 be the required number 
of permutations. Now each permutation con- 
tains the whole of the n letters, so that cach 
contains p letter a’s. Suppose that instead of 
these a’s we put in yp letters which are different 
from one another and from all the rest. Then, 
by arranging these p letters we get |p permuta- 
tions [ Art. 163] instead of a single permutation. 
Treating each of the z permutations in the same 
way, we should obtain z x |p permutations. 


Again, each of these x x|p permutations con- 
tains g letter b's, and, exactly as before, if 
we change these q letters into letters which are 
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different from one another and from all the 

rest, we should obtain '¢ permutations from each 

of the xx|p permutations, Hence the number 
of permutations will now be 2 x |p x |q. 

Similarly, by changing the r Jetter c's, we get 
xx |p x |q x |r permutations. 

But the » letters are now all different, and, 


therefore, the number of ways of arranging 
them is {fn [Art. 163). 
“ex |pxigx|r= [tp 
n 
i? lee 
COMBINATIONS 
165. The number of groups of + things which 
can be chosen from things, without regard to 
the arrangement of the + things in each group, 
is called the number of combinations of n things 
ratatime. This numbor is denoted by "C,. 
166. To Find "C,. Each combination con- 
tains r different things, and, by Art. 168, theso 
r things can be arranged in |r ways. Heonco, 
each combination gives rise to |r permutations, 
so that 


and t= 


mal 
—— 


jr x “(‘ = *P,, 


Therefore, 
nC = Pp, m(n—1) (n-2)... (n=—7 4 1) 
SS eee en SSemmoreren es) <s easecers 
a i 
By multiplying numerator and denominator 
of the expression on the right by |n—17 we get 
another form of the result, viz., 
_ n(n—1) (n—2)...(n—-1+]) ju—7 


ee. 


—- 


|r 
r jaar ” Jue 

167. The number of combinations of n things 
taken x at a time is equal to the number of com- 
binations of n things taken (n—1) at a time. 

For, in taking r things away from n, we leave 
(n—17) things behind. Hence the number of 
ways of choosing (n—7) things is the same as 
the number of ways of choosing 7 things; that 
is 8, = "On —y 

EXAMPLES 35 

1. How many different numbers can be formed 
by using one or more of the numbers J, 2, 3, 47 

2. How many permutations can be formed by 
taking all the letters of the word Philadelphia ? 

8. In how many ways can six people sit at a 
round table ? 

4. In how many ways can three boys and two 
girls be chosen from six boys and three girls ? 

5. If "OC, = "Cy find ™C4. 

6. Of the permutations formed by uaing all 
the letters of the word successes, how many have 
sat each end ? 
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THE BINOMIAL THEOREM 170. In the expansion of (a +5)" the coefficient 
168. In Article 27 it was shown.that the pro- of the (r+1)th term from the beginning is *C,. 
duct of two compound expressions is obtained The coefficient of the (r+ 1)th from the end, 


by taking the sum of the products formed by ‘¢., the {(n+ 1)-r} or (n—r+1)th from the 
multiplying every term of the one expression beginning, 1s *C,_,. 
by every term of the other. In the same way ut "C, = "Cy, [Art. 167], hence, in the 
we obtain the continued product of any number expansion of (a+ b)" the coefficients of any two 
of expressions by taking the sum of all the pro- terms equidistant from the beginning and end are 
ducts formed by multiplying together any term the same. a 
of the first, any term of the second, etc. 171. The most useful form of the Binomial 
Suppose we have n factors, each of which is Theorem is obtained from the result of Article 
(a + by and that ue wish i fem their product. 168 by putting a = 1 and : = . This gives 
f we take a letter from each factor and multiply oe n(n—1) . . 
these letters together we obtain a term of the (+ ets i+ ne + 1.2. ee Tenet Ms 
Sabre By doing on a piled | eae way Example. 
we obtain every term of the product. 3a\5 
We can take the letter a fol each factor, (2x + 3a)> = (2a)? (1 Fr =) 
and this can only be done in one way. Hence 


a" is a term of the product. Again, b can be = 322° {1+ 5. 28 5. 4 : Da? etc.} 
taken from one factor and a from the remaining 2e 1.2 424 

(n—1) factors; the number of ways in which = 325 +- 240a4a + etc. 

one } can be chosen is the number of ways of 172. The formula of Article 171 has only been 


choosing one thing out of » things, or"C,. Thus proved for the case where 7 is a positive integer, 
the product a"~'5 can be formed in “C, ways, so but the result is true for all values of 1, pro- 
that "C,a""1b is a term of the continued pro- vided a is less than 1. We shall not give a 
duct. Similarly, 6 can be taken from 2 factors proof of this, but an example will show the 
and a from the remaining (n—2); the number application of the formula to cases in which 2 
of ways of choosing two b’s is "C,, so that is not a positive integer. 


nC,a"- 2h? is a term of the continued product. Notice that, if m is not a positive integer, no 
oceeding in this way, we obtain one of the factors n, n-1, n—2, ete., can be 
(a+ b)" = a" + *C,a"-1h + "Cia*-*b? +... + "C,_,ab"-1 + C0, b"; zero, so that the expansion is 
or, using the values of *C,, "C,, etc. [Art. 166.], endless. 
(a+ b)"= a"+ na®lb+ DAV= TD) gm + mabe) + bY, example: ne peads (lt nd 
1.2 The formula gives 
This formula 1 1 1 1 1 
sn ee acaa( tyeecg Med), (BEd) 
tal Theorem, (1 +a)$=1+(-2)2+ 2 4 2 t34- Sas 
er 1.2.3 
and the ex- 1 1.3 1.3.5 
ression on = l]-—--7+ — ge "+... Ans. 
the right is 2 2.4 2.4.6 eee 
called the expansion of (a+ b)". Anewers to Algebra 
Bxample. Expand (2z—y)!. EXAMPLES 84 
By putting a= 27,b=-—y, n= 4, in the above 1. 86, 8. 512. 
formula, we obtain 2. 5, 8, 11, 14. 
(2z—y)tm (Ba) + 4 (2a)? (—y) + F5 (2x)*(—y)F+4 (Re) (-yy+(— yy * CE) 380, Gi) 25, 
= 16x — 32a3y + 242°y? —Sry3 + y* Ans. (iii.) 478, (iv.) ee eas 
ve General bic In ee of EXAMPLES 85 
(a+ b)* a term of the continued product is 
formed by taking b from r of the factors and a 1, *P,+*P,+'Ps+"Py=44+12 +24 +24 = 64, 
from the remaining (n—-7) factors. Now 7 b’s j12 
can be chosen from 7 in "C, ways, so that 2. (jn) 14968800. 
nC,a"~"b" is a term of the expansion. 2) 


By giving a suitable value to 7 we obtain any 8. [5 = 120. ‘ 
term in the expansion; *C,a"-"b" is therefore te ate 
called aan ne vee a 4. °C, x*C, = 20x3= 60. 

Note that in Art. 168 the index of 6 in the 5. "C,= "C,= "C.. [Art. 1671. Theref 
second term is 1, in the third term is 2,andso ,—g-- ia Or te ae mt, des 55. a 
on ; hence the term containing 6” is the (7+ 1)th 


term, not the rth. 6. Taking away two 3’s first, we can arrange 
E le. Find the 7th —1)4, sai : 
Vth term = 1G, (Gast nie (3a —1) the remaining letters in =—.--, or 630 ways. 
— i1.10.9.8.7  o The letters taken away can be put one at each 
2.3.4.5 end of any arrangement. Hence the required 
= 112266a° Ans. number is 630. 
Algebra concluded 
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SUGAR beet is grown in all the countries of 
outa from Sweden in the north to Spain, 
Italy, and Greece in the south. It is cultivated 
in Canada and the United States, Austrelis, 
South Africa, Persia, and Siberia. The plant 
(Beta vulgaris) is indigenous to the South of 
Europe. 
Propagation. Beet is propagated from 
The originel beet hes been improved by 
s, careful selection of the best sugar bearers, and 
judicious end scientific fertilising heve evolved 
beets which contain as much es 18 per cent. 
of suger. Vilmorin, of Paris, wes the pioneer 
in this work of selection, end his successors, 
Vilmorin, Andrieux & Co., are still recognised 
a3 the premier house for beet seed. In Englend 
the houses of Sutton and Carter have paid 
considerable attention to the production of 1 
good sugar-bearing beet, end both sell a good 
seed suitable for growing in England. 

Selection. The method of selection is as 
follows: The beetroots which show least root 
ebove ground are pulled and stored, and in 
the spring those richest in sugar sre planted 
out for seed. Richness in suger is found by 
putting the roots into a solution of salt or 
suger of the specific gravity of 1:065 to 1-070. 
Roots rich in suger sink, end these ere selected 
for plenting, those floating being rejected. This 
test is e rough one, but answers well, 2 more 
scientific method being to test smell quantities 
of the juice by the polariscope. The beets 
selected are placed in the ground and long seed 
stalks spring from them. The stalks are sup- 
ported by sticks, and when the seods ere neerly 
ripe the stalks are cut and the ripening finished 
by henging in sheds in a current of air. The 
yield of seed is about 15 cwt. per acre. Beet 
giving @ large sugar yield costs no more to 
grow then beet with e smell yield, so that the 
selection of seed is an importent metter to the 
grower. Illustrations are given of the Vilmorin 
Improved, the White Silesian, from which the 
former is descended and sometimes regarded as 
e, distinct species, and the Imperiel (9). Other 
well-known kinds are the Klein-Wanzleben, end 
Heine’s Vilmorin [sce Plate facing page 3649). 

Characteristica of Good Beet. The 
shape and manner of growing of the beet aro 
important. The most desired characteristics are 
thus summed up by Lock : 

1. Beets should have a regular pear-shaped 
form and smooth skin. 

2. They should not heve a tendency to throw 
out forks or fingers and toes. 

3. The flesh should be firm and white, the 
structure uniform, end the flavou: “clean.” 
Thin-skinned beets are ee as the thick- 
skinned varieties are frequently spongy and 
always more watery. 
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4, The beets should weigh 1} lb. to 24 Ib. 
each, as neither very lerge nor very small roots 
are profitable to the manufacturer. 

5. Good beets have no tendency to become 


necky, and their tops are elways smaller than 
those of inferior beets. The large-leaved are 
preferable to the small-leaved varieties. 

6. Good beets are donser than water. The 
quantity of sugar is roughly estimated as stated 
above. If the beets sink in a liquid of 1:07 sp. gr. 
the percentage of sugar is about 14. 

7. The roots should grow entirely in the 
ground in properly prepared soil. 

Range o emperature. Authorities 
are agreed that temperature has to be con- 
sidered in beet cultivation rather than the 
rainfall. Sugar formation is favourably in- 
fluenced by weather in the autumn. 

mean summer temperature of 70° F. 
for 90 days is sufficient to mature beetroot ; 
if the temperature be much ebove this the 
amount of sugar is diminished. The crop 
must be matured and sefely harvested before 
the frosts set in. 

Soil. ‘Any good soil that will grow wheat 
and hes an arable depth of 12 in. to 15 in. is 
well suited for beet culture; it must be well 
drained. Where e lerge proportion of chalk 
is present in the soil the juice yield of the 
beet is smell but of good quelity. In the 
United States, Dr. H. C. Meyers devoted much 
time to the study of the growth of beet in 
alkeline soil such as exists in Utah. The 
locality in which the experiments were meade 
wes et Hooper, slightly sbove the mud flats 
of Greet Salt Lake. r. Meyers found thet 
moderate irriga- 
tion tends to 
carry the salts 
in the soi] down 
to below. the 
plent roots, and 
thet by deep 
tillage, main- 
teined through- 
out the season, 
evaporation and 
rising of the 





9. SUGAR BEETS 
alkali mey be largely prevented. Alkali soils 


have a great advantage over other soils in case 
of drought, in that the hygroscopic selta present 
teke up and retein moisture which is available 
for plants. The tendency of the beet is to purify 
the soil by taking up alkali constituents ruinous 
to common crops. The importance of these 
observations is that arid regions unsuitable for 
any other crop may be utilised for beet. 
owing. In Great Britain April is the time 
for sowing beet seed. The froste should be 
over, because if the sowing be done too early 
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and the plants become frost-bitten it will be 
necessary to plough ope first sowing and sow 
afresh, Some sow the seeds in continuous 
lines along ridges which have been thrown up 
from 14 in. to 18 in. apart. The ground shoul 
have been stirred up to a depth of 12 in. b 
the cultivator or subsoil plough, and if manur 
the manure is ploughed in 5 in. deep. A better 
way than the continuous line is to dibble the 
seeds, three in each hole. To keep the beets 
down to the limits of size—} lb. to 24 lb.— 
they are planted with about 8 in. between the 
roote, bearing in mind that some*of the new 
kinds of beet with strong foliage require the 
rows to be up to 20 in. apart instead of the 
18 in. limit just referred to. The seedlings are 
allowed to grow until 3 in. to 4 in. high, and 
where more than one plant has come up from 
each hole, the weakest are pulled up, and any 
misses filled up with these plants. The quantity 
of seed required, if sown in continuous line, is 
10 Ib. to 15 Ib. an acre ; if dibbled in, 5 Ib. to 7 Ib. 

Hoeing. As soon as the plants appear 
above the ground the soil should be kept loose 
and free from weeds by hand hoeing. After 
thinning and until the plants have grown too 
large, the horse hoe may be used two or three 
times, its work being finished off each time 
with a hand hoe. The soil should be earthed 
up so as to cover the roots. If any plants 
begin to send up stalks, the stalks should be at 
once broken off. 

Harvesting. The crop must’ not be 
harvested until it is ripe, but at the same timo 
it should not be left to be injured by the frost. 
In from three to seven months the leaves begin 
to droop and turn yellow, leaving exposed on 
the top of the root a crown of young green 
sprouts. As soon as this takes place, the roots 
are ready to be pulled. If the autumn be cold 
and dry, the roots may be left without injury 
for a week or ten days later, but if the weather 
be mild and moist, new growth would be en- 
couraged, which is undesirable. The roots are 
pulled by hand labour, but more economically 
by pee harvesters, consisting of a fork on 
wheels, drawn by horse power. The roots are 
caught by the prongs of the fork, which pulls 
them out of the ground and drops them. Care 
is taken not to puncture or bruise the roots, as 
this mgans loss of sugar. The earth is shaken 
off the roots, the leaves and crown cut off, 
and the beets carted to the factory. If the 
roots are to be stored in silos, only the leaves are 
removed, and they are stored as soon as possible 
in well-ventilated underground trenches covered 
with soil, or in properly constructed silos [see 
AGRICULTURE, page 1970], the object in storing 
being protection from the consequences of over- 
heating, frost, and too rapid sprouting. 

Use of Manuresa. The use of manure 
depends on the nature of the soil. It is generally 
recommended not to manure the beet crop 
directly, but to heavily manure a preceding 
cereal crop, and let the residue of manure serve 
for the beet. With modern artificial manures, 
however, the amount of manure can be adjusted 
to actual requirements, making it advantageous 
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to manure the crop pag emcee of indirectly. 
Nitrogenous compounds have a tendency to 
extend the period of growth and delay the time 
of ripening. This tendency must be corrected by 
phosphates. The Victorian Department of Agri- 
culture recommend for light dressing 2 cwt. of 
sulphate of ammonia and ¢ cwt. of superphos- 
phate, and for heavy dressing 4 cwt. of sulphate 
of ammonia and 1% cwt. of superphosphate per 
acre. Where potash is needed, $ cwt. to 1} cwt. 
of kainite may be used. 

Sugar Factory Refuse as Manure. 
The cost is heaviest the first year, because subse- 
quently the refuse of the sugar factory is returned 
to the Jand, and goes a good way in keeping the 
soil manured. Stable manures must be used 
either on the preceding cereal crop, or worked 
into the soil in the autumn ploughing. Chili 
saltpetre or nitrate of soda can be used in place 
of sulphate of ammonia, and the calcium nitrate 
produced electrolytically in Norway is equally 
efficient. The United States Government have 
carried out a large number of experiments on 
the effect of manures on beet crops. The 
fertiliser was found to increase the yield of beets 
but not the percentage or the purity of sugar. 
The use of 500 lb. of fertiliser per acre decreased 
the cost of the beets 11d. per ton; the appli- 
cation of larger quantities did not produce any 
further decrease in the cost of beets, so that 500 Ib. 
is the most economical quantity to use. When 
20 tons of stable manure per acre were applied 
instead of artificial fertiliser, an increase of 
yield was found in every case as compared with 
unmanured plots, the average increase being 
8,720 lb. per acre. The percentage of sugar was 
increased by an average of 1:5. In growing beets 
at different distances apart in the rows, it was 
found that the nearer the beets were to each 
other the smaller was the yield per acre, and 
the size of the roots was also less. 

Diseases. Beet is sometimes attacked by 
grubs of the beet canon-beetle (Sulpha opaca), 
the beet or mangold fly (Anthomyia beta), and 
the silver moth (Plusia gamma). These are 
overcome by spraying the upper and under sides 
of the leaves with Paris green solution. A 
disease known as “jaundice” is prevalent in the 
northern parts of France, and generally makes 
its appearance during the first fortnight in July. 
When the plant is first attacked the leaves 
begin to droop and become mottled with white 
translucent spots. It has been found that this 
is due to bacteria, and as the sugar yield is 
reduced by a half in diseased roots, the refuse 
from the crop should be burnt before being 
returned to the land. When stored in silos, a 
slight loss of sugar takes place, and “ greying” 
of sugar has been traced to dry-rot which some- 
times sets in during storage. 

Yield of Beet. An acre of roots weighing 
2 lb. each, and growing 10 in. apart in rows 16 in. 
apart, would, if there were no misses, yield 
40} tons of dressed roots. The heaviest yield 
has been 65 tons, but 25 to 35 tons may be 
reckoned as the average. At 15s. a ton, this 
would yield from £18 15s. to £26 ‘5s. per acre, 
the estimated cost being about £8 per acre, 


leaving a direct profit of £10 to £18 acre. 
This question has dealt with by Mr. Sigmund 
Stein, who is a persistent advocate of beet- 

wing in England. His figures come out at 
15s. 5d., made up as follows 





Per acre. Per acre. 

£& 8. d. £& 8. d. 

Rent and taxes .. 1 0 0 Brought forward 3 1 0 

Cleaning and fork- Cultivating . .. 0 6 0 

ing weed stubble 0 1 0 Artificial manure.. 110 0 

Ten loads famny ard Seed... .. .. .. 0 6 8 

manure and curt- Sowing .. .. O 2 6 
me .. .. -» 1ll O Drilling, hoeing, 

Spreading manure 0 1 0 and thinning .. 011 0 

Ploughing 8 in. to Harvesting -. 010 0 

JOin.deep.. .. 0 8 0 Carting .. .. .. 1 8 8 

een £7165 5& 

Carried forward 8 1 0 cries 


Mr. Stein, reckoning on a minimum crop of 
15 tons per acre, obtained on the balance-sheet 
a profit of £7 4s. 7d., as follows : 


eee epg nn eee aD Narcan eadl ll ntgerenalilc odin ipenaapneintn-oad 











a 
emnneareeen 








Dr. | Cr. 
£ a. da. £ s. d, 
Cost per acre to 15 tons beet at 18s. 
cultivate .. .. 715 6 perton.. .. ..1810 0 
Extra carting tothe Value of 6 tons 
factory fe eee a OO leaves and heads 
Profit per acre . 74 7 from rooty.. .. 1 5 0 
3 tons spent slices 
atl0s... . .. 110 0 
Value of saturation 
lime (free from 
factory ) ». 09 56 0 
£16 10 O £16 10 O 
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Yield of Sugar. The mean sugar con- 
tent of 1,200 samples of beet analysed by 
Graftian, a Belgian chemist, in 1898, was 16°4 
per cent., the extremes being 20:2 and 12°5 per 
cent. About half the sugar is obtained as first 
sugars, the rest being divided between second 
sugars, third sugars, molasses, and losses. The 
average percentage of water in the beetroot is 
77°69, and in the juice extracted 81°5], tho 
average specific gravity of the juice being 1-077. 

In 1879, a Select Committee of the House of 
Commons was appointed to inquire into the 
effect produced upon the home and colonial 
sugar industries of Great Britain by the bounty 
system in those countries which manufacture 
sugar for export. One of the witnesses, Mr. 
James Duncan, stated that Great Britain was 
adapted for beet cultivation, but that the bounty 
system of foreign countries, averaging £2 a ton, 
acted as a preventive of successful production of 
beet sugar in the British Isles. br. Voelcker, 
chemist to the Royal Agricultural Society, stated 
that he found 12 per cent. of sugar in roots 
grown in Suffolk ; 12°5 to 13 per cent. in roots 
from Berkshire; 11°75 in roots from Surrey ; 
10°5 to 13°26 in rvots from Yorkshire, and 10, 
12, and 13, up to 15 per cent. in roots from 
Killarney. Mr. Martineau had roots grown 
in Lincolnshire and the Isle of Thanet, and 
obtained 15 per cent. of sugar, compared with 
the average (at that time) of 10°5 per cent. in 
France. 

Experiments in Great Britain. The 
factory which Mr. Duncan starled was at 
Lavenham, but the venture was not a success. 


FOOD SUPPLY 


The quality of the beets improved year by year, 
but the farmers did not properly modify their 
rotations to secure a, sufficient supply of beets 
for working at a profit. Sir J. B. Lawes and Sir 
J. H. Gilbert published, in 1898, a valuable 
summary on the conclusions they had arrived at 
as to the growth and manufacture of sugar in 
the United Kingdom. On the whole, the authors 
were rather sceptical as to the suitability of 
England as a beet-growing country, and although 
satisfactory crops could be obtained in certain 
districts, the results on the whole country, and 
on an average of seasons, were not, they said, 
likely to be profitable. 

England too Cold. The perfected beet- 
root grown abroad is supposed to require an 
average temperature of 70° F., while statistics 
show that the mean temperature for July, tho 
hottest month in tho year is, in England, only 
62'5° F., and for September and October, 50° F. 
and 43:2° F. respectively. These latter are the 
critical months during which the beet matures 
and ripens, and in England, October is nearly 
always rainy, and often frosty. Nevertheless, 
in favourable districts, it is probable that in the 
majority of seasons, a fair quality of beet for 
the manufacture of sugar could be grown if 
proper care were taken to gather the harvest 
before the early frosts appoared. These investi- 
gators strongly recommended the planting of the 
roots close together whereby the luxuriance of the 
foliage is limited, the purity of the juice increased 
and earlier ripening secured. Norfolk or Suffolk 
they considered most suitable for beet cultiva- 
tion, the climate being appropriate, and tho 
soil neither too light nor too heavy. They 
added that even if the Continental sugar bounties 
were reduced or abolished, beet growing could 
never be commercially profitable for the agricul- 
tural districts of Great Britain as a whole. 

Why England should Grow Beet. 

Mr. Sigmund Stein, of Liverpool, has for years 
advocated beet-growing in England, and in 
December, 1905, he discussed the subject in 
a paper read before the Society of Arts. He 
enumerated the advantages which Great Britain 
possesses over Continental competitors. (1) We 
can grow more roots per acre; (2) we can 
grow richer roots than on the Continent 
(3) we have the consumption at hand, since 
we are the greatest sugar consumers in the 
world; (4) we save freight ; (5) we save com- 
mission, as the factory sells direct to the con- 
sumer; (6) we can make use of the latest 
improvements in cultivation and manufacture 
by having at our disposal the best implements 
and machinery ; (7) we can manufacture refined 
sugar direct at a very low price; (8) we can 
employ the plant of our works in the summer 
months after the campaign is over much better 
than the factories can do on the Continent, as we 
have many other industries in this country which 
could be well carried out in this factory. 
The ia fu i beetruot is to be this year (1906) 
introduced in Essex for the manufacture of sugar 
on the spot, the Ipswich Chamber of Agriculture 
taking a great interest in the experiment. 
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CHILD'S WARDROBE 






Cutting, Drafting and Making. 


By AZELINE LEWIS 


HAVIN G provided garments for the infant, 
we will proceed with those required from 
the toddling stage till three to four years old. 

The remarks already made as to allowance 
for growing must be observed in these, as, indeed, 
in all children’s garments, but more particu- 
larly in the very early stages of existence when 
growth is very rapid. All neck, waist, and wrist 
bands should. be large enough, but not exeg- 
gerated, which remark applies also to the size, 
as over-much fulness means added weight and 
consequent discomfort to the child. 

This brings us to another important point. 
As the infant grows so its activity increases, and 
it is then able to keep up 
the circulation and the | 
warmth of the body by 
movements. The cloth- 
ing, therefore, should be 
light and _ sufficiently 
warm, but not too 
warm, as this induces 
perspiration and fatigue. 
The flannel for the under- 
wear should not be of 
& heavy or close kind, 
whilst the material 
selected for the petti- 
coats and frocks should 
also be of a light make. 

Fussy or starched 
frilling round the neck 
should be avoided, and, 
from the point of view 
of the child’s health and 
comfort, the simpler the 
garment the better. 

Day and Night 
Wear. The little 
woolly vest is stil] worn 
under the little chemise 
of finest cambric or long- 
cloth. The letter, how- 
ever, in a woollen-clad 
baby’s wardrobe, would 
be of the finest wool or; 
nuns’ veiling, when the d 
vest would be dispensed 
with. 

For the first year, the pilch No. 1 is required, 
also the stork pants, which may be needed a 
little longer. After this the little drawers shown 
in Zid are better. A little stay bodice of cambric, 
or soft woollen material, is worn over the chemise, 
made to flap over somewhat after the style of 
the bodice for the long flannel in 1. A knitted 
one, however, is preferable, as it is so much 
more elastic. 
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21. CHILD’sS OUTFIT 


The little flannel petticoat is attached to this, 
whilst the upper one is better made all in one, 
or buttoned on to a bodice of the same material. 
In America a little suspender bodice for the 
diapers finds much favour. This is made like 
a little chest protector—back and front—with 
elastic at the lower edge. 

Over the second petticoat comes the frock, 
and indoors a dainty cambric pinafore would 
be worn. 

A small dressing-gown is a welcome addition 
to the wardrobe after the first year, and the 
Dominican shape in the sketch is a very com- 
fortable little model [(21)]. 

With respect to night 
attire, the sleeping suit 
is undoubtedly the hest 
for the active little mite, 
and, as a baby will kick, 
even at night, the footed 
shape is the test from 
one to two and three 
years of age. This covers 
the entire body, and may 
prevent chills. It is, of 
course, made of flannel. 

As the child is now 
able to sit up, there is 
not the same objection 
to passing the clothes 
over the head as in the 
case of a tiny infant, 
but it is edvisable that 
they should be easily 
and quickly put on, 
with as little twisting 
and turning as possible. 

The necessary and 
most usual garments for 
a child from one to four 
years are shown in 21: 
(c) shows the small 
chemise which can be 
worn at this age, though 
many mothers prefer the 
little combination gar- 
ment shown at (h); (g) 
gives a flannel petticoat 
with shaped skirt part 
and little bodice to match, feather-stitched round 
the edges; (¢) is the most usual shape of over 
petticoat cut in one, princess fashion, and trim- 
med with tucks, feather-stitching and em- 
broidery ; (J) is a small nightgown, with square 
yoke, made of longcloth, flannel, nun’s veiling, 
or Scotch wincey, which both washes and 
wears admirably, and is equally useful for frocks 
as well as underwear. In (6) we have the footed 


sleeping suit already referred to, whilst (7) shows 
the dressing —of Dominican form—which 
makes a very cosy little wrap for a tiny tot. 

Yoked frocks are the same as those for the 
first stage, so at (e) we have only selected a 
little sailor frock as a model; (k) shows a 
little matinée coat, and (a) a long sacque coat 
with cape, whilst (/) depicts a simple little 
pinafore with square embroidery yoke; (d), of 
course, shows the little drawers. 

Various alterations and modifications arise 
from time to time, but in the main the patterns 
remain the same, and those selected are the 
usual shapes. As far as the coats are concerned, 
the alteration usually affects the collar or neck 
portion, and the trimming generally. 

For the hygienic “ second-stage set ’’ the same 
principle should be followed as in the first, and 
the same models may be used with the necessary 
abbreviations of skirt and enlargement of bodice. 
The garments should fasten alternately, as already 
mentioned. 

The Drafting. We will now consider 
the diagrams for the clothes mentioned. The 
chest measurement may be from 22 in. to 26 in. 
Neck, 10 in. to 12 in. ; wrist, 
6 in. te 8 in. Length from 
neck to hem, 20 in. to 
24 in.—depending on the 
style of frock. If the Dutch 
style be selected, this, of 
course, would be longer. 

Diagram 22 shows the first 
chemise, which will require 

of 36-in. material to 
make two, folded over with 
selvedges in centre and fold 
on each side. 

A to B and C to D are 
8 in.; A to C and B to D 
are 13 in.; A to E, 2 in; 
A to F, 3 in. ; A to G, 5} in.; 
B to I, 4 in.; I to H, 1} in. ; 
D to J, 14 in. Curve from 
F to E, G to H, and H to J 
and C. 

This little chemise may be 
fastened on the shoulder, or 
down the front, as preferred ; in the latter case. 
the centre would be slit down and hemmed. If 
preferred gathered round the neck, add on 
one or two more inches to centre, and carcy 
the slopes of E and C to meet this. 
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23. FIRST KNICKERS 


In 28, ‘ 
have the second 
stage drawers, 
the pilch illus- 
trated in No. 20 & 
being considered 
the first. For 
these, 4 yd. of 
36-in. material 
will be required 
for one pair, if 
tiny pieces be 
joined on at 
front leg. A to 
B and C to D, 
104 in.; A to 
C and B to D, 
13 in.; A to E, 
lin.; B to F, 
Zin.; A to G, ¢ 
8 in.; C to H, 
3} in.; A to I, 22. CHEMISH 
2in.; Ito J, the same. Curve from E and J 
to G and G to H, and from F to G. As these 
two patterns are quite easily enlarged, they are 
not given again. 

The broken lines indicate 
the direction to be taken for 
the divided skirt [see later], 
which is advisable for some, 
if not for all children, either 
of flannel to replace the 
ordinary shape of flannel 
petticoat, or cambric. If 
prettily festooned or tucked, 
and, trimmed with lace at the 
bottom, it has all the appear- 
ance of a petticoat, with the 
extra advantage of warmth to 
the lower portion of the body. 

The combined garment is 
now preferred to the chemise 
and drawers, though one of 
woven material is usuall 
worn under this. The small 
garments, however, are rather 
expensive for their size, as 
children so rapidly grow out 
ofthem. For the very first size, an ordinary vest 
does excellently, cut to form short leg pieces, then 
joined up, with the neck either drawn in by a 
ribbon, or cut at the side to form the head 
opening, and bound with washing ribbon. 

Diagram 24 shows a very comfortable pattern 
for combinations, which should not present 
much difficulty in cutting out with the aid of 
ge ebidasats diagram and instructions. 

e 
and 
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are 23 in. from shoulder front to knee, 
in. from centre-back to point of leg in 
front, and will take 1 yd. of 36-in. goods. 

The curved lower portion of back, it may 
be pointed out, is to give room and as a pro- 
tection for the sides, and must be joined to the 
front exactly as the notches indicate. These 
are sore of flannel longeloth, and trimmed 
according to taste, the opening being back or 
front as preferred, and may be made with or 
without sleeves, either long or short. 
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25. DRAFTING BODICE 


Diagram 25 gives the 
drafting of a bodice for 
the second stage, which 
will form the foundation 
for bodice of petticoat, yoke 
for frock, etc. A to B and 
C to D, 16 in.; B to D and 
Ato C, llin.; A toB, E to 
K, and B to¥F, lin.; BtoH, 
2iin.; Ato L, 5} in.; L to 
M, 2 in. The remaining 
measures are marked on the 
diagram. 

Diagram 27 is the princess 
petticoat shown at (t) in 
21. 

This shape requires % yd. 
of 36-in. matorial, and, as 
will be seen by the broken 
line, is cut from the bodice 
just drafted (25). If the 
banded style be preferred, 
the lower portion is quite 
easily added on, either in the 

athered or circular form. The 
ower edge may measure from 
1] yd. to 14 yd. round. The same 
model will do for children up to 
four and six years of age, and 
can easily be increased in size and 
length. The trimming, of course, 
is a matter of taste. 

A Child’s Sleeping Suit. We now 
come to the night attire of the little people, 
from one year old and upwards. As already 
remarked, for children up to two years of 
age at least, the footed sleeping suit, made in 
@ soft, light flannel, is the safest form of night 
wear, Diagram 26 shows the shape of the gar- 
ment, which is 14} in. half-chest, and 24 in. 
across the widest part of leg, the length from 
shoulder to point of front foot being 36 in. This 
will take 2} yd. of 36-in. flannel. 

The foot portion is somewhat complicated, 
but if the notches be very carefully followed, 
and those which correspond with each other 
put together, the making is not difficult. 

No. 28 shows at A the foot portion, and at B 
the foot, heel and sole put together, and the 
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286. FOOTED SLEEPING SUIT 


relative position of the notches. The 
seams are herring-boned with very fine 
cotton. 

If more protection is required at back 
and front, a yoke can be added, cut the 
same shape, and stitched or feather-stitched 
to the suit, which can be worn by either 
boy or girl. As for obvious reasons it 
must be cut somewhat long and large, 
the foot portion should be drawn in to 
the ankles by a ribbon or elastic passed 
through fancy stitching. 

After the age mentioned, a nightgown 
may be preferred, though the male infant 
will keep to the sleeping suit without feet. 
Diagram 29 gives a model of a simple 
io sacque affair which, like the princess 
petticoat [27], can be casily evolved from 
tho bodice shown in 25 by increasing it 
in length and width. The broken 
lines show the direction to be taken 
for the skirt part if a yoke night- 
gown be required. It is better 
made to fasten either at centre- 
back, or left side of front, thus 
affording protection to the chest. 

This pattern, it may be’ noted, 
will do for the smal] dressing-gown, 
in which case, of course, the front 
would be left open the whole 
way down. By curving the 
front neck, if made with & 
yoke, and adding a wide 
fold of material round neck, 
down yoke, and fronts of 
gown, we shall have a very 
nice copy of the kimono 
style. For either shape 14 yd. 
to 2 yd. of 36-in. material 
will be needed. 

The making of these garments 
should present no difficulty if the 
DrEssMAKING and UNDERCLOTH- 
ING Courses have been followed. 
Fine work, however, is very neces- 
sary, not only for the appearance, 
but also for the comfort of the child. 

FrocKea. We now come to the 
question of frocks, and here we 
have 6 
wide 
selection as far as 
make and trimming 
are. concerned, al- 
though for the first 
year or so the choice 
in cut is chiefly 
limited to the yoke 
and smocked styles. 
The yoke may be at 
the shoulder only, or 
may extend below 
the armpit in the 
Empire style, both 
of which are easily 
cut from our draft- 
ing, and the preceding 
instructions. 
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27. PETTIOCOAT 


For a rapid! i 

smocked trok 5 idedly 

ds so readily, but _. 
it should be out with . 
the sleeves carried up 
to the neck, as in the 
drafting “of the long 
flannel of diagram 2 
[p. 3744].'and not with 
a round armhole. This 
is an important matter, 
as the armhole does 
not expand with the 
growth, and it is likely 
to irritate and even 
hurt the child, besides 
being more difficult to 
smock than the other 
shape, and less effec- 
tive when done. 

A point to be re- 
membered in smocking is that ample material 
should be allowed for the purpose, as skimpiness 
detracts very much from the beauty of the work. 
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29. NIGHTDRESS 


TE ens 


From four to six years of age the yoke and 
»pmocked style is usually worn, but may be 
varied by the long-waisted French variety, 
or the kilted style, 
with a sailor or Ameri- 
can blouse, equally 
suited to girl or bo 
from two and a half 
years of age. 

Diagram 80 depicts 
a drafting of the latter 
style, the bodice of 
which can also be 
evolved from 25, 
either high-necked or 
open, sailor fashion, 
the former shown by 
the broken line. 
Without the collar 
and with a box-pleat 
in the centre, it forms 
an American blouse. 
The sleeve can either be 
pleated at the wrist-part to form one. 


child the yokeless 
double 





ut in a cuff, or 


For a sailor blouse, the collar would be of 


28. FOOT OF SLEEPING SUIT 


COLLAR 


material, the edge 





turned in and stitched 
once or twice, the first 
row quite close to the 
edge, the second } in. 
to 3 in. from this. 
The under part is 
secured to the edge 
of blouse, which should 
have a linen stay 
to ee stretching, 
whilst care should be 
taken not to stretch 
either edge. 

The seam must be 
well pressed, when tho 
upper capers can be 


hemme over the 
paleo and again 
pressed, care being 


taken with the points 
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30. SAILOR FROCK 


A Kilted Frock. 





31. KILT. TACKED FOR PRESSING 


of the collar to keep them neat and to 
prevent them having a thick appearance. 


The kilt fastens at 
the back, and is 
hemmed before being 
pleated. It must be 
very carefully marked 
and spaced as shown, 
Ko that the pleats are 
quite even. When 
tacking, care must be 
taken to keep the 
first pleat at the 
lower edge in a line 
with the upper one, 
and with the thread 
of the material, 
otherwise each suc- 
ceeding one will get 
more on the bias, 
and the appearance 
will be spoilt [see 


31]. With respect to the material required, thin 
frock will take about 2 yd. of 44-in. goods. - 
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Diagram 81 shows half of kilt tacked and ready 
for pressing, which should be done on a hard 
surface; it will take a little time to get the 
pleats perfectly flat, especially if the cloth be 
thick. It is best, when doing this, first to put 
the iron on the bottom edge whilst holding the 
other taut with the left hand. This will keep 
the pleat edges straight, which, if the material be 
at all wiry or thick, may not always be en eesy 
task. en this is so, a second row of bastin 
in the middle is advisable. The kilt is arrange 
at the waist into a band, which buttons on to 
a little under-bodice of 
lining. 

This frock is capable 
of various modifications. 
If the blouse portion be 
made a little narrower 
at the lower edge, and 
left loose here and at 
the fronts, it forms 
the little Quartermaster 
frock illustrated later, 
and is worn over the vest: 
bodice depicted with it. 

In the long-waisted, 
or French, frock the 
bodice portion is carried 
down a few inches below 
the waist line, but 
should not be too low, 
as this impedes the 
movements of the child. 
The making of this style varies considerably, but 
can be easily accompliched by means of the 
foregoing diagrams and an approved sketch, 
and is more fully explained later on. The skirt 
should never extend below the kneo and should 
also be made a little shorter at the back than 
the front. Long-skirted frocks are only suited 
to yoke and banded styles, but whilst extremely 
picturesque and quaint, aro not very practical. 

For children of two to four and six years this 
style will require 2} yd. to 2} yd. of 44-in. 
material, much, of course, depending upon the 
style and “ frilliness ” of the frock. 

For out-of-door wear after the pelisse is aban- 
doned, the little matinée coat shown at (k) in 
21 is a very great favourite with most mothers, 
and is adapted to boys and girls from 1} to two 
and three years of age. Many mothers make 
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82. CHILDS FIRST COAT 


dainty little slip skirts to wear with these coats 
out of doors, as recommended for the infant. 

For boys, a a severer style is more 
suitable. These slip skirts measure 1# yd. to 
2 yd. round, and are just gathered into bands 
1 in. or so wide, and fasten on like the ordinary 
old-fashioned petticoat ; or they may be fastened 
by means of ribbons over the shoulder, as in 
the baby’s slip skirt shown in diegrem 1, which, if 
crossed over at back and front make a pretty 
finish. For winter, if the long sacque shown 
in 82 is preferred, it can be made with a capo 
end worn with a lace or 
silk frilled collar accord- 
ing to taste. It will 
take 2} yd. of 44-in. 
material, and, as will be 
easily seen, the above- 
named matinée coat is 
merely a shorter edition, 
with the corners cut. 

Headgear. For the 
first few months, baby 
boy and girl wear the 
same kind of headgear ; 
but after then the boys 
wear hats and the girls 
hoods or bonnets. 
These should at first be 
of such a make and 
material that they do 
not cause any inconveni- 
ence to the small head. 
and of the soft, close kind which the French 
aptly term a “ dormeure.”’ 

For boys, hats with or without brims, with a 
soft: ruched cap inside, are worn at first, tho 
cap being omitted as the child grows. After 
this, cloth tams, “ jelly bag. and Turkish 
caps, “‘man-o’-war”’ and sailor hats are added 
to the list. 

For girls there is a wide choice in styles, 
which, however, resolve themselves into modi- 
fications and varieties of the Dutch or Puritan, 
and the Directoire, or poke, bonnet. In summer, 
frilled or floppy-brimmed hats, and dainty, 
modified poke or sun bonnets are best for 
small girls, and mushroom shapes as they grow 
older. In wintor, of course, the quaintly pretty 
Dutch bonnet may be advisable if preferred. 
[See MILLINERY ] 
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NATURALISTS 


The business which, for want of a better title, 
is called that of a “naturalist,” is usually com- 
bined with another branch of shopkeeping. 
The most suitable businesses upon which may 
be grafted that of a naturalist are those of a 
furrier and of a dealer in live animals and birds. 
Sometimes gunsmiths, fishing tackle dealers, 
antique dealers, and even barbers, house fur- 
nishers, and tobacconists, take up the depart- 
ment. Tho man who adopte it must have a 

rsonal taste for it, and a knowledge of and 
iking for natural history in its various depart- 
ments. 

The trade has depreciated recently from two 
causes—first, the flooding of the market with 
cheap, gaudy, and badly-prepared glass shades 
of foreign birds, whose appearance repels people 
of taste; and, secondly, the Wild Birds’ Protec- 
tion Act, which protects so many of the species— 
and Bret hat vegy the city sportsman has now 
a great difficulty in pursuing his sport. 

Stock. To make a side line in this trade, a 
shopkeeper must, of course, show specimens of 
many kinds, and the taxidermist is usually 
willing to let him have, these on terms of sale 
or return. In exhibiting them, care should 
be taken to put them in a position so that direct 
sunlight does not reach them, as the bleachin 
effect of light will soon spoil both fur an 
feathers, and ruin butterflies. Glass cases will 
steam inside from the effect of direct sunlight. 
Stuffed heads of animals, not in glass cases, and 
rugs, will require to be carefully freed from 
dust, which induces the attacks of moths If 
the presence of moths be suspected, a brushing 
with benzoline will prevent trouble. Benzoline 
must be applied in the open air, on account of 
its explosiveness, and should be allowed to 
evaporate well before bringing the specimens 
indoors. 

In towns where theré is a good college in the 
vicinity, some trade may be done in implements 
and in cabinets for insects and eggs. Insects’ 
eggs themselves had best be avoided, except by 
those who are able to identify the specimens and 
their varieties. 

Mounting Specimens. The mounting 
of horns and heads on shields (usually made of 
polished oak), foxes’ heads and hares’ heads and 
feet, as sporting trophies, will be the ae 
trade in a country town; but care should be 
taken to ascertain if the specimens brought for 
preservation are in a fresh conditicn, especially 
when the weather is hot or damp. A good 
test is the brightness and fulness of the eyes. 


Shop and Fitting. 
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Stock and Staff. 


Specimens sent by post or rail should be packed 
securely in a box, with dry hay or straw, all 
risk of crushing being avoided. 

It is usual to obtain a deposit of 25 per cent., 
especially from a new and unknown customer. 
This will be found necessary, as the preparation 
of the specimens take a considerable time, and 
the customer’s interest in the interval wanes, 
and there is the risk of having goods left on hand 
unless the deposit be insisted on. This is par- 
ticularly so in the case of pet animals and birds, 
the owner’s grief in many instances being assuaged 
by the acquisition of a living duplicate. 

In the event of specimens being received from 
abroad, especially the tropics, they must be 
carefully examined, and if there are any live 
insects, they must be treated with preservatives 
[see Taxidermy] and stored in a dry place off 
the floor, away from risk of rats and mice. As 
a customer very often does not require his 
collection mounted at once, a charge for ware- 
housing may be made. 


Precautions in PacKing. All finished 
work is best delivered without being packed ; 
but if the distance be too great, and a 
packing case necessary, a charge is made 
for this. The box for a glass case should be 
only a few inches larger than the case, and only 
straight dry straw should be used in packing, 
care being taken that the pressure is only on 
the woodwork, and the glasx free. Large heads 
and horns may be packed in crates and fixed 
by large screws through the backs of the 
shields, and the horns supported by crossbars 
of wood. 

It will be seen from the foregoing that a certain 
amount of trade can be done with a very small 
outlay. The taxidermist will require cash pay- 
ment for work done, but probably the dealer 
will be compelled in some instances to give 
credit, but he must arrange his price to cover 
that; he will also assume some risk in havin 
work left on hand, but he can dispose of suc 
work after giving due notice to the owner 
of his intention. A great advantage is that 
finished work is not permshable if proper caro 
be taken. 

It will seldom pay to dispose of goods by 
auction, unless they can be included in a sale 
of similar goods—that is, natural history speci- 
mens. This can be done by including them 
in one of the periodical sales, such as are held 
periodically near Covent Garden, London, W.C., 
where large quantities of natural history, entomo- 
logical, and geological specimens are offered, 
and the dealer can often pick up a small stock 
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of saleable articles and specimens suitable to 
his district and trade. In buying, he must 
remember that the return may not be immediate, 
and that second-hand articles nearly~. always 
require & little outlay for renovation. 


Freaks and Curiosities. Curiosities in 
the way of freaks, such as animals and birds 
with an abnormal number of heads or limbs, 
can seldom be sold to any advantage. Goods 
which sell most quickly are thoso of the orna- 
mental type, such a3 mounted horns and heads. 
The larger and more mature command the best 
price and the quickest sale. The dealer must 
be able to detect the x a at a glance, and 
so to judge ita proper value. 

Dressed skin rugs and feather screens soon 
show signs of wear, and should be carefull} 
examined for probable spots which moths have 
attacked. 

The sale of native arms, implements, dress, 
and ornaments, is frequently combined with this 
trade, but it is difficult to judge if one is buying 
an imitation made in this country or not. 
Sometimes a known customer has a surplus lot 
of curios to dispose of, collected by himself, and 
authentic ; an opportunity of this sort should 
not be neglected by the dealer. 


Prices. The subjoined list of prices may 
be a guide for general work, but the variation 
in the requirements of each customer and in- 
dividual specimens makes it impossible to 
publish a complete list of charges. The best 
way would be for the dealer to get an estimate 
from the taxidermist as the practical man before 
giving a binding price. The prices quoted are 
those below which it is impossible to expect 
good and reliable work. 


Brrps, Fi 
8. 
Stuffing small birds, without case, up 
to the size of a linnet, goldfinch, or 
canary ne - ie aa 2 0 
Size up to pigeon 4 0 
Size up to grouse sie 6 0 
Size up to pheasant .. bs - 8 0 
Double this for the cost of the bird mounted in 
plain case. 
Fresh WATER Fisu. 
Flat Bent 
glass case. glass case, 
8s. dd, £s d. 
Weight llb. .. 12 0 14 0 
» 2lb. .. a 14 0 16 0 
» lb .. “4 16 0 1 0 0 
» 1b. .. 18 0 1 5 0 
»  OOlb. .. 1 0 0 1 8 0 
ANIMALS. 
£6 d. 
Squirrels, without case es en 5 0 
Rabbits ‘ aus os 10 90 
Foxes a ‘<h . 20 94 
Double this for casing. 
Fox's head only, on shield... oe 18 0 
»» brush, with handle is ote 5 0 
Fallow deer’s heads: ss - 20 80 
Red deer’s head oe = -- 310 8 
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£ a. d, 

Dressing skin of rabbit ae ons 9 

A as Ox .. or és 3 6 

ey - deer .. i ie 10 0 

” ” tiger or lion .. . 1 0 0 
Tiger or lion, with head stuffed and 
eyes inserted, lined and bordered 

with felt ‘ si . 3 0 0 


Aids to Selling. A photographic album 
of finished specimens is of great value to con- 
vey an idea of the best way of treating them, 
and will save room, etc., the dealer not re- 
quiring to have the objects themselves at hand. 
This is especially valuable with respect to the 
mounting of horses’, rhinoceros’ and hippo- 
potamus hoofs and feet, which are sometimes 
mounted in silver, copper, and brass, as 
inkstands, cigar, cigarette and tobacco boxes, 
candlesticks, trinket boxes, paperweights and 
doorstops. Elephants’ feet are also made into 
workboxes, flower-stands, footstools, umbrella- 
stands, and liqueur stands. 

Foxes’, hares’, and otters’ feet (or pads, as 
they are called in the trade) are mounted as 
a pat ig letter clips, whip handles. Deer’s 

oofs, with part of the leg included, can he 
mounted as whip handles and hat pegs; a 
set of four makes a handsome candelabrum. 
Various animals’ tgils are utilised as whisks and 
brushes. 

Opening Business. Established in a 
town, a port in preference, the beginner would, 
by judicious advertisement, get into touch with 
the sporting community, with whom his busi- 
ness mostly lies. 

The naturalist should be able to use rod, 
rifle, and shot-gun; and if required to accom- 
pany his customers qn an expedition for big 
game, etc., the opportunities for observation, 
making notes and sketches on the spot, some- 
times from life or at all times from fresh-killed 
specimens, are invaluable. It is quite ex- 
ceptional for sportsmen to take an experienced 
man with them, and consequently many a 
valuable specimen is spoilt by having the 
skin literally torn off by the natives and roughly 
dried, taking its chance of hundreds of de- 
structive insects and risks of injudicious 
packing making it valueless for scientific 
purposes, as, if mounted, it must be repaired 
and faked to make it presentable. For a 
business of this description premises with a 
shopfront are not necessary. 

Workshop. A lofty, well-ventilated work- 
shop with a large stove, water supply and a 
large sink is necessary. The shop should be 
big enough to accommodate the largest 
animals and leave room to manipulate them. 
A convenient size is about 50 ft. long by 20 ft. 
wide, with doors 15 ft. high by 8 ft. wide. 

The tools required are described in the article 
on practical taxidermy. To learn the trade a 
start must be made very young. The boy must 
show a decided interest in natural history, and 
have grit to endure the many unpleasant pro- 
cesses and difficulties connected with it. 

Apprenticeship is not universal in the trade, 
the boy usually starting at the bettom of the 


ladder, meking himeelf generally useful (or 
perhaps otherwise) for a small wage, and work- 


ing up. . 

he salary for a first-class man is not likely to 
exceed £3 per week, but if thoroughly scientific 
end well versed in the requirements of museums, 
a more lucrative eppointment may be obtained. 


NEWSAGENTS 

In the present state of society the newsagent 
18 as casentially a part of modern life as the 
printer and the reporter, and there should be no 
remap in anyone with the ambition of becom- 
ing a disseminator of news finding a suitable 
sphere for his activities. 

The amount of capital required to start 
depends entirely on the idoas of the beginner. 
For instance, he may select a stand in a 
busy thoroughfare, or a pitch near a railway 
station, where a constant stream of men passes 
morning and evening, and, with the expenditure 
of a few shillings, obtain and dispose of a supply 
of the morning and evening papers. Or he may 
ally himself with one particular newspaper, and 
obtem from the manager a district, which he ix 
expected to work for all that it is worth. The 
letter class are familiarly known as “ hawkers,’ 
and some people are squeamish about venturing on 
such a course. A good wage, however, is usually 
made right away, and there are no expenses to 
come off. We have known many a splendid 
business built up from just such beginnings, the 
mitiative and alertness demanded in this line 
being an excellent training for future and more 
extended operations. 


The Shopkeeper Newsagent. Pre- 
suming, however, that the aspirant wishes to 
blossom forth at once as a shopkeeper, one of 
two courses is open to him: first, to acquire a 
business which, for some reason or other, has 
come into the market; or, secondly, to select a 
shop, preferably in some busy thoroughfare. With 
regard to the former course, that of acquiring a 
business as @ going concern, the utmost caution 
must he exercised by the buyer, as frequently, 
despite the specious reasons given by the seller, 
those businesses which come into the market 
are either suffering from “‘ dry rot,” or have got 
into the sere and yellow leaf. Assuming that 
the business is acquired, the first thing to do is to 
notify the change to the customers and wholesale 
merchants of your predecessor. This is generally 
done by joint circular and advertisement. Then 
call a clearing sale, and get rid, at any cost, of 
the old stock. 

The New Business. In regard to the 
opening of an entirely new business, the choice 
of a line to be run along with the news agency 
will lie entirely with the beginner. We are 
concerned at present with the newspaper trade 
only. An advertisement should be inserted in 
the newspapers circulating in the vieinity, 
end a neat circular drawn up and addressed 
to likely parties in the neighbourhood. Do 
not ,grudge expense in advertising; money 
judiciously spent thus is bl Seige iavestment. 

t is a wise thing to e a systematic 
canvass of the district in which the shop is 


situcted and, if possible, to obtain orders for the 
permenent delivery of the morning and evening 
newspapers, megezines, etc. 

Buying Terms. Where ible, it is 
elweys well to deal direct; but any good 
wholesale house will bo pleased to quote terms. 
As fs rule, 25 per cent. is allowed off the 
ordinery penny and halfpenny papers. On 
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on others he will be allowed less. Of course, he 
will not get those terms for the sixpenny weeklies, 
end some of them will cost him 54d. plus the 
cerriage. It is obvious, therefore, that these are 
not a source of profit directly. In fact, when 
catriage is considered, to say nothing of delivory, 
the balance is decidedly on the wrong side of the 
ledger. As ¢ rule, newsagents who know their 
business supply the sixpenny weeklies only to 
customers for other newspapers or magazines. 
Pending better terms, it might be wise policy to 
leave them severely alone. The samé remark 
applies to special editions of “ trade ’’ papors, 
which ere issued at cortein seasons. It is a good 
maxim in business to ‘ Let every herring hang 
by its own head.” 

Accounts have usually to be paid monthly ; 
but unlcss good seourity is given, the beginner 
must pey cash in advance. As to the class of 
newspapers wented, that will depend to a large 
extent on the locality in which the shop has been 
opened, and the common-sense of the newsagent 
must here, as always, come into play. For 
instance, if the shop be in the vicinity of a 
school, a good trado may be dono in_ the 
excellent juvenile literature which is now 80 
plentiful. 

The Shop. In order to attract, and what 
is of equal importance, to retain, customers, tho 
shop should have a neat and tidy appearance. 
The papers should be arranged neatly on the 
counter, so that the visitor may oasily read their 
titles. A judicious display of show-bills and neat 
cards may be used with advantage. The windows 
should be an index of the shop, and have an 
attractive end inviting appearance. They should 
be frequently changed, and on no account should 
the announcement of a Christmas publication 
be allowed to hang till Easter, nor the advertise- 
ment of a Summer Number stare one in the face 
at Christmas. There is nothing more repellent 
and detrimental to business than badly-dreased 
windows. They give one the idea of untidiness 
and unpunctuelity on the part of the shopkeeper 
—two fatal defects in any business. 

The newsagent who is alive will take advantage 
of the plentiful supply of literature which is 
freely offered to push the sale of forthcoming 
newspapers and periodicals, or to give a fillip to 
those already in the market. 

What to Sell. Quite a-good trade may 
be donc in the sale of cheap reprints of standard 
works, end in magazines and _ periodicals. 
This is considered a perfectly legitimate part of 
the newsagent’s business. An excellent feature 
of this class of literature is the inoreasing 
number of publications which ate now being 
issued at net prices, and which, as a rule, yield a 

rofit of 15 per cent. This is fair alike to the 
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public and to those who handle the goods. The 
purchaser knows that he is paying the market 
price, while under the discount system he may 
pay ninepence in one place, tenpence in another, 
and if he re id at a railway bookstall, the full 
price of a shilling. 

Special editions of the illustrated papers, 
issued in connection with great national events 
and at Christmas, are now recognised institu- 
tions, as are also the double numbers of magazines 
and other periodicals. In these the alert news- 
agent may usually do a good stroke of business. 
if he is wise, however, he will take full advantage 
of the advertising matter issued by the publishers 
and book his orders beforehand. This, of course, 
means the expenditure of a good deal of time, 
and also money; but it will pay. He will do 
well to limit his supply as nearly as possible to 
the orders which he has received. That is until 
he knows his district thoroughly, and even then 
he should be guided to a large extent by this rule ; 
because even old and experienced dealers have 


again and again been bitten by laying in a heavy , 


stock of “‘ special’? numbers in anticipation of 
the big rush which never came off. 

Returns. The question of “returns” should 
be very carefully considered by the newsagent. 
On a number of newspapers and magazines a 
certain percentage of “‘returns”’ is allowed. This 
enables the shopkeeper to stock these publications 
without running the risk of heavy loss. Of 
course, it is not fair to abuse the privilege 
which is thus given by the publishers of these 
periodicals, etc. The newspaper list should be 
carefully gone over every week, and scrutinised, 
and ‘‘returns” reduced to a minimum. All 
non-returnable newspapers left over should be 
relentlessly cut off, and no papers kept except 
those for which there are definite orders. e 
same remark applies with equal force to the 
magazine list. is must be kept steadily in 
view unless profits are to be reduced altogether 
to the vaiaing point. An old newspaper or 
magazine is generally of as much value as, say, 
last year’s almanac. The newsagent must pay 
the carriage on his “returns.’’ Some publishers 
are now accepting the headings of old news, 
papers in lieu of the newspapers themselves- 
thus saving the newsvendor the carriage charge. 

Profits. The question “ What profit can 
be made?” is the most important of all. In 
arriving at a satisfactory answer there are a 

od many points which must be considered. 

course, the first is the price at which goods 
may be obtained. As already indicated, 25 per 
cent. is allowed off the ordinary penny and half- 
penny newspapers ; some peat allow a little 
more, while a considerable number allow only 
about 15 per cent., and in the case of the six- 
penny weeklies, most of the publishers allow 
only 7} per cent. Put it down at say 20 per 
cent. on newspapers over all. Taking net and 
non-net magazines together, say 10 per cent. 
Now, let us take a business turning over, say, 
£600 a year, £500 of which is newspapers and 
£100 magazines and other periodicals. We 
have thus a grose profit of £110. Let us see 
what expenses have to come off. ‘ 
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Delivery. Take first the cost of delivery; 
and with the advent of the halfpenny paper, 
the question of delivery thas come to be a 
serious matter, because the newsagent has to pay 
the same for delivering a halfpenny paver 
as he has for delivering a penny one, Thilo 
his profit is only one-half. Then, as districts 
are often widely scattered, and distances 
at which the papers have to be delivered 
considerable, this necessitates a number of 
errand boys. If 10s. a week—that is, £26 a 
year—be allowed for these, the estimate is 
moderate ; a girl to attend the shop and look 
after the books, say another £26 a year. 

Then carriage is a very heavy item. On 
a business such as we have supposed, it would 
amount to no less than £12 a year. There is 
thus left the sum of £46 to pay the newsagent’s 
own wages, rent, taxes, light, and fuel, to say 
nothing of postages, advertising, and leakages. 
Not much prospect there of soon amassing 
@ princely fortune. It may be pointed out 
that in the large towns, where there is a 
wholesale house, the newsagent is in a much 
better position than his brother in the country, 
in respect that he has no carriage to pay; 
and the bigger the town the better prospect 
there is of a larger cash trade being done. 
On the other hand, however, to balance this, 
the rent in the metropolis and other large cities 
is much higher than in provincial towns. 

Charges for Delivery. In the good old 
days when the customer was content to wait 
the pleasure of the newsagent in delivering 
his paper, something might have been, and 
no doubt was, made at the business. Now, 
when every customer wants his morning or 
evening paper as soon as it is published, or 
immediately after the arrival of the train, it 
comes to be a question, unless delivery is charged 
for, whether the game is worth the candle. 

A good many towns in England, and a number 
of Scottish towns have adopted the charge for 
delivery, and the arrangement has worked well. 
It might, therefore, be advisable for the news- 
agents throughout the country to take the matter 
up and devise means by which concerted action 
might be taken. It is more than likely that the 
public would at once fall in with the suggestion. 
Men like and expect to be paid for their own 
work, and do not, as a rule, object to those who 
work for them receiving a fair wage. 

Work of the Newsagent. Anyone going 
in for the newsvendor business must make up 
his mind for a life of hard work and strenuous 
endeavour. It is not the line for the Tired 
Tims and Weary Willies. To do the work 
thoroughly he must be up early and work 
late. @ must go to the publishing offices 
or attend the arrival of the early morning 
trains himself and see that his army of 
boys are all forward and supplied with the 
papers for their various districts; and, in 
the event of one or more not turning up, 
he must arrange for others to take their 
places—a rather difficult matter. The morning 
papers must all be delivered before break- 
fast, or before business men go to-their offices. 


The echoes of the machi which produced the 
morning papers have hardly died away when 
the whir of the presses throwing off the evening 
papers is heard. The earliest editions of the 
evening papers are out before midday; and 
edition after edition, including Special and 
Football, is poured forth until late in the evening. 
This goes on day after day without intermission 
from January to December. There is no 
business in which there are more worries and 
petty annoyances. The newsegent will havo 
much to try his temper, and while avoiding 
servility on tho one hand will find the business 
of the newsagent an excellent school for culti- 
vating the virtues of pat‘ence and courtesy, 
without which ho will inevitably fail. 


The Colonial Newsagent. In_ tho 
Colonies, and notably Canada, the newsagent’s 
business is a much more lucrative one than 
it is in the old country. This is true espe- 
cially of the western provinces, 
where the coin unit is 5 cents. 
Although the face value of a news- 
paper is one cent, it cannot bo 
bought for that price. Of course, 
if delivered by the publishers the 
face value only is charged ; but 
if a one cont newspaper be bought 
on the street, or in a shop, the 
charge is 5 cents—the Irishman’s 
modest 5 per cent. profit. Even 
in the west, however, the spirit of | 
competition is developing, andthe 
newsboys are beginning to cut 
the price. ‘The visitor will 
be not a little amused when 
accosted by the pushful youngster 
to buy the evening paper, and 
as a special inducement is offered 
“two for five.” Until recently 
the rate at which newspapors 
were supplied to the newsagents 
was two copies for one cent. 
Lately, however, in April, 1906, 
the proprietors, who did not see 
the fun of all the profit going 
one way, raised the price to one 
cent per copy, which still leaves, 
at five cents a copy, or even “two for five,” a 
handsome profit to the newsagent. 


OIL AND COLOURMEN 

In the days of home-made tallow candles, 
* farthing dipe,” and ’a’penny rushlights, the 
tallow-chandler frequently carried on a distinct 
trade, his wares being mainly candles and soup. 
In his minute investigation of London trades, 
Mr. Charles Booth found this calling no longer in 
separate existence; the soap and candles are 
now sold by the grocer or the oilman. The oilman 
himself, who once dealt mainly in paints and 
paint oils, now sells illuminating oils, painte and 
paint oils, brushes, varnish, baskets, lamps, 
candles, soap, and also, very commonly, tinned 
and potted goods, which cannot be injured, like 
groceries or provisions, from shop contact with 
the more odoriferous goods. Ironmongery, garden 
tools, china and glass, mats, buckets, brooms, 
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grocers’ sundries—it would be a long list that ex- 
hausted the goods conjoined in modern oil-shops in 
London and elsewhere. The “ Practical Grocer ” 
(Gresham Publishing Company) devotes several 
chapters to the oilman and the goods he deals in. 

Starting in Business. A capital of 
about £200 should be sufficient, if the beginner is 
a precticalman. The choice of stock will depend 
a good deal upon the ascertained needs of the 
neighbourhood, but an oilman’s stock is always 
of a highly miscellancous cheracter. It is usually 
found the best plan to specialise in one or two 
particular departments of the business, and in 
those to carry as far as possib!e a complete! 
representative stock; although in buying suc 
stock the beginner with limited capital must 
not forget that some small itema may have 
to lie in stock for a long time before being 
asked for by customers. All such goods should 
therefore bear a high profit. 

Oil Licence. A preliminary 
question is whether or not a licence 
will be required under the Petro- 
leum Acts. This depends upon 
whether or not theo oil sold has o 
“flash-point ” below 73°F. “ Petro- 
leum,” in the meaning of the 
Petroleum Acts, is rock oil, 
Rangoon oil, Burmah oil, oil 
made from petroleum, coal, schist, 
shale, peat, or other bituminous 
substance, and any other product 
of petroleum, or any of the above- 
mentioned oils, which, when tested 
in e prescribed manner, gives off a 
vapour inflammable at a tempera- 
ture less than that stated. Oil for 
purning in lamps ought never to 
flash at a temperature less than 
73°F., otherwise it is too dangerous 
for ordinary use. Therefore the oil 
- — usually sold is not subject to the 
Re Petroleum Acts, and its sale 
necessitates no licence Petroleum 
spirit, benzine, petroleum cther, 
end similar articles, come under 
the Acts, and can be stored, trans- 
ported, or sold only under licence 
from the local authority. Carbide of calcium, 
used for making acetylenc, etc., needs a licence, if 
more than five pounds be kept, and this quantit 
must be in separate sealed metal vessels, cach 
containing not more than one pound. Methy- 
lated spirit needs a special licence, must be sold 
in bottles marked with ita name, and must not 
be sold between 10 p.m. on Saturday and 8 a.m 
on the Monday following. Fireworks come 
under the Explosives Act, and shops whore they 
are sold have to be registered ae Gun and 
Ammunition Dealers]; they must not be sold 
to children under thirteen. 

Storage. The storage of the oil is the 
chief matter in an oil-shop. The safest plan is 
to have an underground tank, cepable of holding 
150 gallons or 200 gallons, in the yard outside 
the shop, the oil being carried from it into the 
shop by a pipe under the floor, which supplies 
a kind of “ engine” or pump, with a measuring 
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siphon. The metal tank should be hermeticall 


closed, with the exception of an air-hole, which 


should be covered with very fine copper wire 
gauze. If it is not possible to have the tank 
outside the shop, it may be placed in the cellar, 
providing there is ventilation. The accom- 
panying illustration shows an arrangement by 
which oil may be drawn from a tank in the 
cellar into a measuring cylinder, which shows 
the quantity, and allows sales to be made with- 


out handling measure or filler. Turpentine is 
usually kept in metal drums. Vegetable oils 
should be kept in a cool place, and covered. 


Such goods as matches may be stored on shelves, 
but keep them well away from the gas-jets or 
other lights. Candles should not be placed on 
the upper shelves—these are likely to be the 
hottest part of theshop. A stand or an enclosed 

lass show-case may be used for displaying 
fong-handled brooms and brushes. Small wares 
can be kept in drawers or boxes, arranged so 
as to classify them conveniently: Very often 
they can be kept in parcels, to save deteriora- 
tion. On the top of each drawer or box put a 
card indicating the contents. It should be 
noted that when edible goods are stocked they 
should be kept away from others the smell of 
which may affect them. Pickles and curry 
powder in bottles are best not exposed in 
windows, the contents being affected by the 
light. Note also that such goods as whiting 
draw moisture when in paper parcels, and not 
in bags; while others, like washing soda, 
evaporate. 
autions in Trading. In view of the 
requirements of the law, it is well to bear in mind 
that oils and other goods are sometimes adul- 
terated, so that the retailer handling them 
may incur risk quite innocently. Particular 
vare is necessary in seeing that oils intended for 
consumption as food, or with food, are vegetable, 
and not to any extent mixed with mineral oils. 
A guarantee of genuineness should therefore 
always be insisted upon when buying such oils. 
If “ sweet’ oil be asked for, mineral oil must 
on no account be supplied. If “olive” oil 
be demanded, cotton-seed oil will not serve as a 
substitute. If the retailer is at all doubtful 
of the genuineness of his “olive” oil, he should 
sell-it only as “salad ”’ oil, or he may be caught 
when he least expects it. In regard to vinegar, 
again, if “malt” vinegar be asked for, malt 
vinegar must be supplied, and not acetic acid 
or wood vinegar. Note that tinned goods are apt 
to deteriorate sometimes, although when proper 
yore they may keep for years onaltered. 
tock of this kind should be carefully inspected 
at regular intervals for the discovery of “‘ blown ” 
or puffed-out tins, this puffing being the result 
of the formation of gas from the decomposition 
of the contents. It goes without saying that 
Psuch tins should be immediately withdrawn from 
the stock ; indeed, it is not safe to keep them on 
the premises, since discovery by an inspector would 
involve the retailer in ap ce before the 
magistrate to answer a charge of having unsound 


food in his ‘possession. Washing again, 


is an article that has involved oilmen in trouble, 
owing to its adulteratidn with Glauber salts— 
which “won’t wash.” The leading firms are 
usually willing to analyse doubtful samples. 

Oil-shop Sundries. These include a 
bewildering variety of such goods as metal 

lishes, boot polishes, blacklead, bathbrick, 
urniture polishes, inks, blues, cements, glue, 
size, ete. Qilmen often have such article: 
made and put up for themselves. Many useful 
recipes will be found in the ‘“ Practical Grocer,” 
already named, and in “* Law’s Grocer’s Manual” 
(Gilbert and Rivington, Ltd.) ; while a number 
of collections of the kind are issued by the pro- 
prietors of the “Oil and Colourman”’ and 

* Oils, Colours, and Drysalteries.”’ 

Staff. Managers of branches in London 
expect about 30s. per week salary and rooms 
for branch doing £20 a week; 35s. for shop 
doing £20 to £30; 40s. for shop doing £30 
to £50; above this 1} per cent. extra. The 
wages of assistants are usually: First hands, 
25s. to 30s.; second hands, 2ls. to 25s. ; 
porters, 20s.; boys, 10s. a week. A little 
extra is sometimes given as good-conduct 
pay if all orders are delivered in reasonable 
time and without complaints from customers. 
In some instances the rules specify : Shops opened 
at 8 a.m., closed 9 p.m.: Thursdays, 2 p.m.; 
Saturdays, 10 p.m. ; branches have check tills, 
and the manager is responsible for the takings, 
with a percentage on net profits ; managers, assist - 
ants and boys wear white coats and aprona, and 
boys sometimes have caps with the proprietor’s 
name upon them. Managers render an account 
once a week of takings, expenses, and goods 
received and returned. Yard and cellars are 
cleaned and trucks washed weekly. 

Proprietary Goods. It may be useful 
to the beginner to note that, if he has not suffi- 
cient practical knowledge of such departments as 
paints to handle material in bulk, he may still 
make a fair show, 80 many articles dealt in by 
the oilman and grocer being now put up by 
the manufacturer as proprietary articles, ready 
packeted or canned, with full directions for 
use. The number of such proprietary goods 
included in the list of some retail stores literally 
runs into thousands. Soaps, candles, ready- 
mixed paints, oils, matches, blaskiing: and similar 
sundries, firelighters, screws, tacks, pickles—it 
is difficult rather to say what is not packed than 
what is. Moreover, the retailer may himself 
possess proprietary brands if he chooses, a number 
of firms laying themselves out for this class of 
business. Needless to say, the profits on proprie- 
tary articles not the rétailer’s own brands are 
commonly exiguous, and with many of them 
there is no small trouble, owing to the various 
schemes of present-giving, coupon distribution, 
and so on, which are adopted by the proprietors 
to push their with the public and create a 
demand which almost compels the retailers to 
stock them. A large number of the most 
important, however, are now protected by the 
Proprietary Articles Trade Association, which, 
secures to the retailer his fair profit. 
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By Dr. A. J. HERBERTSON, M.A., and F. D. HERBERTSON, B.A. 


AMERICA, or the New World, consists of two 
great peninsulas— North America (8,000,000 
sq. miles) and South America (7,000,000 sq. 
miles), united by the long, narrow isthmus of 
Central America. 
NORTH AMERICA 

At the Isthmus of Tehuantepec, which may be 
taken as the southern limit of North America, the 
distance across is 130 miles. Rather less than 
4,000 miles due north is Cape Murchison, the 
most northerly point of the mainland. The 
maximum breadth of the continent is about the 
same. The whole of the north, except Alaska, is 
British, forming the self-governing colonies of 
Canada and Newfoundland. South of Canada is 
the Republic of the United States, to which 
belongs Alaska. South of the United States 
is the Republic of Mexico. 

Oceans, Seas, and Gulfs. Thc northern 
shores are washed by the Arctic Ocean, the 
western by the Pacific, and the eastern by the 
Atlantic. An archipelago of islands stretches 
acrogs the Arctic Ocean north towards the Pole, 
and east towards Greenland, which is separated 
by Baffin Bay from the North American main- 
land. In the extreme north-west, America is less 
than 40 miles distant from Asia across Behring 
Strait. The Aleutian Jslands, off Alaska, con- 
tinue the island fringe of Eastern Asia. 

The coast of North America is much indented. 
On the Atlantic coast, which has marginal low- 
lands, are (1) Hudson Bay; (2) the Gulf of the 
St. Lawrence, entered north or south of the 
island of Newfoundland, and leading to the 
great lakes of Ontario, Erie. Huron, Michigan, 
and Superior; (3) the Gulf of Mexico. The 
latter, with the Caribbean Sca, which is almost 
cut off by the island of Cuba, is sometimes called. 
the American Mediterranean. The islands which 
define its eastern limits are the West Indies. 
Let us look out all these on a map, and notice 
the names of the straits leading to them. On 
the Pacific coast, which is bordered by high 
mountains, there are fiords in the north like those 
of Western Scotland or Norway in the north- 
west. In the south is the Gulf of California, the 
largest gulf on the Pacific coast. It may be 
contrasted with the Atlantic gulf. 

Mountains. The highlands and lowlands 
of America are arranged in parallel belts. Along 
the whole length of the Pac.fic coast runs a 
continuous belt of broad high mountains, 
sometimes called the Cordilleras. These sink 
in the east to a broad, rolling plain, which 
extends from the Arctic Ocean to the Gulf of 
Mexico. Two breaks occur in its surface, which 
elsewhere slopes imperceptibly but uniformly 
from west to east. The first of these is the 


region west of Lake Superior. Though nowhere 
over 2,000 ft. high, it gives rise to tho St. 
Lawrence, flowing due east to its gulf; the 
Massissippi, which flows almost due south across 


. the central lowland to the gulf; and the Red 


River, which flows north to Lake Winnipeg. The 
socond is the Ozark Mountains, which separate 
two of the parallel tributaries of the Mississippi 
which rise in the east. In the east the Central 
Lowland gradually rises to the Atlantic or 
Eastern Highlands, which, under various local 
names and with some breaks, can be traced from 
Hudson Bay almost to the Gulf. North of tho 
St. Lawrence they are known as the Labrador 
Highlands, south of the St. Lawrence as the 
Appalachian Highlands. These highlands fal! 
steeply on the east to the Atlantic lowland, which 
widens towards the south, and is connected round 
the south of the Appalachians with the central 
lowlands, there forming what is often called the 
Gulf Coastal Plain. 

Rivers. From this arrangement of high- 
lands and lowlands it follows that we shall have 
a series of (1) short rivers flowing west to the 
Pacific ; (2) long rivers from the castern slopes 
of the western mountains, flowing east or south ; 
(3) long rivers from the gentler west slopes of 
the Appalachians, flowing west; and (4) short 
Atlantic rivers from the steep castern slopes of 
the Appalachians, The rivers fiom the central 
heights have already been named. 

The longest ot the Pacific rivers flow for con- 
siderable distances parallel to the mountain 
chains. Of these, the chief are the Yukon, 
flowing to Behring Strait in a long, narrow valley 
parallel to the coast; the Fraser and Snake- 
Columbia, flowing to the Pacific from the centra] 
rogion of the western mountains; and the 
Colorado, flowing to the Gulf of California. 

The northernmost of the long rivers flowing 
east is the Mackenzie, flowing with a course 
nearly parallel to that of the Yukon through 
Athabasca, Great Slave and Great Bear lakes 
to the Arctic Ocean. Parallel to its upper valley 
are those of the Saskatchewan, which flows east 
to Lake Winnipeg, and thence, as the Nelson, to 
Hudson Bay, and those of the great rivers which 
flow east to the Mississippi, the Missouri, Platte, 
Arkansas, and Red River. The Mississippi also 
receives the waters of long west-flowing rivers 
from the eastern Appalachians, which are 
gathered up and carried to it by the Ohio. Of the 
short, rapid rivers of the Atlantic seaboard the 
most important are the Connecticut, Hudson, 
Delaware, James, Potomac, Susquehanna, and 
Ajabema. ; 

Ease of Water Communication. No 
other continent has such admirable facilities for 
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water communication. North America is covered 
by a.network of lakes and rivers, separated by 
inconsiderable distances, permitting easy water 
communication in all directions. The Great 
Lakes, with the St. Lawrence, open up the very 
heart of the continent. Lake Erie is quite near 
the Ohio tributary of the repress Lake 
Superior is even nearor to (1) the Winnipég- 
Nelson system of lakes and rivers; and (2) the 
Mississippi. A very short canal thus gives through 
communication between the Gulf of St. Lawrence 
and the Gulf of Mexico. The source of the 
Mississippi is‘only a few miles distant from 
that of the Winnipeg or Northern Red River, and 
the three systems, St. Lawrence, Northern Red 


River, Nelson, and Mississippi may almost be ° 


regarded as one great system, linking together 
the three great Atlantic gulfs. The Mackenzio 
is easily reached from the Saskatchewan, thus 
giving access to the Arctic Ocean ; but as it is 
frozen for many months of the year, this is of 
little practical importance. 

The Western Mountain System. It 
is impossible in our limited space to study this 
cree system in detail. In the east, the lofty 

ocky Mountains rise steeply from the plains. 
West of these are a series of plateaux, or basins, 
and west of these again another series of ranges, 
locally known under different names. An outer 
coastal range is less well marked, but can be 
traced on the mainland and bordering islands. 

The basin of the Yukon is separated from the 
Mackenzie by spurs of the Rockies. West and 
south of the valley are two parallel volcanic 
ranges, the northern forming the mountains 
of Alaska, which are connected through the 
Aleutian Islands with the volcanic highlands of 
East Asia. Mount McKinley is the hig) est point 
in North America north of the Yukon. The 
southern range is a labyrinth of glacier-filled 
valleys and snow peaks rising precipitously 
from the sea, the highest being St. Elias (18,000 
ft.) and Logan (19,700 ft.). Over the wild 
southern mountain chain difficult passes, closed 
by snow for many months, lead to the gold- 
mining districts of Klondike and other centres in 
the Yukon basin. 

British Columbia. British Columbia is 
a high, rugged plateau enclosed between the 
Rockies on the east and the Northern Cascades 
on the west. Beyond the Cascades a coastal 
range appears in the islands of Queen Charlotte 
and Vancouver. Where they are crossed by 
the Canadian Pacific Railway the Rockies 
are a broad system, consisting of the Summit, 
Selkirk, and Gold ranges. These parallel ranges 
are separated by long valleys in which flow 
the tributaries of the rivers running west. The 
easternmost or Summit range of the Rockies 
rises in sheer cliffs or escarpments above the 
plains, towering up in rock walls 3,000 or 
5,000 ft. high. The highest summit, Mount 
Columbia (14,000 ft.), overlooks the sources 
of the Athabasca, flowing to the Mackenzie, the 
Saskatchewan, flowing to Hudson Bay, and the 
Fraser and Columbia, flowing to the Pacific. 
Many peaks rise to 12,000 ft., and vast glaciers 
and snowfields feed the rivers. The forests are 
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much thinner than in the Selkirks, whose fine 
combination of forest, glacier, and snow peak 
has earned the title of the Switzerland of 
America. The. Gold and Cascade ranges are 
lower, and forested almost to their summits. 
Across these ranges, which presented great 
difficulties to the railway engineers, the rivers 
have cut deep, gloomy cajions in ‘which a raging 
river boils along at the base of perpendicularly 
steep walls of rook. 

. Western Mountains of the United 
States. The Rockies and Cascades continuo 
south into the United States, diverging as they 
go. The Rockies become an intricate system 
of  aalita te ranges, which enclose high intermont 
valleys, locally called parks. They form the con- 
tinental divide between the Atlantic and Pacific 
rivers. Within a relatively small area are the 
sources of the Missouri and Yellowstone tribu- 
taries of the Mississippi, the Snake tributary of 
the Columbia, the Green and Grand head strcams 
of the Colorado, and the Rio Grande del Norte. 
There are spots on the Divide where the sources 
of two streams, one flowing to the Atlantic, the 
other to the Pacific, are hardly 200 yards apart. 

The Yellowstone Park. The finest of 
these parks, set apart for national] enjoyment, is 
the Yellowstone Park, some 75 miles square, 
situated on the Great Divide, about 7,000 ft. 
above the sea. Surrounded by an amphitheatre 
of mountains, and containing magnificent cas- 
cades, beautiful lakes, many geysers, hot springs, 
and wonderful coloured sinter terraces, it forms 
a natural museum unique in the world. 

Far surpassing everything else in beauty is 
the Yellowstone Cafion, into which the river 
falls over the famous Yellowstone Falls. In 
places the walls of the cafion are 1,500 ft. high, 
while the width of the chasm is only half a mile. 
It has been cut down by the river through pale 
yellow or pinkish rocks, and the rocks do not 
weather uniformly. All along the cajion walls 
the harder parts project in a series of massivo 
fretted buttresses and jagged pinnacles of the 
most fantastic shapes. “The whole gorge is 
painted in the most brilliant hues, from pale 
lemon yellow to deep orange, streaked with 
warm vermilion, crimson and purple, which, 
mingling with the deep peti of the pines that 
clothe ‘the brink of the chasm make up a picture 
of transcendent beauty.” 

Somewhat similar cafions are cut by the 
rivers south of the Yellowstone, where Long’s 
Peak and Pike’s Peak are both over 14,000 ft. 

Idaho, Utah and Colorado. West of 
the Rockies lies the lava desert of Southern 
Idaho, cloven by the deep gorges of the Snake 
and Columbia Rivers. In their descent they Bd 
over many falls, of which the Soshone Falls 
of the Snake are the finest. South of the Snake 
is the Great Basin, a district as large as France, 
whose waters flow to the Great Salt Lake, 
and other .basins without an outlet. The 
surface is covered with short ranges of tilted 
block mountains, varied in colour and bare 
of vegetation. . Between these are wide valleys 
covered with dry scrub, or with nitrates and 
other alkaline deposits. . Under irrigation the 
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soil is very fertile, and the region round Salt 
Lake City is a veritable garden. The Wahsatch 
Mountains separate the Great Basin from the 
Colorado plateau to the east. This region 
consists of high arid plateaux, above which 
rise table-shaped mesas, or steep-sided pinnacle- 
shaped buttes. The Colorado and its tributaries 
flow in cafions similar to that of the Yellowstone 
but on an infinitely vaster scale. Tho Marble 
Cafion in the Painted Desert of Arizona, and the 
Grand Cajion of the lower Colorado, 300 miles 
long and in places a mile deep, are the most 
wonderful. This extraordinety region long 
bafflod Fh preen and is still imperfectly 
known. All these regions are ‘arid, and bare of 
vegetation. West of the Colorado, in the lee of 


the Sierra Nevada, the country becomes a desert, 
where such names as Death Valley, a region of 
enormous mineral wealth, tell their own sinister 
tale. It is a land of burning sands, weird, 
distortedcactus vegetation, mirage and thirst. 
The Western Rampart. The western 
rampart of these vast plateaux and basins is 
formed by the Southern Cascades, the Pacific 
slopes of which are densely forested. By inter- 
cepting the rainy winds they produce the arid con- 
ditions just described. Of many volcanic cones the 
finest are Tacoma, Hood, and Shasta (14,500 ft.), 
beyond which the system is continued south 
by the Sierra Nevada. Across the Southern 
Cascades there is only one natural route, the 
gorge of the Columbia, which cuts its way to 
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the sea between great basaltio cliffs in places 
2,000 ft. high. The Sierra Nevada contains many 
poaks over 13,000 ft., whose snowy summits 

ve suggested Its name. Hidden between its 
parallel ranges is the Yosemite Valley, one of 
the beauty spote of the world. It is enclosed 
between rock walls of stupendous height, over 
which the rivers leap in magnificent cascades, 
the wonderful panorama of crag, forest, and 
cascade being mirrored in the lovely lakes of 
the valley floor. Between the Cascades and the 
Coast is the fertile Willamette valley of 
Oregon, whose northern extremity forms Puget 
Sound. Between the Sierra Nevada and the 
Ooast range is the rich valley of California, 
drained by the Sacramento, 

In Mexico, the Rocky Mountains are continued 
by the eastern, and the Sierra Nevada by the 
western Sierra Madre. These form the margins 
of the Mexican plateau, which rises to the south, 
where the Sierras converge to a great volcanic 
chain, containing many lofty snow-clad active 
and extinct volcanoes. The highest are Popo- 
catepetl and Orizaba (18,000 ft.). Beyond this 
the mountains sink gradually to the Isthmus of 
Tehuantepec, which is less than 500 ft. high. 

The Great Piaine. The central plains 
of North America extend from the Arctic to the 
Gulf of Mexico. In the extreme north they are a 
tundra region, covered by a network of lakes. 
This passes at the south into forests, and these 
in turn into grasslands. In the United 
States the eastern forests have been largely 
cleared, and rolling treeless prairies form a 
monotonous landscape. Some unfertile tracts 
occur, such as the Bad Lands of South Dakota, 
and the Staked Plain of Texas. Along the 
Gulf of Mexico the plain is of alluvial formation, 
and fringed with swamps and lagoons. The 
peninsula of Florida consists of porous limestone, 
through which the rivera sink. The southern 
part forms the Everglades, a region of forested 
waterways and islands. The Atlantic plain is 
wide and swampy in the south, but becomes 
narrow in the north. 

The Appalachians. These stretch from 
Newfoundland to within 200 miles of the Gulf, 
averaging 450 miles in width. Newfoundland, 
an island of Jow mountains and many lakes, is 
cut off by the Gulf of St. Lawrence from the 
very similar New Brunswick and Nova Scotia. 

In the United States the rugged New England 
Highlands are separated by the Hudson valley 
from the Appalachian ranges, in the narrower 
sense of the term. The Appalachian system, 
which is in reality a very ancient plateau dis- 
sected out in the course of ages inte parallel 
ranges separated by long narrow parallel ete 
becomes higher, broader, and more rugged. To 
the east is the Blue Ridge, and to the west the 
Alleghany Plateau. The structure of the region 
in its present form is very complicated. The 
ranges have local names, which can be looked 
out on the map. 

These broad, rugged, and densely forested 
highlands long prevented the westward exten- 
sion of colonisation. The rivers descending from 
the eastern slopes, which front the Atlantic plain 


4064 


as steep escarpments, did indeed lead to excellent 
passes, but these gave access only to trough-like 
valleys, beyond which rose a barrier similar to 
that just crossed. Population for 150 years 
moved up and down these valleys, but could not 
push westward into the central plains, except in 
the north, where the only natural break across 
the entire breadth of the highlands occurred. 

The Gateway of the Appalachians. 
This gateway of the Appalachians was the 
Hudson valley, a great natural opening shut 
in by the escarpments of the plateau on either 
side. Nowhere 200 ft. high, and occupied by the 
Hudson and Lake Champlain, it opened a natural 
route to the St. Lawrence, and thence by the 
great lakes to the west. The importance of this 
route is shown by the enormous prosperity of 
the cities founded at its terminal points—New 
York and Montreal. 

A still more direct route to the great lakes 
and the west opens from the Hudson, by the 
valley of its tributary, the Mohawk, which leads 
west to the lowlands eround Lake Ontario. 
“Seen from the railway, which follows it, the 
valley appears to be a trench about 500 ft. deep, 
with moderately steep sides, and an average 
width of half a mile. Seen more truly from 
above the bordering uplands, it is a vast gap, 
1,500 to 2,000 ft. deep, and several miles wide 
in its higher part,” cut across the entire breadth 
of the plateau. The Mohawk valley, which 
commands the great route to the west, is followed 
by the New York Central Railway to Buffalo. 
“* There is not a difficult grade or an embankment 
or a trestle of any importance between New 
York and Buffalo (490 miles), and with slight 
exception, this holds good from Buffalo to the 
Rockies. Two thousand miles of splendid 
country are made tributary to the harbour of 
New York through this river gateway.” 

Climate. In a continent nearly 4,000 miles 
Jong we have every kind of climate, from 
polar to tropical, modified by elevation and 
distance from the sea. If we look at a map of 
the January isotherms, these show the same 
southward sweep from west to east as in Europe. 
Thus a great part of the continent has frost for 
longer or shorter periods in winter, and the 
centre of the continent, in the latitude of Central 
Italy, is as cold as Iceland. South of 35° N., 
there are no winter frosts. Florida and Cali- 
fornia have a January like that of Egypt, and 
the tropical lowlands of Mexico have a January 
temperature of 70° F. 

In summer the isotherms are bent notfth. 
Over most of the mainland the summer tempera- 
ture is not below 50° F. ‘The isotherm of 60° F., 
which crosses central England, traverses North 
America at the southern end of Hudson Bay, 
and runs north as we go west. The same regions 
which have very severe winters have thus 
warm summers. The isotherm of 70° F. strikes 
the west coast in about latitude 30°N., and 
runs almost due north for 20 degrees and then 
crosses the continent, South of latitude 30° the 
summers are hot, especially in the interior, where 
the lands in the: lee of the Rockies are cut off 
from cooling ocean winds. 


Rain falls abundantly on the Atlantic coast 
from Labrador southwards, and south of New- 
foundland at allseasons. The rainfall diminishes 
slowly but steadily as we go west, and becomes 
extremely scanty west of the Mississippi, where 
the lands in the lee of the Rockies have a 
very dry climate. The west coast has abundant 
rain, especially in the north, where it falls at all 
seasons. Further south is California with 
winter rains, or a Meditcrranean climate. In 
the trade wind area, the rainfall diminishes, 
and this explains why in the lee of the southern 
Rockies rainless deserts are found. If the 
continent were here broad like North Africa, 
instead of narrow, we should have a Sahara. 
As it is, we have desert resembling tho 
Kalahari. 

Vegetation. The vegetation of Arctic 
North America is of the familiar tundra type. 
Much of this region, especially round the northern 
part of Hudson Bay, has the expressive name 
of the Barren Grounds. Vegetation consists of 
moss and lichens, or of low berry-bearing bushes, 
with stunted trees in protected spots. To the 
south it passes gradually into poor woodland, 
the birch being found as far north as any of the 
conifers. In winter the tundra is frozen, and in 
spring, when the rivers are melting, it is flooded. 
Only in summer does it tempt north the caribou 
—the American reindeer. The caribou has never, 
like the reindeer, been domesticated, and there 
is consequently no summer migration of popula- 
tion north, as in the Old World. The Indian 
hunter, indeed, follows the trail of the caribou, 
but only for purposes of destruction. In the 
worst parts of the Arctic region, however, where 
vegetation practically ceases, we get the interest- 
ing Eskimo people, who live by slaying the 
creatures of the Polar Seas—bear, walrus, whale, 
etc., and show great gey in supplying all 
their wants from these animals. 

Forests and Steppes. Forests succeed 
the tundra, both in east and west. Thousands 
of square miles are covered with virgin 
forests, containing magnificent timber This 
gives rise to the important industry of lumber- 
ing. When the forest streams are frozen in 
winter, the lumbermen start for the woods, 
where they remain for several weeks, felling 
trees and dragging them over the firm frozen 
ground to the banks of the streams. When 
these thaw in spring, the swollen current whirls 
along its burden of Jogs to one of the great 
timber or lumber centres, where innumerable 
Saw mills, turned by the river, soon trans- 
form the lumber into timber, wood pulp, etc. 
Beyond the forests, in the dry centre of the 
continent, we find the dry steppes or grass lands, 
generally called the prairies. Where the rainfall 
is sufficient for cereals, wheat is grown in the 
north and maize further south. The dry western 
prairies are used for cattle breeding. Many 
thousands of acres go to form a cattle ranche, 
on which thousands of head of stock run in a 
semi-wild condition. 

The belt of desert in North Amcrica is relatively 
small. Neither savanas nor tropical forests are 
found, except in parts of Mexico and Florida. 
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Occupations. Hunting is the only means 
of livelihood for the Eskimo of the Arctic Ocean, 
Hudson Bay, and Greenland. The trapping of fur 
animals is important on the tundra and forest 
margins. Large herds of buffalo once roamed the 
prairies, and were hunted by numerous Indian 
tribes, but the white man exterminated them 
with more than savage recklessness. 

In the forests, lumbering is important, and 
supports such industries as saw-milling, pulping, 
paper-making, etc., in the towns on the forest 
margin. In the eastern prairies wheat is grown on 
@ vast scale. Flour-milling is important in towns 
adjacent to the prairie wheat belt. Further west 
stock raising or ranching suits the drier climate 
better. It Jeads to an 1mmense trade in meat 
and other animal products. All the western 
mountains are rich in minerals, and mining is 
important in many parts. The sea fisheries of 
both the east and west coast are very valuable, 
especially in Canada and Newfoundland. The 
northern rivers of the Pacific slope teem with 
salmon, which are canned in immense quantities. 

The industries of the towns are very varied. 
Manufactures are carried on with cheap water 
power in many of those of the east, especially 
in the United States at the base of the Appa- 
lachian highlands and on the coalfields. 

Races. The original Indian inhabitants are 
now comparatively few in number, and confined 
to the tundra, the forests, or their own reserva- 
tions. The modern Amcrican is of European 
descent. Except in the lower St. Lawrence basin 
British blood predominates in Canada, as well 
as in the United States, though all European 
nations are wel] represented. Spanish blood 1s 
pre-eminent in Mexico, where Spanish is spoken, 
and the religion is Roman Catholic. The rest 
of the continent is English speaking and mainly 
Protestant Negroes of African descent are 
numerous in the southern United States, and 
Chinese have scttled on the Pacific coast. 


CANADA 


Let us look out in a map the fronticrs of 
Canada, noticing that its boundary with the 
United States 1s quite artificial. Of its total 
area (3,460,000 sq miles), large portions are of 
little value. Its natural advantages include 
(1) vast forests, supplying timber, an asset of 
ever increasing value ; (2) immense and fertile 
wheat lands ; (3) great mineral wealth, including 
the rich Klondike goldfields of the Rockies ; 
(4) valuable fisheries ; (5) an unrivalled serics of 
natural waterways; (6) a healthy, bracing 
climate, stimulating to exertion. 

British Columbia. This, the Switzerland 
of Canada, is the largest province of the Dominion 
(383,000 sq. miles). It has an equable climate, 
with much rain in the west. Its mountain 
scenery is among the finest in the world. The 
mountains provide two valuable sources of 
wealth—minerals and timber. There are gold 
mines round Rossland, in the rich Kootenay 
district. Thick seams of fine steam coal occur 
near the Crow’s Nest Pass, much of which 
is sent west to the Pacific ports, and east to the 
plains. Mining towns are continually springing 
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up in all directions. The rivers, which are 
navigable only for a short distance above their 
mouths, teem with salmon, the canning of which 
is @ flourishing industry. The sea fisheries off 
the Pacific coast, whose fiords recall those of 
Norway, are also valuable. The most important 
city on the mainland is Vancouver, whence 
lines of steamers sai] to China, Japan and Aus- 
tralia. The capital is Victoria, on Vancouver 
Island, near the naval station of Esquimalt. 
The Nanaimo coal mines in the vicinity are 
extremely important. 

Arctic Canada. Round the Arctic Ocean 
and Hudson Bay lic the thinly-peopled districts 
of Yukon, Franklin, which includes the Avctic 
islands, Mackenzie, with its great lakes, Kee- 
watin, the cold “land at the back of the north 
wind,” and Ungava. The surface is tundra, or 
thin forest country, the home of many fur- 
bearing animals. Along the coast live a few 
Eskimos, but the bulk of the inhabitants are 
Indian hunters. A few white men are found at 
the trading posts scattered along the margin of 
the hunting grounds. Winter laste several months, 
and then all travel is performed by dog teams 
or on snow-shoes. In summer, light bark canoes 
are used on the numerous rivers and lakes. There 
are no towns. 

SasKatchewan and Alberta. These 
provinces are in process of settlement. Most of 
their surface is prairie land, though certain parts 
are wooded. In Eastern Saskatchewan are fertile 
wheat lands, the area of which is growing rapidly. 
In the drier districts of South-western Alberta 
ranching is important. Warm chinook winds 
descend from the Rockies and melt away the 
snow, so that stock can forage for themselves 
for a great part of the winter. These terri- 
tories are rich in minerals. Coal is widely 
distributed in Alberta, and is mined for 
local consumption, helping to make up for 
the lack of tamber. Petroleum is said to be 
wbundant in the north. Towns are few as yet. 
Regina is the capital of Saskatchewan, and (al- 
gary of Alberta. Medicine Hat, an important 
station on the Canadian Pacific line, 1s in a 
ranching district. Edmonton, in North Alberta, 
in an extensive agricultural district, is the largest 
fur market in North America. Lethbridge has 
large coal mines. 

Manitoba. The lake province of Manitobe, 
in the centre of the continent, lies partly in the 
prairie wheat belt and partly in the forest country, 
where lumbering is important. In the agricul- 
tural districts wheat is the mainstay, but dai 
farming and the fattening of hogs and sino 
are rapidly becoming important. ‘ Formerly, if 
an early frost damaged a farmer’s wheat, he sold 
it at about half price, and lost heavily. Now he 
feeds his hogs with it, and in the end the return 
is almost as great as it would have been from 
the uninjured wheat.’’ Manitoba is thus at a 
higher stage than the provinces just described, 
where the prosperity of a whole district depends 
on & single staple. The capital is Winnipeg, a 
great railway centre, with excellent facilities 
or water communication in all directions. In 
autumn the railway traffic is enormous, as the 
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whole wheat harvest of the prairies has to be fo1- 
warded to the eastern markets. Winnipeg hasan 
important university, and is rapidly becoming 
the political, social, educational, and com- 
morcial capital of the west. The other con- 
siderable towns are Brandon, a wheat market, 
and Portage la Prairie, with flour mills. 

Farming in the Great West. In the 
wheat-growing prairies ploughing begins in 
autumn, and goes on steadily till stopped by the 
frosts of November or December. In April, wheat 
is sown first, when the soil is still moist after the 
thaws. The early summer months may be spent 
in breaking up new fields in the virgin prairie, 
or in the care of dairy and other needful farm 
work. The hay harvest is carried in July, and 
if cattle are extensively kept, there will be a 
maize harvest to get in for winter fodder for 
the dairy cows. ‘‘ As the wheat begins to head, 
the western farmer casts many an anxious glance 
at the weather, for occasionally a late frost comes 
and damages his crop. In August the wheat is 
ripe and the harvest begins. The grain is rapidly 
cut and bound by machines called binders, In the 
east it is stored in barns, to be threshed later, 
but in the west the crop is too heavy for this, so 
it is hauled to a stack, and piled ready for the 
threshers. Just before cutting, the western wheat 
fields present a lovely picture. As far as the eye 
can reach the grain waves and ripples in the 
warm summer breeze like a sea of gold.”’ 

As soon as the grain is cut and stacked comes 
the threshing. In the west, farms are far apart 
so a threshing gang travels with the threshing 
mill. The gang sleep in a large van. This is 
taken from place to place by the traction 
engine, which draws the threshing machine and 
supplies the driving power when the mill is at 
work. As the hum of the threshing mill begins, 
the scene is a lively one. Every man has his 
appointed place, and the stack of grain grows 
rapidly smaller as the pile of straw heaps up, 
and the sacks are filled with the bright clean 
grain. As soon as threshing is over the farmer 
hauls his grain to the nearest railway station, 
where it is sold and stored in the elevator 
ready for transport to the east over the Canadian 
Pacific Railway. 

Ontario. Ontario (222.000 sq. miles), the 
richest province of Canada, larger than Germany, 
lies between the great lakes and James Bay, 
a guif of Hudson Bay. The northern climate 
is dry, bracing and extreme; but the neigh- 
bourhood of the great lakes makes Southern 
Ontario moist and rather encrvating. Ontario 
is a region of lower chills, lakes and rivers, 
many of which have falls. The north is 
densely forested, supplying valuable lumber. 
The Ottawa river brings down enormous quan- 
tities to be sawn in the innumerable saw mills 
turned by the Chaudiére Falls. The southern 
part is cleared and dotted with towns and 
villages at short intervals. 

The occupations of Ontario are numerous and 
varied. Lumbering in the backwoods makes 
saw milling, pulping, and other methods of 
working up timber important. Southern Ontario 
is a farmer’s country. Unable to compete with 
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the wheat lands of the virgin west, farmers 
find dairy and mixed farming mite pronteDie: 
and cheese and butter are produced in enmer- 
mous quantities. The Lake peninsula, between 
Huron and Erie, is a land of orchards, where 
every kind of fruit is grown, especially peaches 
and grapes. Wine is made in considerable 
quantities. Special fruit trains run from this 
district in the season, supplying cheap fruit 
to the large cities of Canada and the United 
States. Round Lake Huron are deposits of 
salt and mineral oil. Nickel is abundant round 
Sudbury, and copper north of Lake Superior. 
Other minerals, including gold and iron, are 
probably widely distributed though unworked. 

Industries. The fisheries of the great 
lakes employ large numbers of persons, and 
fish trains with refrigerating cars distribute the 
fish to inland centres. 

Manufactures, carried on by water or electric 
power, are developing, and include textiles, 
railway plant, brewing, distilling, etc. Hamilton, 
on Lake Ontario, is a manufacturing centre. 

Toronto, the provincial capital, with a univer- 
sity, is a handsome town with a good harbour 
on Lake Ontario. The Dominion capital, 


supplied by the falls generates electricity for 
lighting Buffalo, in New York State, and for 
industrial purposes. 

Towns. Quebec (347,000 sq. miles) was 
founded by French settlers, and many of the 
inhabitants are French speaking and of French 
descent. The province, which is half as large 
again as Ontario, is densely forested, and lum- 
bering is a leading industry. Agriculture and 
fishing are also very important. Minerals are 
abundant, except coal. There is, however, 
ample water power, and manufactures will be 
carried on by eleetric power. 

The largest city is Montreal, with excellent 
communication by river, rail and canal. It 
is built at the foot of Mont Royal, and has many 
fine buildings. The shores of the St. Lawrence 
are lined for miles with wharves, from which 
are shipped the wheat, timber and dairy 
produce of the Dominion, and to which imports 
of all kinds are brought. The manufactures of 
Montreal are growing rapidly. Quebec, the 
capital, is one of the oldest cities in America. 
Its commanding situation on cliffs above the 
broad river makes it the Gibraltar of the St. 
Lawrence. Hull, on the Ottawa opposite 





141. THE CANADIAN PACIFIC RAILWAY 


Ottawa, a great lumber centre, is tinely situated 
at the foot of the Chaudiére Falls. It is con- 
nected by the Rideau Canal with Lake Ontario. 

Ontario is well situated for commerce. Rail- 
ways run in all directions, and there are many 
excellent harbours on the lakes. Canals have 
been cut to avoid the rapids between the lakes, 
the most important being the Soo, or Sault Ste. 
Marie Canal, between Huron and Superior, 
where an industrial town is growing up. The 
tonnage which passes through the canals on the 
Canadian and United States sides of the rapids, 
in spite of being frozen five months every year, 
exceeds that of the Suez Canal, so enormous 
is the volume of trade carried by this magnificent 
system of inland waterways. 

Niagara Falle, Lakes Erie and Ontario 
are connected by the short Niagara river, on 
which are the famous Niagara Falls. The 
river is a mile wide where it makes its great 
feap sheer down 160 ft. into the narrow boiling 
ravine below, down which its waters surge to 
Ontario. There are practically two distinct 
falls, separated by an island. e fall on the 
Canadian side is the -Horseshoe Fall, a little 
lower than the American fall. The power 
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Ottawa, and Sherbrooke Montreal are 
manufacturing towns. 

New Brunswick. The maritime pro- 
vince of New Brunswick (28,000 sq. mules) 
has immense forests. which are often ravaged 
by disastrous fires. Much lumber is cut in 
winter, flcated down in spring, and sawn and 
worked up in summer. Minerals are abundant, 
but hardly worked; the fisheries, however, are 
extremely valuable. The south and east are 
settled, but the towns are small. The capital 
is Fredericton, at the head of the tidal waters 
of the St. John river, at the mouth of which is 
St. John. This port is “never closed by ice, 
and in winter it is the shipping port of the 
Canadian Pacific Railway. 

Nova Scotia. Nova Scotia (20,600 sq. 
miles) consists of the Nova Scotia peninsula 
and Cape Breton Island. It has high hills and 
broad valleys, with many lakes and rivers. The 
climate resembles that of England, but is more 
extreme. Atlantic fogs are common. The 
coast islands are rocky and poor, but the western 
valleys of the interior are famous for thei- 
apple orchards. Much of the country is forested 
and lumbering is important. Shipbuilding, 9 


near 


flourishing occupation before the nf of iron 
and steel, has declined, but will develop as the 
coal-mines and ironworks around ‘Sydney, on 
Cape Breton Island, increase their output. The 
fisheries are important. The capital is Halifax, 
with a magnificent ice-free harbour capable of 
holding the whole British Navy. 

Cape Breton Island somewhat resembles 
Scotland. Its occupations are lumbering, fishing, 
mining and shipbuilding. Sydney is the chief 
town. 

Prince Edward Island. This small 
island (2,000 sq. miles) owes much of its fertility 
to “‘ mussel-mud,” the decomposed remains of 
shell-fish, of which there are deposits many feet 
thick along the coast. The mud is raised by 
machinery and spread over the land, most 
of which is under cultivation. Dairy farming 
is important. Hay and potatocs are grown for 
the United States markets. The fisheries, 
especially of shell-fish, are very valuable. The 
capital is Charlottetown. 

Newfoundland. Newfoundland (42,000 
8q. miles) has been called the Norway of the 
New World. There is no little resemblance 
in the character of the island with its long 
fiords running inland between high walls of 
rock, but the mountains are very much lower. 
The chief occupation in both is fishing, sup- 
plemented by some farming. The Newfound- 
land fisheries are among the most valuable 
in the world. Three parts of the catch consist 
of cod, taken on the shores’ of Newfoundland 
itself, on the Great Banks a day’s sail away, 
and off the desolate Labrador coast, which is 
included in Newfoundland. Many vessels go 
north annually to the seal fisheries. 

Newfoundland is mountainous in the west, 
but flatter in the cast. The interior is forested. 
Both lumbering and shipbuilding are important. 
Minerals, especially copper, are abundant; tron 
18 exported to Canada from Bell Jsiand. Dairy 
farming and agriculture are develwping. ‘The 
oe is St. John’s. 

rans «- Canadian Railways. ‘The 
C.P.R., or Canadian Pacific Railway, crosses 
Canada from ocean to ocean. The Atlantic 
ports are Halifax and St. John, open all the year, 
wnd the summer ports of Quebec and Montreal. 
The Grand Trunk line is constructing a railway 
from Quebec to Port Rupert on the Pacific, 
north of the C.P.R., vié Winnipeg and Edmon- 
ton. <A network of lines covers the regions round 
the great lnkes, and connects with the lines of 
the United States, that by the Hudson to New 
York being the most important. 

The C.P.R. The trans-continental part of 
the C.P.R. begins at Fort William, on Lake 
Superior, whence the line runs west through 
& thinly forested region. About 50 miles from 
Winnipeg the country opens out into level 
prairie, covered over vast areas by wheatfields. 
At Winnipeg the sight of many miles of sidings 
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and innumerable elevators brings home to the 
traveller the magnitude of the harvest of these 
vast plains. Beyond Medicine Hat the line 
follows the Saskatchewan valley, and reaches 
Alberta in the ranching country. The distant 
Rockies appear on the horizon, and the line soon 
enters the foot hills. The ascent is made by the 
Bow valley, amid glimpses of fine forest, moun- 
tain and glacier scenery, to the summit of the 
pass (5,000 ft.). The descent on the opposite 
side is by the precipitous Wapta valley. ‘The 
railway follows the river, crossing from side to 
side, and clinging to the ledges of dizzy preci- 
pices.” In the first part of the descent thore 
is a drop of 1,150 feet in five miles, and in the 
steepest parts the speed is reduced to five miles 
an hour. At last the cafion opens to the broad 
valley of the Columbia, with a fine prospect of 
the Rockies on the one hand, and the Selkirks on 
the other, with their steep forested slopes rising 
to the glaciers and snow-peaks beyond [141]. 

A Wonderful Climb. This range is next 
crossed by a triumph of engineermg. The 
line turns up the narrow gorge of the Beaver, 
clinging to the sides of the mountains, and 
turning up side valleys till at Jast, between 
gigantic peaks, and in sight of imposing glaciers, 
the summit of the pass is reached (4,500 ft.). 
The descent to the valley of the Columbia, which 
has gone round the Selkirka while the line has 
crossed them, is made by the valley of the 
Illicilliwact, » descent almost as steep as that 
of the Wapta gorge. Those who have travelled 
in the Alps will form an idea of the skilful 
engineering devices employed—the winding 
tracks, the loops, and curves, used to reduce 
the sheerness “f the descent. Often as many 
as four tracks, one below the other, are in 
sight at once. At last, however, the Columbia 
valley is reached, and the line is carried across 
the Gold range by a low pass, which runs for 
many miles between vertical cliffs. Four 
beautiful lakes occupy the whole width of the 
summit level, and the Jine proceeds west by the 
Shoushwap and Kamloop lakes, to plunge at last 
into the gloomy Thompson cafion, from which it 
emerges to follow the wild cation of the Fraser. 

“Through this gorge, so deep and n«rrow in 
places that the sun’s rays hardly entcr it, tho 
black waters of the river force their way. We 
are in the heart of the Cascade range, and above 
the walls of the cajion we sec mountain peaks 
gleaming against the sky. Hundreds of fect 
above the river is the railway, notched into the 
face of the cliff, and continually crossing some 
deep chasm by a great viaduct, or disappearing 
into a tunnel through some projecting spur.” 
At last the caiion widens to a valley, meadows 
appear, farms and orchards vary the scene, and 
the sight of steamboats on the Fraser show that 
the great descent is over. The blue waters of 
the Pacific come in sight, and the train reaches 
Vancouver, the Pacific terminus. 


Continued 
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PERSONAL PRONOUNS-— continued 


Use of the Conjunctive Forms. The 
conjunctive forms of the personal pronouns 
may be combined together, and then the forms 
mi, ti, si, ct, vi, g%, are changed into me, fe, 
se, ce, ve, glie, when they occur with lo, la, 
le, li, ne, which they always precede. Gite is 
always written in one word with lo, la, le, li, ne, 
and, in this case, it stands for to him as well as 
for to her. Thus we have the following forms, 
which are placed before the verb. 


Mi, to me 
me lo, me la, it, him, her to me 
me li, me le, them to me 
me ne, of it, of him, of them, ctc., to me 


Ti, to thee 
te lo, te la, it, him, her to thee 
te li, te le, them to thee 
te ne, of it, of him, of them, etc., to thee 


St, to himself, ete. 
se lo, se la, it, him, her, to himself, ete. 
se li, se le, them to himself, etc. 
se ne, of it, of him, etc., to himself, ete. 


Ct, to us 

ce lo, ce la, it, him, her to us 
ce lt, ce le, them to us 
ce ne, of it, of him, ete., to us 

Vi, to you 
ve lo, ve la, it, him, her to you 
ve li, ve le, them to you 
ve ne, of it, of him, of them, ctc., to you 


Gli, to him ; le, to her 
gliclo, gliela, it, him, her, to him or to her 
ylicli, gliele, them, to him or to her 
gliene, of it, of him, of them, etc., to him, to her 


Nore. The forms glielo, gliela, glieli, gkele, 
gliene are also used for it, him, her, them, of it, 
ete., to them, and, as we shall see later, to you. 
Note here the forms cz, vt, there (e.9., ct sono, 
there are; vé sard, there will be), which in com- 
hination become ce, ve, with meanings that will 
be easily gathered from the following : 

ce lo troverete = you will find him there 
ce la troverete = you will find her there 
ce li troverete = you will find them there 
ce ne troverete = you will find some there 


EXxaMPLes: 1 Me lo promisero, They promised 
it tome. 2. Afe ne hanno parlato, They have 
spoken to me of it. 3. Ze lt daro, I shall give 
them to thee. 4. 7'e la mostrerd, I shall show 
_ her (or it] to thee. 5. Se li sono spesi, They 
have spent them themselves. 6. Ce ne pre- 
steranno, They will lend us some. 7. Ve lo 
protbisco, I forbid it you. 8. Glielo spiegheremo, 
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By Francesco de Feo | 


We shall explain it to him, etc. 9. Non gliene 
parlate, Do not speak of it to him, ete. 10. Non 
ce n’é pit, There is no more of it. 


Position of the Conjunctive Forms. 
It has been seen that the conjunctive pronouns 
(mz, ti, st, etc.) and their combined forms (me lo, 
te lo, etc.) arc, as a rule, placed before the verb. 
But when they occur with the imperative (the 
third persons excepted), the infinitive, the gerund, 
and the past participle, they are placed after 
the verb, and are written in one word with it. 
They are also joined in the same way to the word 
ecco, a8: fccolt, here they are; ¢éccuci, here we 
are. The infinitive drops the final e before the 
conjunctive forms, as: véndere, to sell ; venderlo, 
to sell it ; véndergliclo, to sell it to him. If the 
infinitive ends in -rre the final -re is dropped, 
as: tndurre, to induce; indurct, to induce us. 
When the infinitive is governed by another 
verb, the above forms may be placed before this 
verb, as: Nen posso darvelo, or non ve lo posso 
dare, I cannot give it to you. Butif the pronoun 
depends upon the first verb it must never be 
placed after the infinitive, as: Vi laseio andare, 
I let you go, and not lascto andarvi. In the 
imperative negative it is better to let the pro- 
noun precede, as: Non me ne parlate, Do not 
speak of it to me. 

In poctry and in literary style the conjunctive 
pronouns may be added to other forms of the 
verb, besides those mentioned above, as: rispo- 
segli, he answered him. When the verb ends in 
an accented vowel, the written accent is omitted 
and the conjunctive forms (gli excepted) double 
the initial consonant, as: dammit, give me: 
dicci, tell us; mostrerovvi, I will show you ; 
dtroglt, 1 will tell him. 

Notr. Loro is generally placed after the 
verb, but is never joined to it: L’ho mandato 
loro, T have sent it to them. 


Exampies: 1. Devo scriverglielo, I must 
write it to him. 2 Che essi glielo restituiscano, 
That they give it back to him. 3. Datemelo, 
Give it tome. 4. Non glielo date, Do not give 
it to him. 5. Avéndomenc parlato, Having 
spoken to me of it. 6. Veditolo, Having seen 
him. 7. Eccoct, Here we are. 8. Eccolo li, 
There he is. 9. Non potete negarlo, You 
cannot deny it. 10. Lo fécero arrestare, They 
had him arrested. 


Exercise X XIX. 

1. Avevamo pensato di véndergli dei biglietti, 
ma non ne ha voluto comprare. 2. Me ne 
hanno mostrato di diverse qualita. 3. Se ne 
avessi ancora, ve ne darei. 4. Dov’é vostra zia ? 
5. Eccola qui, parlategliene. 6. Sono molto 


belli questi quadretti; se andate in Italia non 
dimenticate di comprarmene. 7. Ho comprato 
dei giocattoli per questo ragazzino, ma ho 
dimenticato di portarglieli. 8. Non _ glieli 
portate, perché é stato cattivo tutto il giorno. 
9. Se la sarta ha finito la mia veste, ditele di 
mandarmela sibito. 10. Non manchero di 
dirglielo. 
EXERCISE XXX. 

1. Don’t you see that this little girl's face is 
all dirty with smoke ? Wash it for her. 2. If 
you have some fresh roses and carnations, make 
aw nice bouquet of them, and send it to this 
address. 3. I had begged of you not to tell her 
anything, and you have told her everything. 
4. Here is the letter that we have received, 
read it to her, and see what impression it makes 
on her. 5. If she had said such words to us, 
we should have known how to answer her 
fittingly (per le rime). 6. This telegram was 
handed to you at twenty past seven. How is it 
that you give it to me after more than two 
hours? 7. If you like to go to the theatre, go 
[there]; I prefer not to go out (uscire), 8. I 
will treat him as my brother, I promise [it] you. 
9. Here is the telegram that we have received: 
** Received cycles ; will send them you.” 10. It 
is in Italian; I do not understand it; translate 
it for me, please. 

CONVERSAZIONE 

Se il signor N. domanda di me, ditegli che lo 
aspetto al circolo. 

Glielo dir6o. 

Mandate a 
offrit egliene. 

Gliene abbiamo gid offerto. 

Perché non me ne avete mai parlato prima ? 
Avreste dovuto parlarmene. 

Me n’ero dimenticato. 

Se non vi saré possibile di venire, non dimen- 
ticate di avvertirci. 

Certamente ; vi mandero un telegramma 

Gli ha: domandato di prestarti del danaro ? 

Glie’ho domandato ¢ me ne ha prestato. 

Quando restituirete il danaro alla vostra 
amica ? 

Per il momento non ho danaro; ma appena 
ne avro glielo restituird. 

Avete risposto alla léttera di mio cugino ? 

Non ancora; aspetto che il fotegrafo mi 
consegni le mic fotografie, perché voglio spedir- 
gliene una. 

VERBS— continued 
The Passive Verb 

As in English, the passive voice is formed in 
Italian by simply adding the past participle of 
an active verb to the various parts of the verb 
éasere; eglt é, he is; egli @ amato, he is loved ; 
egli sara, he will be; egle sara lodato, he will 
be praised. The past participle after éssere. as 
we have already seen, must always agree in 
gender and number with the subject to which 
it refers: egli é lodato, easa ¢é lodata, + mie 
fratelli sono lodati, le mie sorelle sono bodate. 

The preposition by, which follows a passive 
verb, is translated da. She is loved by her 
brother, Hesa é amata da suo fratello. 


comprare delle sigarette e 
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Essere amato, -a, -t, -e, to be loved 
INDICATIVE Moop 
Present 
I am loved, ete. We are loved, etc. 
Sono amato, -a, etc. Stamo amatt, -c, etc. 
Past Indefinite 
T have been loved, ctc. We have been loved.ete. 
Sono stato, -a, amato, -a Siamo stats, -e, amatt, -e 
Imperfect 
We were loved 
Eravamo amatt, -e 
Furst Pluperfect 
I had been loved We had been loved 
Ero stato, -a, amato, -a = Eravamo stati, -e, 
ama‘t, -€ 
Past Definite 
We were loved 
Fummo amati, -e 
Second Pluperfect 
I had been loved e had been loved 
Fut stato, -a, amato,-a Fummo stati, -e, amati, -e 
Future 
We shall be loved 
Saremo amati, -e 
Future Perfect 
I shall have been loved We shall have been 
loved 
Saremo stati, -e, amatt, -e 


I was loved 
Ero amato, -a 


IT was loved 
Fut amato, -a 


TI shall be loved 
Saro amato, -a 


Saro stato, -a, amato, -a 


IMPERATIVE 
Be loved 
Siate amatt, -e 
SUBJUNCTIVE Mooo 
Present 
That we be loved 
Siamo amati, -e 


Perfect 
That T have been loved That we have been 


Be loved 
Sia amato, -a 


That I be lov od 


Sia amato, -a 


loved 
Sia stato, -a, amato, -a Siamo stati, -c, amate, -€ 
Imperfect 


If we were loved 
Fossimo amatt, -e 
Plu perfect 
Tf I had been loved If we had been loved 
Fossi stato, -a, amato, -a Fodssimo stati, -e,amati, -€ 
CONDITIONAL Moop 
Present 
We should be loved 


Saremmo amatt, -e 


Tf I were loved 
Fosst amato, -a 


I should be loved 
Sarei amato, -a 


Perfect 
I should have been We should have been 
loved loved 
Sarei stato, -a, amato,-a Saremmo stati, -e, 
amatt, -e 


INFINITIVE Moop 
Present—Essere amato, -a, -i, -e, to be loved 
Perfect— Essere stato, -a, -1, -e, amato, -d, -t, -e, to 

have been loved 
Cerund 


Present—Easéndo amato, -a, -t, -e, being loved 
Perfect—Essendo stato, -a, -1, -e amato, -a, -4 -e, 
having been loved 
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OBSERVATIONS 

1. In the Present, Imperfect, Past Indefinite, 
Future, and Conditional, instead of the verb 
éssere, may be used the corresponding tenses of 
the verb venire (to come), as: vengo lodato, I am 
praised ; vénnero trovati, they were found. 
Occasionally the verbs andare (to go), and stare 
(to stay), aro used in the same way, as: ando 
perduto, it was lost; sta scritto, it is written. 
Andare has sometimes the meaning of to be 
obliged to be, as: Questo libru va custodite gelo- 
samente, This book must be carefully kept; 
Questa parola va scritta cosi, This word is to be 
written so. 

2. The passive voice may also be formed by 
using the third persons (singular and plural) of 
the active verb preceded by s7, as: st dice, it is 
said, they say, people say, cte ; st léggono, they 
are read, etc. 


EXxeERcIsE XX XI. 
ardrto (ordhreeo), time- calamite (cahlahmectah) 


table magnet 

ferrovia (fehrroveéah), fuoco (fuo-dco), fire 
railway 

operato (opeh-rah-eeo), carbone (cahr-boneh), 
workman coal 

achivare (skee-vahreh), to ladro (lithdro), thief 
avoid 


ferito (fehreéto), wound- guerra (guéh-rrah), war 
ed 
avaro (ahvdhro), miser notoso (no-ee-0so), tire- 


s0m0e 


1. Quel ragazzo fu salvato per miracolo. 
2. Oggi é stato pubblicato il nuovo orario delle 
ferrovie. 3. Gli operai véngono pagati ogni 
einque giorni. 4. Fummo invitati, ma non 
ci andammo. 65. Egli é amato e stimato da 


tutti quelli che lo condéscono. 6. Mi dispiace 
di non potere accettare il vostro invito, perché 
devo (I must) partire subito per Roma, dove 
sono stato chiamato telegraficamente. 7. E 
vietata Vaffissione. 8. Si dice che la guerra 
fra i due paesi sia ormai inevitabile. 9. Di.cono 
che il Generale N. sia stato ferito nell’ ultima 
battaglia. 10. Non ¢ssere noioso, se no saiai 
schivato da tutti. 11. Questa storiella ci ¢ 
stuta raccontata da un nostro amico. 12. 
L’avaro viene attratto dall’oro, come il ferro 
dalla calamita. 13. I fuoco é stato finalmente 
isolato ; ma venti case e duc depositi di carbone 
sono stati intcramente distrutti. 14. Il Jadro 
é stato arrestato. 


Key To Exercise X XIX. 


1. Speak more slowly, please, because I do 
not understand you. 2. Do not call him yet, 
let him finish writing. 3. Be silent; I forbid 
you to speak ill of a friend in my _ presence. 
4. Which of these two do you prefer? 5. 1 
preter the first one, because it is cheaper. 6. If 
he asserts it, that means that it is true. 7. That 
poor child does nothing but cough all day. 
8. Did you sleep well last night? 9. This 
tea is not good; you have poured the water on 
before it boiled. 10. Tell the servant to dress 
the children, because it is time to go. 11. lf 
the artists sing well, we will applaud them. 
12. This is already the third time that you 
ask me whether it is true; I must inform you 
that I never speak a falsehood. 13. Do not 
Bay 80, please, because you have so many times 
told me falsehoods that I no longer believe 
anything that you say. 14. Eggs and meat are 
very nourishing. 15. I do not understand 
why you wish to be always right. 


Continued 


FRENCH 


Continued from 
page ots 


PRONOMINAL VERBS 
General Remarks 

1. Pronominal verbs are so called because 
they are conjugated with two personal pronouns 
which refer to the same person and of which 
one is the subject, the other the object of the 
verb, as je me flatte, I flatter myself. 

2. The majority of pronominal verbs are 
reflexive—that is to say, they express an action 
of which the same person is both the “ doer ” 
and the “sufferer,” as «tl se blessera, he will 
wound himself. 

3. Pronominal verbs are either (a) essentially 
pronominal, or (b) accidentally pronominal. 
Essentially pronominal verbs are those that 
ure never used otherwise than with two pro- 
nouns, such as se repenttr, to repent ; s’emparer, to 
seize, to get possession of ; s«’abstentr, to abstain. 

Accidentally pronominal verbs are those 
which are sometimes conjugated with a single 

ronoun, that which represents the subject, 
and sometimes with two, thus: il trompe, he 
deceives ; tl se trompe, he is mistaken (lit., he 
deceives himself), 
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4. In the third person singular, and the 
third person plural, a noun may take the place 
of the subject ; thus: L’enfant se blessera, The 
child will wound (hurt) himself; L’armée 
sempara de la ville, The army took possession 
of the town. 

4. The pronoun, which is the object of a 
pronominal verb is not necessarily a direct 
object, or accusative ; it may also be an indirect 
object, or dative; thus: Je me rappelle ce que 
vous m’avez dit, Tremember (lit., recall to myself) 
what you have told me. The use of the pronoun 
ay an indirect object is particularly frequent 
when the direct object is a part of the body ; 
thus: in tl se lave, he washes himself, se is a 
direct object, whereas in tl se lave les mains, 
he washes his hands (lit., he washes to himself 
the hands), se is an indirect object. 

5. Pronominal verbs are reciprocal when 
they indicate an action which several subjects 
mutually do to each other, thus: Nous nous 
voyons tous les jours, We see each other every 
day. These verbs can only be used in the 
plural forms. 


6. When the reciprocity of the action cx- 
pressed by the verb is quite clear, the prono- 
minal form is sufficient, thus: ils s embrassérent, 
they embraced (each other). If, however, it is 
not obvious whether the subjects do the action 
to each other or to themselves, reciprocity must 
be expressed by the addition of l’un l'autre (m.), 
Pune Vautre (£.), les uns les autres (m. pl.), les unes 
les autres (f. pl.), each other, or by the use of 
mutuellement, mutually, or réci proguement, recip- 
rocally. Thus, tls se flattent, may mean either 
‘they flatter themselves,” or “ they flatter each 
other.” By saying ils se flattent les una les 
autres, the latter meaning is made quite plain. 

7. Pronominal verbs are very numerous in 
French. They are frequently used to express 
an action for which a simple verb is sufficient in 
English, as se repentir, to repent ; se lerer, to 
rise ; se cuucher, to lie down (go to bed); se 
vanter, to boast. A common use of the pro- 
nominal verb with reflexive meaning is to render 
the Exglish passive voice, when that passive 
does not refer in a specinl manner either to 
the doer of the action or to the state resulting 
from that action. Thus: Chaque volume se vend 
s¢parément, Each volume is sold separately 

8. All pronominal verbs form their compound 
tenses by means of the auxiliary étre, to he. 
Thus: Je me suis levé, [ got up; Il # étad 
vanté, He had boasted; Zu te seras enrhumeé, 
You will have caught cold. 

Y. Although pronominal verbs take cre in 
their compound tenses, the rule for the agree- 
ment of the past participle in those compound 
tenses is the same as if the auxiliary were avotr— 
that is to say, the pvt participle does not agree 
with the subject, but agrees with the direct 
object if that direct object precedes the past 
participle. Thus: Nous nows sommes larés, We 
have washed, larés agreeing with the second 
“nous,” which is the direct object, and which 
precedes lavés. In Elles se sont laré les mains, 
They (f.) have washed their hands, the direct 
object is not se (to themselves), but les mains, 
which comes after the verb. There is, conse- 
anny no agreement of the past participle 

10. When given in the infinitive form (as in 
vocabularies, dictionaries, ete.), pronominal 
verbs are always accompanied by se, oneself, to 
oneself, as se flatter, to flatter oneself. In actual 
use, the infinitive may be preceded by me, te, 
nous, vous: Je vais me promener, Lam going for 
a walk; Jl est tempade te lerer, It is time for you 
to get up; Vous avions peur de nous tromper, 
We were afraid of making a mistake ; Je voua 
prie de ne pas vous déranger, I beg you will not 
put yourself out. 

Se lever, to risc 
PrincipaAL Parts: se lever, se levant, 8’ éant 
levé, je me léve, je me levat. 
INDICATIVE 
Past Definite 
I rose, ete. 
je me levat 
tu te levas 
il se leva 
elle se leva 
nous nous levdmes 


Present 
I rise, ete. 
je me léve 
tn te léves 
wd se léve 
elle se léve 
nous nous lerons 
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Past Definite 
rous vous levites 
tls se levérent 
elles se levtrent 

Future 
1 shall rise, ete. 
je me léverat 
tu te léveras 
wl se lévera 
elle se lévera 
nous nous léverons 
vous vous leverez 
ils se léveront 
elles se léveront 


COMPOUND TENSES 


Past Indefinite 
T have risen, ete. nous NUNS sommes levées 
je me suis levé, or levée or levées 
fu Ces levé, or levée vous vous des levés, or 
al s'est ler? levées 
elle s est levde ils se sont levés 
elles se sont levécs 


Plu perfect 

nous nous eétions levés, 
or levées 

vous vous Cliez levés, or 


Present 
vous vous levez 
tls se lévent 
elles se lévent 

Imperfect 
I was rising, etc. 
je me levats 
tu te levais 
ul se levatt 
elle se levait 
nous nous levions 
vous vous leviez 
als se levaient 
elles se levaient 


T had risen, ete. 
je m états leré, or levee 
tu Cétads lové, or levée 
al sctait leve levées 
ale sctait levée ils s’étatent levda 
elles sctaient levées 
Past Anterior 
nous nous fimes levés, 
or levees 
vous vous filtes levés, or 


T had risen, ete. 
je me fus levé, ov levée 
tu te fus levé, or levte 
wl se fut levé levéen 
elle se fut levee tls se furent levés 
cles se furent levees 
Future Anterior 
T shall have risen, ete. nous nous serons levts, 
je me serai levé, or levée or Levees 
tu te seras levé, or levée vous vous sercz levés, or 
tl se sera levé levées 
elle se scra levée ils se seront levés 
elles se seront levées 
(‘ONDITIONAL 
Present 
elle se leverait 
nous nous léverions 
vous vous levertez 
ws se Icveraicnt 
clles se léveraient 
Past 
IT should have risen, ete. nouns nous sertons leves, 
ge me serata levé,orlevée = ot lerfea 
tu te serata levé, or levée vous vous aertez levés, or 
a se seratt levé levees 
elle se serait lerée ils se scraient levés 
elles se seraicnt levees 
IMPERATIVE 


Present 
leve-toi, rise (thou) 
qui se léve, let him rise 
quelle se léve, let her rise 
levons-nous, let us rise 
levez-vous, rise ye 
qutls se lévent, let them (m.) rise 
qu elles se lévent, \et them (f.) rise 
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1 should rise, ete. 
je me léverars 

tu te léverais 

al se léverait 
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SUBJUNCTIVE 
Present Imperfect 
That I may rise, etc. That I might rise, etc. 


que je me levasse 

que tu te levasses 

qu'sl se levdt 

quelle se levdt 

que nous nous levassions 
que vous vous levassrez 
quils se levassent 
qu’elles se levassent 


Past 


That I may have risen, etc, 

que je me sote levé, or levée 

que tu te sois levé, or levée 

qu’sl se sott levé 

qu elle se sort levée 

que nous nous .soyons levés, or levées 
que vous vous soyez levés, or levées 
gu’tls se sovent levés 

qu’elles se sovent levées 


Pluperfect 


That I might have risen, etc. 

que je me fuase levé, or levée 

que tu te fusses levé, or levée 

qual se fit levé 

qu'elle se fat levée 

que nous nous fussions levés, or levées 
que vous vous fussiez levés, or levées 
quils se fussent levés 

qu’elles se fussent levées 


que je me léve 

que tu te léves 

qu'il se léve 

cu'elle se léve 

gue nous nous levions 
que vous vous leviez 
quils se lévent 
qu'elles se lévent 


INFINITIVE 
Present Past 
se lever, to rise s'étre levé, levée, to 
have risen 
PARTICIPLES 
Present Past 


8 étant levé, levée, levés, 
levées, having risen 


Pronominal Verb Conjugated 
Negatively 

Pronominal verbs are conjugated negatively: 

1. In simple tenses, by putting ne between 
the two pronouns and pas after the verb. 

2. In compound tenses, by putting ne between 
the two pronouns, and pas between the auxiliary 
and the past participle. 


: ge levant, rising 


Ne pas se tromper, not to be mistaken 
INDICATIVE 


SmmepLte TENSES 
Present 
I am not mistaken, etc. 
je ne me trompe pas, etc. 
Imperfect 
I was not mistaken, etc. 
qe ne me trompats pas, ete. 
Past Definite 
I was not mistaken, etc. 
ge ne me trompat pas, ete. 
Future 
I shall not be mistaken, ete. 
je ne me tromperai pas, ete. 


ComrounD TENSES 
Past Indefinite 
I have not been mistaken, etc. 
je ne me suts pas trompé, or trompée, etc. 
nous ne nous sommes pas trompés, or trompées, eto. 
Pluperfect 
I had not been mistaken, eto. 
je ne m’états pas trompé, or trompée, etc. 
nous ne nous étions pas trompés, or trompées, eto. 
Future Anterior 
I shall not have been mistaken, etc. 
ge ne me serat pas trompé, or trompeée, etc. 
nous ne nous serons pas trompés, or trompées, eto. 
IMPERATIVE 
Present 
ne te trompe pas me vous trompez pas 
be (thou) not mistaken be (ye) not mistaken 
quil ne se trompe pas qu’ila ne se trompent pas 
let him not be mistaken let them (m.) not be 
qu elle ne setrompe pas mistaken 
let her not be mistaken qu’elles ne setrompent pas 
ne nous trompons pas let them (f.) not be mis- 
let us not be mistaken taken 
SUBJUNCTIVE 
Present 
That I may not be mistaken, etc. 
que je ne me trompe pas, etc. 
Imperfect 
That I might not be mistaken, ete. 
que je ne me trompasse pas, etc. 
Perfect 
That I may not have been mistaken, etc. 
que je ne me sots pas trompé, or trompée, etc. 
gue nous ne nous soyons pas trompés, or trompées, 
ete. . 
Pluper fect 
That I might not have been mistaken, etc. 
que je ne me fusse pas trompé, or trompeée, ete. 
gue nous ne nous fussions-pas trompés, or trompées, 
etc. 
INTINITIVE 
Present 
me pas se tromper, not to be mistaken 
Past 
ne pas 8 étre trompé, e, és, ées 
not to have been mistaken 
PaRTICIPLES 
Present 
ne se trompant pas, not being mistaken 
Past 
ne 8 étant pas trompé, e, és, ées 
not having been mistaken. 
Ky to Exercise XXVII. 
1. Nous recevons deux journaux tous les 
jours. : 
2. Elle recoit ses amis le jeudi. 
3. Nous aperciimes une petite maison blanche 
au pied de la colline. 
4. N’avez-vous pas encore regu de réponse 
& votre lettre ? 
5. Il est facile d’énoncer clairement ce que 
lon concoit bien. 
6. Quand vous recevrez cette lettre je ne 
serai pus en Angleterre. 
7. Vers dix heures du matin nous apercimes 
larmée ennemie dans le lointain. 


8. Il doit cinquante francs 4 son tailleur. 

9. Si vous lui devez tant, ne me devez-vous 
rien ? 

10. Vous devriez planter des arbres le long de 
cette allée. 

11. Quand doit-il y avoir une assemblée 
des actionnaires ? 

12. Si la bonne foi était exilée du reste de la 
terre, clle devrait se retrouver dana le cceur 
des rois. 

13. Vous devriez d’abord me payer ce que 
vous me devez. 

14, Elle a di ¢tre bien étonnée de vous voir. 

15. Vous auriez dd lui rendre Pargent qu'il 
vous @ préte. 

16. Si vous n’avez rien mangé depuis ce 
matin, vous devez avoir bien faim. 

17. Quelle heure est-i]? Il doit étre au 
moins quatre heures et demie. 

18. J’ai recu une invitation, mais jai da 
la refuser. 


Key to Exercise XXVIII. 


1. Entendez-vous ce que je vous dis ? 

2. N’ayez pas peur du chien; 11 ne vous 
mordra pas. 

3. Vous perdez toujours quelque chose. 

4. Pourquoi n’avez-vous pas 1épondu & sa 
lettre ? 

5. Nous entendimes du bruit en haut. 

6. Quils nous attendent maintenant, nous 
Jes avons attendus assez longtemps. 
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7. Attendez-les ; ils ne sont pas encore préts. 

8. Ne perdez pas tant de temps & bavarder. 

9 Les ennemis, descendant de leurs mon- 
tagnes, pillaient toute la contrée. 

10. On vendra ces maisons aux enchéres & 
onze heures précises. 

11. Je fermai Jes yeux et j’entendis un fracas 
épouvantable. 

12. Vous ne perdrez rien pour attondre. 

13. La découverte de |'Amérique a beaucoup 
étendu le commerce européen. 

14. Le Seigneur a ¢tendu sa main sur la mer; 
il a ébranlé les royaumes. 

15. Le thermométre a descendu de quatre 
degrés depuis hier. 

16. Le jeune homme nous remercia sans 
embarras ti service que nous lui rendions. 

17. Rendez & César ce qui est & César, et 
rendez & Dieu ce qui est A Dieu. 

18. Les coups que nous sentons le plus sont 
ecux que nous ne pouvons (pas) rendre. 

19. Quelques grains rendent cent pour un, 
d’autres soixante, ct d'autres trente. 

20. Samson rompit ses cordes comme on 
romprait un fil. 

21. brebis tondue Dieu mesure le vent, 
dit le proverbe. 

22. Ce chien est dangereux ; il mord. 

23. I] y a des personnes dont les louanges 
mordent et dont les caresses égratignent. 

24. L’or fond & un moindre degré de chaleur 
que le fer. 


Continued 
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LXXXVIII. The Subject Clause. 


Wer gar gu wreel bedenFt, whd wemg voll 
brin'gen, He who considers too much will achieve 
httle. Here the subordinate clause 1eplaces the 
rubject and answers the question ,iwer (oder 
was) wird werntg vollbringen 2“ (Answers Wer gar 
au viel henenft, which is the subject of the 
compound sentence.) 

The subordinate subject-clause is introduced 
by interrogative pronouns (vb, whether; wie, 
hows want or wenn, when ; we, where ; wan, 
why, etc.), or by relotive pronouns (wer, who; 
was, what), or by the conjunction dag, that. 
Examples: Was nidt tangt, it gefdenft zu 
tener, What is useless, is too dear even as a 
present. (6 it erfrenli, Daf die Sonne 
fdeint, It is pleasing that the sun shines. 


LXX XIX. The Object Clause. This, 
like the object it serves to replace, answers the 
question Weffer? whose? or Went’? to whom / 
or Wen over Was? whom or what? It is in- 
troduced by an interrogative or by a relative 
pronoun. For the sake of greater clearness, 
a correlative demonstrative pronoun 1s often in- 
troduced into the principal sentence. Examples: 
Ady freue mridy (weffen 2) feiner Anfunft (object in 
the genitive), or, with a subordinate object 
clause: Sd) frene mid), da® ev argefommen itt, 
I am glad that he has arrived. Wen bas Her; 
tiebt, des (demonstrative pronoun) gebenft ¢6 
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gern, Whom the heart loves it remembers 
vladly (proverbial sentence). Was gefdehen 
mug, das (demonstrative pronoun) foll man midst 
yerjdicben, What has to be done ought not to 
be postponed. If prepositions are needed, they 
are contracted with the demonstrative pronoun 
—ain Pas into dara, vom bent into davon, ete. : 
Was con Gehetmnts blerben foll, vavon 
(yor dem) fell man met ypreden, What is to 
remain a secret should not be talked about. 


XC. Contraction of Object Clauses. 
Object clauses introduced by the conjunc- 
tion dag (a) can be contracted if the subject 


of the principal sentence is identical with 
that of the subordinate clause: 3 dy) veriprad 
ihm, bap td) gehen wurde, I promised him that 
1 should go; and Sd) verfmac ihm gu geben 
Contraction can also take place if the subject 
of the subordinate clause figures as object in the 
ese sae sentence, or if this relation 1s implied, 
though not actually expressed: Gott befall d eit 
Menfdyen, dap fre (die Menfchen) einander lieben, 
God commanded men that they should love each 
other, can thus be contracted into Gott befabl 
den Menfdye einander gu lieben. As may be 
seen from the above examples, the contraction 
consists in the omission of the conjunction bag 
and of the subject in the subordinate clause, 
whilst the verb takes the prepositional infinitive 
with 3u. 
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(6) In other cases tho conjunction baf can be 
dropped, whilst the subordinate clause assumes 
the same sequence of words as an independent 
sentence, the subject preceding the predicate, 
etc.: Gr ergiblte ung, dap er das Gener gefehen habe 
(dependent clause with finite verb at end), 
He told us that he had seen the fire; or, with 
the conjunction buf omitted: Gr erjahlte une, 
ev (subject) habe (predicate) das Feuer (object) 
gefehen, He told us he had seen the fire. Jc 
erinnere mid), daf id) bas ener gejehen Habe, f 
remember that I have seen the fire, is, on the 
other hand, contracted into: Sd) erinnere mid), 
bas ener gefchen zu haben, the subject being 
the same in the principal sentence and in the 
dependent clause. 


(c) In some interpolated subordinate object 
clauses introduced by twit, as, this conjunction 
can be dropped, and the clause assumes the 
same sequence of words as the independent 
sentence of question (the verb preceding the 
subject): Gr hat, wte er uns ergahlte, das 
euer gefehen, He has, as he told us, seen the fire, 
or contracted: Gr hat, erzgahlte er uns, das 
Sener gejehen. 


(2) In conditional clauses the conjunctions 
wenn, falls, if, can be dropped, in which case the 
clause is arranged as in(c): Menn du nicht gelen 
willft, fo bletbe dabetnt, If you don’t want to go, 
stay at home; or, with omission of the con- 
junction wenn: Willft du nicht gehen, fo bleibe 
Dahernt. 


(e) With verbs with separable prefixes the 
preposition 3u is inserted between the prefix and 
the stem: fort-gehen, to go away ; Sch befahl ihm, 
baf er fortgele, or contracted: Sd) befahl ihm 
fort zu gehen, I bade him go away; but entfernen 
(inseparable prefix ent-): Ach) befahl ihm, daf er 
fidh entferne, or : Sch hefahl thm, fich gu entfernen. 


XCI. The Subjunctive in Subordi- 
nate Clauses. In subject and object clauses 
the subjunctive is employed if the person 
speaking wishes to suggest that the context of 
the subordinate clause is merely an opinion of 
the ‘‘ subject” in the principal sentence, or if 
something is expressed (wish, demand, hope, 
command, ctc.) that has not yet been performed 
and has yet to become a reality : Sd) qlaubte, daf 
ev angefommen fei, I thought that he had arrived ; 
or, with the omission of the conjunction: Sd 
glaubte, er fet angefommen. For further rules as 
to the use of the subjunctive sec LXVIIL., 
page 3502. 


NARRATIVE CLauses. The object clauses in- 
clude those in which the -speech of other 
persons is related, either directly (direct speecl:) 
or by circumlocution (indirect speech), The 
quotation, with the subjunctive of the verb, is 
frequently introduced hy the conjunction dag; 
and the indirect clause of ‘question by ob, whether, 
unless there is already a conjunction of question: 
Gr fragte mich, ob id) fommen wiirde, He asked me 
whether I should come; and: Gr fragte mid, 
wann id Fommen wiirde, He asked me when I 
should come. 
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1. Which cases are ruled by adjectives in 
German ? 


2. How many adjectives govern two alternative 
cases, and which are these cases? Enume- 
rate the adjectives. 


3. What prefix expresses the negative meaning 
of adjectives ? 


4. What is the difference between co-ordinate 
and subordinate clauses in a compound 
sentence ? ; 


5. What is the characteristic feature of the 
subordinate clause with regard to the verb ? 


6 What are the positions of the subordinate 
clause in a compound sentence ? 


7. How does the use of different classes of 
conjunctions affect the mutual relation of 
co-ordinate clauses ? 


8. Why is it often necessary to employ sub- 
ordinate clauses, and when are they to be 
uvoided ? 

9. How can the subordinate clauses be classi- 
fied 7 

10. What is a subject clause, and by what words 
is it introduced ? : 

11. What question (with regard to the case) is 
answered by the object clause ? 


12. By what words is the object clause intro- 
duced ? 


13. Which correlative pronouns are sometimes 
introduced into the principal sentence, and 
for what reasons ? 


14 When can a subordinate clause be con- 
tracted ? 


15. How does contraction by omission of certain 
words affect. the verb in the subordinate 
clause ? 


16. What is the sequence of words in a con- 
tracted interpolated subordinate clause ? 


17. What considerations necessitate the use of 
the subjunctive in subordinate clauses? 


18. By which conjunction are ‘narrative 


clauses’ frequently introduced ? 
Exercise. Contract the following sentences : 


Dem Kinde wurde befelhlen, bag es im Zimmer bleibe. 
The child was bid to stay in the room. 


Dem Kinde wurde befohlen, das e8  dableibe. 
The child was bid to stay here. 
Sd) bat ihn, dap er mit helfe. 

I begged him to help me. 


Sh bat thn, dag ex mic mit einigem Gelde aushetfe. 
I begged him to assist me with some money. 
Sch bat ihn, dag ex fic) einftweilen ohne mid) bevelfe. 
I begged him to get on meanwhile without me. 
Gr exflarte, daf er nidté davon wiffe To rariations Dey 
He declared that he knew nothing about it. The 


Vater fiirdtete, dafi ihr fein Sohn nichts writteiler wiirde. 
father feared that his son would tell him nothing. 
Yd) hoffe, dag id) morgen friih abreifen werde. Trance” 
I hope that I shall start to-morrow morning. 
(G8 war, wieer mix fagte, fhredlid). Der Konig wrve, 
It, was, as he told ime, terrible. As the paper 
wie bie Seitung beridptete, qlangend — cntpfargen. 
reported, the king was given a splendid reception. 
Den Truppen wiarde der Vefelyl erteilt, dag jie das Feuer 
The troops were given the order to open 
eroffnen. Gejtatten Gre mix, Dap id) Shnen alles ergzable. 
fire. Allow me to te ~ you all. 
(Srlauben Sic mir, dag iy Sie nadhftens befudye. Ge 
Allow me to call on you shortly.  Cer- 
wif, aber traditet Sre, dap Sie nicht den Sug verfarumen. 
tainly, but try not to miss your train. 
Wem es jidy jo verhalt, Daun bletbe id nvd). 
If this is the case, I shall stay yet [a while]. If 
Sic c& HPeht wunferern, fo wird es erfady midst qeychefver. 
you do not wish it, it will simply not be done. 
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Key to ExercisE In EXAMINATION Paper XXI. 
(PacE 3932) 


sd) war meter PAlicht cingedenf. Der Sohn 
it feinem Bater abnlid. Dte Liige war den 
Vthenern angeboren. Die Sade fdpien bem Beamten 
bedentlidy. (Se hielt thn ermes — felchen — fdyrect 
lidven Verbredrens fahig. Der Gefangene war dex 
Urtetls gewartig. Die Gltern find dev Spradye midst 
madtig. Dre Soldaten waren des Dienftes Uberdrit/fig. 
Hen Eolbaten war der Dienft tberdriiffig. Das Kind 
ft fetren Cltern Gehorfant fdyuldig. Diefe Handtung 
ift einer wamiwitrdig. Man uberheb mridy dev Drive. 
Die Verfolger wurden des Diebes Habbhaft. Diefer 
Iwifdenfall erwies fid) mir gunftig. Dae ift iby ganz 
qleidhgiltig, Das Wolf ut dem Konig untertan. 


Hally NV Trogdent dev Fall dem Midjter unflay war, fand er ron 


des Verbredens tehuldig. Der Feldhere war diefer 
qropen Ubersalyt mtdyt gewadyjent, snd ergab fid, als ex 
der heranrucenden frifden Crapper anfidtig wurde. 


VII. At the Theatre 


What piece is played to-night at your theatre / 
Wagner’s ‘'fannhiiuser.” 

Can 1 have a ticket ? 

Yes, but the only vacant seats are in the last 
rows of the stalls. 

There are no more seats in the front rows ? 

(‘an you see well from the back rows ! 

Oh, yes ; the theatre is built like an amphitheatre. 

Can I have a corner seat ? 

No, I ai sorry, only the centre seats aie vacant. 

How much is the seat?) Four marks. 

When does the performance begin / 

At. 7.30 p.m. 

And when is it over? At 10.30. 

Is the cast good ? 

The cast is excellent. 

Can I have a programe ? 

You will get that at the theatre. 

Ts it also possible to get a book of the words ? 

Yes, you only have to ask at the box-oftice. 

Aretherenoautomatic machines for opera- glasses? 

No, they have not been introduced here. 

How many minutes is the long interval ! 

Where is the buffet? On the second floor. 

Is smoking permitted in the passages ? 

Oh, no; it 1s not allowed anywhere within the 
theatre. 

Must one’s stick be left in the cloak-roum ? 

Will you give me my overcoat ? 

Will you, please, get me a cab after the theatre. 


ad 

I want ashave. Will] you sit down, please. 

Will you suap me well, as my beard 3s stiff. 

Is the brush well cleaned ? 

We always clean everything most carefully 
after use. 

The razor is scraping a bit. 
sharpen it a little ? 

It is better now. 

After washing, you can give me some eau de 
Cologne. And now a little rice powder. 

Will you cut my hair, but not too short. 

I also want a shampoo. 

How much do I owe you? 

Altogether it amounts to 60 pfennigs. 


Could you not 


Was flic et StieE wird Heute im Abrent Theater 
qeiptelt 2 Wagner's ,,Tannbhanfer”. 

Marr td) ctr Billet haben? 

a, aber es find nuv Sige in bem legten Merhen des 
Warfetts fret. 

avi Dent wordberen Merthen gibt es feine Sive mehr ? 

Siecle mar que in den riwartiqen Meihen ? 

L ja, das Theater ift amphitheatralrfds gebaut. 

Rar id) cine Gafig haben ¢ 

Yerder nicht, mur in der Mitte find nelche fret. 

Mae foftet der Sig? Bier Mark. 

Woon beginnt dre Vorfte (lug ? 

Uain balb adyt Ubry YWbends. 

Uird wart endet fie? Ui bal elf Ube. 

Ait die Befeguno gut? 

Die Vefegung wif verguglics. 

Kan icy cinen Theatergettel haben ? 

Den beFommen Sre im F fyeater. 

Aft ba andy cin Verthudy erhaltlicgh ? 

Ja, dao bitte nur yom VBillettene ze verlangert. 

CHibt e8 feine Oypernglas:-Automaten ? 

Nein, das ft bet uns midht ctagefirhet. 

rie viele Minuten danert die grope Iwisdyenparye ? 

Mwy ift das Buffet? dan swetren Stocwerfe. 

Darf man tt dew Couloirs rancher / 

OD nein, das wft in feinem Mamume innerhalb des 
Theaters qeitattet. 

Pius utan bern Sto tr der Garderobe abgebert ? 

Wollen Sic miv meinen Uberrocf gebert ? 

Bitte, beforgen Sie mir eine Drofdyfe nach dent Theater. 


VIII. At the Barber's 


Wolfen Sie mids rafiven? Bitte Plog zu nehmen. 

Witte mich que eingufeifer, ba mein Bart hart ift. 

aft Der Pinfel que gereinigt 2 

Rei nis wird alles nad) jedeomaliger VBeniipung auf das 
Serafaltigfte rein gemacht. 

Das Mafirmeffer fragt cts wenig. 
nicht fdvarfer madyer / 

niept tft eo beffer. 

Nad) dent Wafden feunten Ste mir etivas Kolntid) 
Waffer geber. Und wun etwas Poudre de Riz. 

Vitte mir die Haare zu fdinetden, aber nit zu Furz. 

Ste fennen mir aud) den Kopf wajdren. 

Was hin tdy (huldig? or Wad fabe id) gu begahlen? 

Alles gufammen madt 60 Pfennige. 


Kounten Sie ed 


Continued 
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REGULAR VERBS—continued 
Third Conjugation 
Model Verb—Vivir, to live 
INFINITIVE GERUND 
vivir, to live viviendo i.ving 
Past PARTICIPLE 
vivido, lived 
INDICATIVE Moop 
Im perfect 
vivia, 1 was living 
vivias, thou wast living 
vivia, he was living 


Present 

vivo, I live 
vives, thou livest 
vive, he lives 
vivimos, we live 
wivis, you live 
viven, they live 

Past Definite 
vivi, I lived 
viviste, thou livedst 
vivid, he lived 
vivimos, we lived 


viviais, you were living 
vivian, they were living 
Future 
ative, I shall live 
mmras, thou wilt live 
vivird, he will live 
avirémos, we shall live 
mivistets, you lived viriréia, you will live 
vivieron, they lived vivirdn, they will live 
ConprtionaAL Moop 

viviria, I should live 

vivirias, thou wouldst live 

viviria, he would live 

viviriamos, we should live 

vivirtais, you would live 

vivirian, they would live 

IMPERATIVE Moov 
— vivamos, let us live 

vive, live (thou) vivid, live (ye) 
viva, let him live vivan, let them live 


Sussunctive Moop 
Present 
vivamos, we may live 
vivdis, you may live 
vivan, they may live 
IMPERFECT 
viviera, or vrvtese, I might live 
vivieras, or vivieses, thou mightst live 
wiviera, or viviese, he might live 
viviéramos, or viviésemos, we might live 
vivierais, or vivieseis, you might live 
vivieran, or viviesen, they might live 
Future 
viviere, when I shall live 
vivieres, when thou wilt live 
vtviere, when he will live 
vivtéremos, when we shall live 
viwierets, you will live 
virieren, they will live 


Notr. The compound tenses are formed 
with the verb haber and the participle vivido. 
Example: he vivido, I have lived, etc. Only tho 
secon N peer singular and plural are original 
forms, the rest are all borrowed from the subjunc- 
tive present. The original imperatives cannot be 
used in the negative ; the negative imperative 
must be rendered by the subjunctive present. 
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viva, I may live 
vivas, thou mayst live 
viva, he may live 


viviamos, we were living * 


By Amalia de Alberti 6 H. S. Duncan 


ORIGINAL IMPERATIVES NEGATIVE IMPERATIVES 
ama, love (thou) no ames, do not love 
amad, love (you) no améis, do not love 
come, eat (thou) no comas, do not eat 
comed, eat (you) no comdis, do not cut 
vive, live (thou) no vivas, d not live 
vivid, live (you) no virdis, do not live 
The other persons being already in the sub- 
junctive, need only the addition of no to become 
negative. 
amemos, let us love no amemos, let us not love 


Euphonic Changes. The = following 
changes are made in the spelling of certain 
regular verbs in order to retain the same pro- 
nunciation of the stem throughout tye con- 
jugation. 

}. All verbs ending in car change the ¢ into 
qu before e—that is, in the first person singular ot 
the past definite, throughout the subjunctive, 
and in those persons of the imperative which 
are borrowed from the subjunctive. Example: 


Tocar, to touch 
Past Def —toqué, tocaste, tocd, etc. 
Sub. Pres.—toque, toques, toque, toguémoa, 
toquérs, toquen. 
Imp.—toca, toque, toquémos, tocad, toquen. 
2. All verbs ending in gar take wv after the g 
in the same persons. Example: 
Pagar, to pay 
Past Def.—pagué, pagaste, pagd, etc. 
Sub. Pres.—pague, pagues, pague, paguémos, 
paguets, payuen. 
Imp.— paga, pagque, paguémos, pagad, paguen. 
3. All verbs ending in zar change the z into c 
in the same places. Example: 


Alcanzar, to reach 

Past Def.—alcane?é, alcanzaste, aleanzé, etc. 

Sub. Pres.—alcance, alcances, alcance, alcan- 
cémvus, alcancéis, alcancen. 

Imp.—Alcanza, alcance, alcancémos, alcanzad, 
alcancen. 

4, Verbs ending in guar take tho disrcsis in 
the same tenses—that is, before e. Example: 


Averiguar, to ascertain 

Past Def.—averigiif, averiguiste, averigiié, etc. 

Sub. Pres.—averigiie, averigiets, averigiiz2, vtec. 

Imp.—averigtia, averigie, averigiiemos, averi- 
gud, averigien. 

5. Verbs ending in cer and cir preceded by a 
consonant change ¢ into before a or o; that 
is, in the first person singular of the indicative 
present, throughout the subjunctive present, and 
in imperatives borrowed from the subjunctive. 
When the ending cer and cir is preceded by a 
vowel z is inserted before c whenever the latter 
is followed by a or o—that is, in the aforesaid 
places. Example: 


Vencer, to vanquish 
Ind. Pres.—venzo, vences, vence, eto. 
Sub. Pres.—venza, venzas, venza, etc. 
Imp —vence, venza, venzdmos, venced, venzan. 


Eeparcir, to scatter 

Ind. Pres.—esparzo, esparces, esparce, etc. 

Sub. Pres.—esparza, esparzas, eaparza, etc. 

Imp.—esparce, esparza, esparzdmos, esparcid, 
esparzan. 

Nacer, to be born 

Ind. Pres.—nazco, naces, nace, ete. 

Sub. Pres.—nazca, nazcas, nazca, etc. 

Imp.—nace, nazca, nazcamos, naced, nazcan. 

6. Verbs ending in ger and gir change g into 
i before a and o. Example: 

Coger, to gather 

Ind. Pres.—cojo, coges, coge. ete. 

Sub. Pres.—coja, cojas, coja, cojamos, cojats, 
cojan. 

Imp.—coge, coja, cojamos, coged, cojan. 

Dirigir, to direct 

Ind. Pres.—dirijo, diriges, dirige, etc. 

Sub. Pres.—dirtja, dirtjas, dirtjamos, diriats, 
dirijan. 

Imp.—dirige, dirtja, dirtjamos, dirigid, dirijan. 

7. Verbs ending in gutr drop the w before 
aando. Example: 

Distinguir, to distinguish 

Ind. Pres.—distingo, distingues, dtstingue, etc. 

Sub. Pres.—dtstinga, distingas, distinga, etc. 

Imp.—distingue, distinga, distingamos, dis- 
tinguid, distingan. 

8. Verbs with stems ending in ch, ll, or %, drop 
the ¢ in the diphthongs te, io whenever these occur 
in the terminations—that is, in the gerund, third 
person singular and plural of the past definite, 
and in the imperfect and future of the sub- 
junctive. Example: 

Bullir, to boil. Gerund, bullendo, etc. 

Platir, to lament. Gerund, plaiendo, ete. 

Henchar, to fill. Gerund, hinchendo (irreg.), ete. 


Vocabu- Vocabu- Vocabu- Vocabu- 
lary lario ary ario 
Adhere Adherir The vineyard El vitiedo 
To conter Conferir A cart Un carro 
To consent Consentir A wheel Una ruecda 
To convert Convertir The axle-tree El eje 
To give the lie Desmentir The yoke E] yugo 
To amuse one- Divertirse The whip KI Jatizo 
self A reaper Un segador 
To wound Herir A carman Un carretero 
To infer, tode- Inferir A vintayer Un vendimets 
duce dor 
To invert {nvertir A (wooden) Una pala 
To lie _ Mentir shovel 
To pervert Pervertir A furrow Un sinco 
To speak, to Profenr A scythe Une guadlaiia 
ex press A threshing- Una cra 
A quack Un empirico floor 
A table Una fabdula An arbour, or Una enramada 
A fatalist Un fatalista wer 
Womanly Femenil A fountain Una fuente 
The fair La féria A tube-pipe Un cafio 
The railroad El ferrocarril | Potatoes Patatas 
Thin Flaco Artichokes Alcachofas 
Frivolons Frivolo Straw Paja 
The »smoking- El salon para | The aviary La pajarera 
roon fumar A bird-catcher Un cazador de 
The fugitive El fugitivu pajaros 
The foundry Lafundicidn | The grain El grano 
QGallantly Galantemente |The granary El granero 
The gallery Lagaleria The globe EI! globo 
The gallop E] galope The glory La gloria 
The picklock La ganzta Heaven E)_ cielo, el 
A brick Un ladrillo firmamento 
A slate Una, pizarra | A glossary Un ylosario 
A wood Un bosque A glutton Tn gloton 
A dese:'t Un desierto Syrup Jarabe 
(The) manure El estierco] A jug Un jarro, jarra 
A root Una raiz A cage Una aa 
Veyetables Las legumbres|A pack of Wha jauria 
A buneh Un ravimo honnds 
The vintage Lavendimia |The chief E) jefe 
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EXERCISE XIII (1) 

Translate the following into Spanish : 

1. Since when has the banker M . .. . 
had the cross of . ..... ? 2It 
was conferred on him after the war. 
shall be pleased to deny the false rumours 
which have becn current in the town. 4. He 
was wounded in the right arm by a pistol 
shot. 5. Was it the right or the left? 6. I 
have already said it was the right. 7. I inferred 
that he was ill. I have not seen him for many 
days. 8. That man is capable of perverting 
the wisest person, his doctrines are scandalous. 
9. Let us go (vamos) to the fair, we shall cer- 
tainly be able (podrémos) to buy good colts and 
horses. 10. The smoking-room is at the end of 
the garden. 11. To-morrow we will go (irémos) 
to the cannan foundry. 12. The thief opened 
the door with a picklock. 13. The sentinel 
is in the sentry-box. 14. Have you sufficient 
i ie for the vintage? No, I have not 
sufficient ; but I have beautiful bunches. 15. 
Have you a vine? I have two—one in Mogucr, 
the other in Jeres 16. The axle broke when 
the horses were galloping (iban al galépe) and 
the carriage upset. 17. Death is represented 
with a scythe and hour-glass. 18. The reapers 
hold the superstition that if they cut any 
animal in reaping, whether bird, rabbit, or 
any living thing whatever, they have cut their 
own lives. 19. After the harvest is finished, 
the harvesters dance on the threshing floor ; 
it is a custom which dates from the Middle Ages. 
20. The fountain in the garden is of marble, 
and the water very limpid. 


“XBROISE XIIT (2) 
Translate the following into English : 


1. Vengo para averiguar Jos pormenores de] 
robo que tuvo (took) lugar ayer. 2. Nada mas 
podemos decir, & lo ya expuesto. 3. Serfa 
posible coger 4 los ladrones si nos dieramos prisa. 
4. No vale la pena, Jo que cojieron es de poco 
valor, y despues de todo aquello de “ vivir y 
dejar vivir” viene bien aqui. 5. Es hombre de 
gran voluntad, nacidé de la nada, y vea la posicion 
que ocupa; piense en todas las dificultades 
que ha tenido que vencer. 6. Es muy dis- 
tinguido. 7. Vamos 4 coger el tren. Es tarde 
y si no llegar4n Vds 4 tiempo; no lo cogerén. 
%. ; Ten cuidado! esparces esa semilla en cl 
camino, y si no quedaré ninguna para el jardin. 
9. Esa mujer es muy frivola superficial. 
10. Fuimos anoche 4 la galeria del Teatro Real, 
no me gusté la tragédia, la primera dama es 
demasiado viejx, y el primer galan no sabe 
declamar. 


PROSE EXTRACT XI. 
From a _ satirical essay by Antonio de 
Valbuena, entitled : 


‘* Academicalitics.”’ “ Academiquerias.” 


You are all aware Ya saben ustedes que 
that the worst writer in quien peor escribe en 
Spain is the Academy, Espayfia es la Academia, 
the Royal Spanish la Real Academia 
Academy, whose office, Espafiola, encargada, 
according to itself, is segin ella dice, de 
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to ify, define, and 
add lustre to our native 
tongue. But though 


you have known this 
for a long time, it will 
be as well to remind 
you of it, in case you 
should forget it. 

It will also be as well 
to warn you, in order to 
spare you a shock, that 

e document we are 
about to examine eman- 
ates from the aforesaid 
Academy. Because it 
is the report of a solemn 
academical function, 
and it is a well-known 
fact that the Academy 
does not trust anyone 
with the task of sing- 
ing its glories, but 
always does :t itself. 
And it does well, 
because if it did not 
sing them, nobody else 
would. 

The Academy under- 
stands this, and there- 
fore it is well known 
that after a seasion one 
of the Academicians 
present writes the 
eulogistic broadsheet 
to be sent to “La 
Correspondencia ”’ and 
other newspapers hav- 
ing a Jarge circulation. 
He reads it aloud, and 
after a few corrections, 
which make it, if pos- 
sible, worse than before, 
it is approved, and sent 
to the editors with the 
trade-mark of the firm. 

The broadsheet, or 
rather the short article 
in question—for it is 
almost an  article— 
appeared with two 
headlines. The first 
says: “ In the Spanish 
Academy,” and the one 
below, “‘ Rewards of 
Virtue.” Bhen it begins: 

“ Yesterda: the 
Spanish Academy held 
a solemn public session 
in order to distribute 
the prizes awarded b 
the St. Gaspar Fund, 
which is governed by 
that learned body.” 


? 


Here we have the 
trade mark of the firm, 
which I mentioned a 
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limpiar, fijar y dar 
lustre al idioma patrio. 
Pero aunque lo saben 
ustedes hace ya mucho 
tiempo, no seré malo 
recordarselo para que 
no se les olvide. 


Y¥ tampoco seré malo 
advertir 4 ustedes para 
evitarles algin susto, 


que el escrito que 
vamos 4 examinar 
shora pertenece 4&4 


la Academia referida. 
Como que es la 
resefia de un _ acto 
Académico solemne, y 
e3 cosa bien averi- 
guada que la Academia 
no fia 4 nadie el encargo 
de cantar sus glorias, 
sino que lo hace por si 
misma. Y hace bicn, 
porque si no las can- 
tara ella, no las cantaria 
nadie. 

Asi lo entiénde la 
Academia, ‘y por eso ya 
se sabe, al concluirse 
cualquiera sesién, uno 
de los Académicos 
asistentes 4 ella escribe 
el suelto laudatorio 
para enviarlo 4 “La 
Correspondencia,” v 
demas periddicos dé 
gran circulacion, le lee 
en voz alta, se aprueba 
después de alguna en- 
mienda que lo empeore 
algo si 8 posible, y 
se remite 4 las redac- 
ciones con el sello de 
Ja casa. 

E] suelto, 6 mas bien 
el articulejo de refer- 
encia, porque es casi 
un articulo, saliéd con 
dos rétulos. El primer 
dice : “‘ En la Academia 
Espafiola,”’ y el que 
esté debajo : ‘ Premios 
& la virtud.” Y em- 
pieza: 

“Ayer celebré la 
Academia _Espajiola 
sesion solomne § y 
tblica para repartir 
os premios de la 
Fundacién denominada 
de San Gaspar, que 
esté regida, por aquella 
docta corporacién.” 

Aqui esté el sello 
de la casa, de que 
hablé hace poco. Por 


little while ago. For 


ve nadie llama ya 
now no one alludes to ia 


corporacion & la 


the Academy as a Academia, mas que la 
“learned body,” ex- Academia misma 6 
cept the Academy it- algan aspirante. 

self, or some aspirant. 

Therefore, the au- De modo que no 
thenticity of the docu- cabe duda de la auten- 
ment is beyond dispute. ticidad del escrito. 

Antonio de _  Val- Antonio de Valbuena 
buena (1844), a leading (1844), uno de los 
journalist, well known primeros _ periodistas 


bien conocido por sus 
satiras literarias y 
politicas. 


for literary and politi- 
cal satires. The above 
extract is a good ex- 
ample of light journal- 
istic Spanish. 


El extxacto 
que mas arriba citamos 
es un buen ejemplo del 
estilo ligero de los 
periédicos Espafioles 


Key To Exerrciss XII (1) 

1. Compro la carne, los huevos y la leche 
en la bacienda; el hortelano «3 muy honrado. 

2. Los compraré tambien anf, tambien com- 
praremos pollos, mi hija y yé6. 

3. g Comen Vds muchas aves ? 

4. Si, nos gustan mucho. 

5. Y6 c6mo mucha ave, hemos comprado 
perdices y faisanes. 

6. Deseo demostrar 4 Vd este problema. 

7. El juez ha fallado el pleito. 

8. La fama de Shakespeare ha llegado hasta 
el fin del mundo. 

9. Esa mujer amiga de Vd es capaz de embroll- 
ar 4 la familia mds unida. 

10. El carruaje, yendo por el camino real, voleé 
y el cochero y los caballos fueron lastimados. 

11. Con prisa llevéron al prisionero 4 la cdreel. 

12. Quizi venga 4 verme el medico, mi hijo 
se queja de dolor de cabeza. 

13. Abra Vd su sombrilla, que el sol quema. 

14. Cuando escavdron en la barranca encon- 
traron una hermosa estatua. 

15. El faro del puerto de C&diz se vé de 
muy Iéjos. 

16. Me han robado mi dinero del bolsillo. 

17. 3 Cuando fué esto ? 

18. Cuando fui 4 comprar la Biblia para los 
nifios. 

19. Deseo & Vd un feliz afio nuevo. 


Kry To Exzroisze XII (2) 

1. The orphans loved their father. 

2. The students love thoir dog. 

3. I shall love my children. 

4. Do not fail to Jove thine enemy; thus 
the gospel commands. 

5. Dine with us. 

6. We shall dine with you with much pleasure. 

7. A blind man does not require to see to eat. 

8. It is better to laugh than cry. 

9. He won his suit, and gave a big dinner. 

10. Deaf mutes can speak with their fingers. 

11. The actor declaimed very well. 

12. Canaries sing, and dogs bark. 
; 13. When we go to the orchard we eat 
ruit. 
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By Professor J. R. AINSWORTH DAVIS 


F CHINODERMS, or hedgehog-skinned animals 

[see Plate facing], differ from all the forms 
so far considered in the nature of their symmetry. 
Instead of being two-sided, with a well-marked 
distinction between right and left and front 
and back (bilateral symmetry), they resemble 
a star or regular flower in shape, as in 5650. 
The skin is hardened by the deposition of salts 
of lime, and the body is often covered with spines, 
as more particularly in sea-urchins [544]. 

Five existing subdivisions are recognised: 
(1) Sea-lilies and feather-stars (Crinoidea) ; (2) 
sterfishes (Asteroidea) ; (3) brittle stars (Ophtw- 
rotdea) ; (4) sea-urchins (Hchinotdca) ; and (5) 
vea-cucumbers (Holothuroidea). All are marine 

Sea-lilies. Sea-lilies arc deep-sea animals, 
once numerous and flourishing, but now com- 
paratively rare, and only to be obtained by 
dredging in the deeper parts of the ocean. They 
ure fixed by a long jointed stalk bearing circleta 
of sensitive threads and terminating in a cup, in 
the centro of which the mouth 1s situated [547]. 
Radiating from the edges of the cup are five 
branching, feather-like arms, all of which are 
grooved above, the grooves uniting, and finall 
converging to the mouth. They are beset wit. 
cilia, and minute organisms are conducted in- 
wards along them to serve as food. Owing to 
thuir sedentary mode of life, the once abun- 
dant sea-lilies are now on the way to extinction 


“LIVING FLOWERS OF TITE SEA ” 
[See Plate oppoarte| 
A. Aiptasia Couchi—The trumplet anemone 
Al. Echinus miharis—Purple-tipped sea-urchin 
B Sagartia viduata—Snake-locked anemone 
Bl. Sagartia i a re ea a anemone 
©. Ophiocoma rosula—Brittle starfish 
D. Actinoloba dianthus— Plumose anemone 
K. Sagartia lb nce aaN obi iD anemone 
F Bunodes coronata—Diadem pimplet anemone 
Gi, Actinia mesembry anthemum— Beadlet anemone 
G1 & G2, Other varieties of G 
H. Anthea cereus—The opelet anemone 
J. Comatula rosacea—Pink feathef-star on tube of sabella 
. Synapta dintata—A sea-cucumber 
. Corynactis viridis—Tre globehorn anemone 
- Bunodes thallia—Glaucous pimplet anemone 
- Tealia crassicornis—Dahlia wartlet anemone 
. Lophohelia prolifera—Tuft coral 
Sagartia parasitica— Parasitic anemone on whelk shell 
containing hermit crab 
Q. Euplectella aspergillum —Venus’s Flower-lasket— 4 
glass sponge 
R et Churchi#—Gapelet anemone 
8. ner ry coneoreuplcate Lots of a tube-forming 
nne 
. Peachia hastata-—~Arrow musvlet. Body in sand 
Ti. 99 2 Wd 99 Body exposed 
U. Cucumaria Hyndmanni—Ses-cucumber 
V. Asterias rubens—Five-nger starfish 
us Covcynyills Smithii —Devonshire cup-coral 
x 


, ¥ th ol 
X, Balanophyilia reyia— Scarlet and yold star-coral eae 
9 9 Cc 
Y. Sipunculus Rernhardus, & siphon-worm in shell of 
turritella, on iach is colony of balani 
Neptuni—a siphon-worm 
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Feather-stars. The closely related feather- 
stars [548], however, flourish exceedingly, for 
they have given up the stalk, and are able to 
swim about actively by bending and straighten- 
ing thoir long arms. They can also hold fast to 
seaweed, or even climb by means of a whorl of 
jointed threads attached to the under side of 
the cup, and representing one of the numerous 
circlets to be found on the stalk of a sea-lily. 

The life-history of the individual often affords 
a clue to the geological history of its group. The 
feathor-star is a particularly good example of 
this, for in early life it is a stalked larva (588), 
closely resembling a minute sea-lily. After a 
time the stalk is cast off, and a fixed life ex- 
changed for an active one. The best-known 
species (C'omatula rosacea) is bright red in colour, 
and very conspicuous—another example of that 
‘warning coloration’? which denotes inedibility. 


Starfishes. Starfishes are among the most 
familiar objects of the seashore, and the com- 
monest kinds, such as the five-finger (Astertas 
rubens) and the comb-star (Astropecten auranit- 
acus [550], possess five radiating arms. The 
mouth is in the centre of the under side, and leads 
into @ capecious stomach [540], of which the 
first part can be protruded from the body to 
surround such prey as mussels and oysters. 

A starfish crawls slowly by means of numerous 
tube-feet, which are lodged in five grooves radlut- 
ing from the mouth [550], and make up a part 
of the water vascular system, so called because it 
18 full of sea-water. Somo of the details will be 
understood by reference to 540. On the upper 
side of the central disc, in the interval between 
two of the arms, is a furrowed madreporic plate, 
perforated like the top of a pepper castor. Sea- 
water continually flows through it into a calcified 
stone canal which opens below intu a ring canal 
running round the gullet. From this a radial canal 
runs along each arm-groove, and bears a double 
series of tube-feet (only one set is shown 1n 540). 

There is a httle swelling (ampulla) at the bare 
of each tube-foot, and by its contraction water is 
forced into the foot, which is thus extended. In 
the common five-finger and many others the tube- 
fect end in adhesive suckers, which materially 
aid crawling over rock and weed. But in the 
comb-star [540] the feet are pointed, and adapted 
for progression on sand. At the end of each arm 
is an unpaired tube-foot acting as a feeler, while 
on its under side there is an orange-red eye-spot. 


Remarkable Powers of the Starfish. 
The water vascular system also assists in breathing, 
It was probably first evolved in the interests of 
respiration, and this is ite chief use in the sea-lily. 
Some of the spines are formed of little two-bladed 
pincers, which clean the surface of the body. 
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A starfish hatches from the egg as a two-sided 
bipinnaria larva, the body of which is drawn 
into soft arms [588] covered with oilia. After a 
time two rounded thickenings appear in its 
skin, one on each side. These are the beginnings 
of the adult body, which appropriates the 
stomach and some other of 
the larval organs, while the 
rest of these, including the 
soft arms, are absorbed. 

Starfishes are remarkable 
for their powers of restoring 
lost parte. A detached arm 
can grow a fresh disc and 
another four arms. 

Brittle Stara. The 
arms of an ordinary starfish 
are merely continuations of 
the central disc, and glandular 
prolongations of the stomach 


extend into them. But this 5388. staLKED 


is not the case in a brittle star LARVA OF FEATHER- 


{540], where the arms are STAR 


slender, extremely mobile 
appendages, which are readily 
detached, They are the agents of locomotion, one 
being kept to the front, while the others “row” 
the body rapidly along over sand or seaweed 
in a somewhat spasmodic fashion. There is no 
crawling by means of tube-feet as in an ordinary 
starfish, and on examin- es) ‘ad 

ing the under side of the 
body the five-rayed 
mouth will be seen [548], 
but no grooves below the 
arms. These, in fact, have 
been floored-in by plates, : : 
at the sides of which w Ak 
project the tube-feet, used 
in this case only for 
breathing and as feelers. g Mouth 

A brittle star hatches 
out as a pluteus larva canal 
[541], with stiff arms sup- feet 
ported by calcareous rods. The adult body 
arises In much the same way as in an ordinary 
starfish. 

The Seasurchin. An ordinary or regulat 
sea urchin [544] is spheroidal in shape, the mouth 
being in the centre of the a fea 
under side. The calca- ” 
reous plates in the ‘skin 
are very regularly 
arranged in twenty series 
running from the upper 
to the lower pole, and 
disposed in ten double 
seta, comparable to the 


successive atages 





541. PLUTEUS LARVA 


OF BRITTLE STAR 
a. Mou 





a, b, and ¢ show three 





a 
540. DIAGRAMMATIC VERTICAL SECTION 


THROUGH A STARFISH 
b First, and ¢ second parts of stomach one end of the body, is 
d Glandular branch of stomach 
poric plate 1 Surface view of same ea bale 

h Water-vascular ring i. Radial cana 
m. Vesicles of tube-feet 





542. pLuteus LABIA LARVA 


A regular sea-urchin feeds upon seaweed and 
the small animale attached thereto, and to deal 
with these there is a complicated biting arrange- 
ment consisting of five pointed teeth (which 
grow continuously like the front teeth of a 
rabbit), and numerous plates for the attachment 
of chewing muscles. The whole arrangement 
when dissected out looks like an antique lantern, 
and is, in fact, known as 
“ Aristotle’s lantern.” 

The trregular. sea-urchins 
[646] are of more specialised 
nature, and markedly two- 
sided, as well as more or less 
flattened. The mouth has 
been shifted forwards towards 
the front, and is devoid of 
any chewing apparatus, here 
unnecessary, for the food con- 
sista of the nutritious matter 
contained in sand, which is 





swallowed in large quantities. 
mee pe eee A sea-urchin hatches out 
a Month as a pluteus larva (542), which 


differs in detail from that of 
a brittle star. The egg-producing organs or 
ovaries of sea-urchins are valued as food by 
some of the primitive coast-dwelling peoples, 
such as Fuegians, and are the object of a not 
unimportant industry in the West Indies. 

Life on the Floor 
of the Sea. Sea- 
cucumbers are elongated 
tough-skinned creatures 
[545] which crawl on tho 
sea-floor or burrow in its 
deposits, and are much 
more muscular than other 
hedgehog - skinned 
animals, The mouth, at 


e Intestine / Madre- 


surrounded by blunt 


5 Tube. tentacles which help to 
n. Tentacle shovel food into it. The 


skin is hardened by lime to a less extent than in the 
groups so far considered, but contains scattered 
plates of characteristic form, resembling wheels, 
anchors, etc., and making attractive microscopic 
objects. The tube-feet are generally arranged in 
five longitudinal bands, 
though they are some- 
times scattered over the 
surface of the body{545], 
or, more rarely, they 
may be entirely absent. 

some forms which 
creep on the floor of 
the deep sea there is 


“ gores”” of a balloon. Five of these sets are java oF OF SEA- & well-marked distinc- 
perforated by minute holes through which the .., uromn CUCUMBER tion between upper and 
tube-feet project.» These are used for crawli under sides, the latter 
Get pro) ; , Ing = a. Mouth a. Mouth : f 
and climbing. The body is covered with numer- : being flat, and reming- 


ous spines attached by ball-and-socket joints. 
They constitute formidable defences, and in some 
tropical species can effect poisoned wounds. 
Many of the spines are modified into little 
pincers, as in. starfishes, but in this case there 
are three instead of two jaws. 
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ing one of the muscular foot of a snail. - 


A sea-cucumber begins life as an auricularia 


larva (548), which is of somewhat simpler chariie- 
ter than the larve of starfishes and sea-urchihs. 


The dried bodies of sea-cucambets, com- 


mercially known as trepang or béche-de-mer, are 





544, REGULAR SEA-URCHIN 


largely used as food by the Chinese and some 
other Eastern peoples. One of the most im- 
portant trepang fisheries is that of the Great 
Barrier Reef, off the east coast of Australia. 


ZOOPHYTES 


‘«* Simply a Stomach.” Zoophytes (Cclen- 
terata) [see Plate facing page 4081], of | 
which sea-anemones, corals, and jelly- 
fishes are familiar examples, are dis- 
tinguished by the ray-hke symmetry we 
have already noticed among starfishes 
and their kind, though here, asa rule, itis 
more perfect. In structure they are much 
simpler than any of the animals so far con- 
sidered. For such a creature is to all 
intents and purposes simply a stomach, the 
wall of which is made up of two layers of 
cells, one (ectoderm) external, and the 
other (endoderm) internal. In_ higher 
animals a third layer (mesoderm) 18 
interposed. 

The ectoderm is studded with innu- 
merable mucroscopic capsules (thread- 
cells), from which poisoned threads with 
barbed bases can be shot out, serving as 
formidable weapons of offence and 
defence. These assist in procuring food, 
which consists of crustaceans, small fishes, 
and various other animals, for these 
creatures are highly carnivorous. 

The name “ zoophyte ” (Greek : zoon, animal ; 
phyton, plant) was originally applied to some 
of the fixed members of this group ata time when 
their animal character was a matter of doubt. 
Two chief sub-divisions are recognised: (1) Sea- 
flowers (Anthozoa) ; and (2) Hydroids (Hydrozoa). 


648. FEATHER-STAR 
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545. SEA-CUCUMBER a Mouth 






547. SEA-LILY 


549. BRITTLE STAR (UNDER SIDE) 
{Photographs by Prof. B. H. Bentley) 
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646. IRREGULAR SEA-URCHIN 


Sea -flowers. Visitors to the seashore 
certainly will have noticed coloured jelly-hke 
blobs, adhering to rocks, and opening out when 
placed in water, exhibiting a central mouth 
surrounded by circlets of tentacles. ‘These aro 
the sea-anemones [ree Plate facing page 4081}, 
which well deserve their name, for they are 
very flowor-like in appearance. Men- 
tion has been made on page 3808 of the 
way in which some of them are 
associated with crabs and hermit crabs. 
The mouth of a sea-anemone leads into 
a short gullet, that hangs down into the 
cavity of the body, with the wall of which 
it is connected by radiating fleshy par- 
titions (mesentertcs) Between these are 
numerous smaller structures of the same 
kind as project from the body-wall only 
part of the way to the gullet. 

One of the largest of our native ane- 
mones (Talia) has sticky knobs on its 
body to which small stones adhere to 
form # protective covering. When the 
animul is shut up or retracted it is very 
inconspicuous, looking hke a small heap 
of fine gravel. It may be noted in pas- 
sing that the bright colours which 
distinguish anemones and their kind are 
probably of “ warning” nature, such as 
advertise unpleasant properties, in this 
case the ability to sting. Anemones, 
and the same is true for other zoophytes, pro- 
pagate not merely by eggs, but also by budding 
(gemmation) and splitting (fisston), especially the 
latter, which may often be seen in process in a 
marine aquarium. In anemones, however, tho 
products do not remain united to form a colony. 


550. STARFISH (UNDER SIDE) 
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base of the body. They are 
either simple or compound 
(colonial). The well-known 
mushroom coral may be 
taken as an example of the 
former. Its skeleton is a 
shallow cup (552), exhibiting | 
numerous radiating plates 
(septa), corresponding to the | 
intervals between the fleshy 
mesenteries of the polype. 
If we look at the upper sur- 
face of such a coral in the 
living state [551], we shall 
see a mouth surrounded b 

circlets of tentacles, muc 


distributed, some living even 
in cold latitudes, and others 
on the floor of the deop 
sea. Coral reefs, however, 
made up of the skeletons of 
such animals, are only found 
in the warmer of the 
ovean, where water is 
clear, particularly favourable 
conditions being afforded by 
the Pacific and Indian 
Oceans. Three varieties of 
coral reef may be distin- 
guished: (1) Fringing Reefs, 
situated close to the land and 
as in a sea anemone. separated from it by shallow 
A colonial File reat bbe ad Ae) nate ee 
of a number of individuals, HROO urther from the an 
relatively small in size, con- perms m Sonat (fore PARTE separated from it by deeper 
nected together by a common flesh (cwnosarc), water (when round an island they are termed 
and formed by the budding or splitting of a  entreling reefs) ; (3) atolls, rings of coral with 
single original polype, the results a central lagoon much shallower 
of the process remaining united. 7 than the surrounding water. 
Part of such a coral (Sidorastrea) Yawn ite ae Much discussion has taken 
is here figured [855], showing a $ a ie’ me place regarding the origin of coral 








&52, auSHROOM CORAL (SKELETON) 558. BRANCHING CORAL 654. BRAIN CORAL 
(Photographs by Prof. B. H Bentley) 


four polypes and the calcareous cups from reefs. It is known that the polypes can only livo 
which several others have been scraped away. and flourish in comparatively shallow water, yet 

Development of barrier reefs and atolls make 
Coral. Another figure is up walls of coral which 


given [556] in illustration of descend for hundreds, or 
the life-history of the last- even thousands, of feet into 
nemedcoral. An ted the depths. How is this to 


be accounted for? Darwin 
ied, the most plausible 

@ téon, which certainly 
applics to s great number 
cases. It may best be 
illustrated by i the 


ciliated larva hatches from 
ee - 
img about for some time 
fixes itself to some firm 
object, and develops the 
tentacles and mesenteries 
characteristic of the adult. 
It will be noticed that the 
tentacles are at first clearly 
arranged in sixes, and the 


ih 





name thing is true of the ing reef can be formed 
erigieaipis cp ype re peel arg lar 
which is indicated by lines. ialand if we boar in mind 
Many corel 1553], GSS. PART OF COLONIAL CORAL that it is slowly eink 


while others form compact masses, as in the Such slow downward movements are known to 
kind above described, and also in the brain havetaken and to be taking place in various parts 


556. LIFE HISTORY OF A CORAL 


of the world, As depression goes on, the corals 
will continue building on the dead skeletons of 
their predecessors, and after a time will form 
an encircling reef, with the remains of the island 
in the centre. When this is finally submerged, 
the atoll stage is reached. 

Dead Men’s Fingers. We now come to 
sea-flowers of another kind, in which there are 
eight feathery tentacles, and a corresponding 


number of mesenteries. All of them are colonial. 
One of the commonest examples is afforded by 
lobed fleshy masses often cast up on our shores, 
and known by the rather depressing name of 
dead men’s fingers (Alcyontwm). When ex- 
panded, these are very attractive in appearance 
[567], the individual polypes projecting like 
little flowers from the fleshy common body. 

this case the skeleton consists of scattered 
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spicules of lime. In some ofthe related 
however, it is of more compact character. 


for instance, the branching colony is ag es 
by a firm lim oe is is 
covered by the common » from which the 
polypes can be much as in aloyonium. 
what similar in general character is the fan- 
coral (Gorgonia), of which the curious horny 
skeleton [568] is often t home by 
sailors. err me beautif is the organ- 
Pipe coral (T'ubipora musica), 
colauy lives in an logant, ed 
y lives in an 
tube (564). The tubes are 
connected by thin orms 
at regular intervals, and from 
these new polypes grow op 
so that the colony gradually 
increases in size from the base 
upwards. 

Growth on Seaweeds. 
Growing upon seaweeds, and 
often cast up by storms on the 
shore, will be seen branching ) 
structures, frequently mistaken 557. 
for plants, and technically rpesuwaTEe 








558. HYDEROID ZOOPHYTE 


opening shutting 
Pond - dwelling Polypes. There are 
some hydroid zoophytes in which the medusze 
are never set free, and still others in which 
the egg-producing buds are more or less unlike 
, medusz inform. An extreme 
AN) case is afforded by the fresh- 
water polype (Hydra), one of 
the common inhabitants of 
ponds (557), and a simple, not 
a colonial, organism. During 
the summer this animal pro- 
Regates by buds, which are 
hed when mature; but 
on the approach of autumn one 
or two small rounded promi- 
nences & on the basal 
part of its body, and in each 
of these an is formed. 
This surrounds iteelf with a 
horny coat, falls down into 
the mud of the and re- 


mains in «a t state 


known as ,of poryrs > leoden bee during the winter, when most 
which an example (magnified) = «. Buds e Um Jelfy-fsh of the adults peri 

is in 656. The branches Most of the larger jelly- 
of the a t t are horny fishes [560], such as may be seen swimming 
tubes, enclosing the common flesh in shoals during the summer, or stranded on 


of the colony, and in this case they 
end in little cups which shelter the 
individual polypes. Each of these 
resembles a simplified sea-anem- 
one in structure. It has fewer 
tentacles, and is devoid of a gullet 


of the form known as Campanu- 
laria (668)) is of special interest. 
Umbrella - like Jelly- 
fiahes. Attached to the base of 
the colony are elegant urn-shaped 
les, in which buds of 
special character are produced, destined to be 
liberated as free-swimming jelly-fishos (Me- 
duse), representing the 
swimming larva develo 
from the eggs, whic 
— a time settle te me 
branching colonies. Such Moth ie 
a life-hi isanexam- ( 7° 
ple of “ tion of 
generations,” as pre- 
viously described for 
many plants and some of 
the parasitic worms. 
That is to sey it includes 
an egg-producing stage, 
and a stage which propagates by budding or 
splitting. In the last form described, the me- 
use are produced by budding, but in some other 
cases they righ @ process of splitting. This is 
ilustrated by 550, which shows a fixed polype 
dividing transversely into a number of little 
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560. JELLY-FISsH 





Cc 
581. COMPOUND JELLY-FISH 
a. Float }. Swimming bells c. and 
individ: 


ytd corte pads j. Tubing’ tacles nor thresd-cells. 


our shores, have no fixed stage in the life- 
history, their eggs developing at once into 
new jelly-fishes. There are also many colonial 
jelly-fishes in existence, differmg ends being 
served by different members of the colony. 
In the example figured [561] the top individual 
18 & float, beneath which is a series of swimming- 
bells, and below these again are feeding and egg; 
producing individuals, some of which are provi 
with long fishing lines. The Portugucee Man- 
of-war 
. of voyages, is @ com- 
pound jelly-fish, pro- 
vided with a particularly 
large float. 
A few of the relatives 
of the hydroid zoophytes 
; @ calcareous 


i a , * "a é j 
H : oA ’ A ffs 


vA id 
7, ¥ «. 
f C Sponges {Porifera) are 
animais of Kar strac- 


ture, which resemble zoo- 


phytos in many respecte, 
ut possess neither ten- 


Some are simple, but 
most of them are colonial. A simple sponge 
may be compared to a cup or vase with o wall 
perforated by numerous small holes, sgn 2s 
which currents of sea-water stream into the 
central cavity, to make their exit by the main 
opening. They are set up by ciliary action. The 


horny skeleton of a simple 
cup sponge is represented 
in 562. The ordinary bath- 
sponge is the similar 
skeleton of a colonial form. 

Venusa’s Flower 
Basket. In the majority 
of cases the skeleton of 
a sponge is mostly or 
entirely made up of sharp 
needles of lime or flint, 
which may be welded 
together into a definite 
form. <A _ very beautiful 
decp-sea siliceous sponge of 
the kind is Venus’s Flower- 
basket (Huplectella), the 
figure of which [566] 
shows very clearly the 
small holes into which the 
currents of water stream. 
In this case the opening 
of the vase 1s provided 
with a convex perforated 
covering. Another clegant 
form is the Glass-rope 
Sponge (Hyalonema), na- 
tive to the Japanese seas 
[568]. It is rooted in the 
mud by a bundle of long 
glassy spicules, which arc 
slightly twisted. 

Most sponges are marine, 
and, despite their fixed 
habit and apparent help- 
lessness, are pretty free 
irom the attacks of most 
other creatures partly 
because of the innumerable 
sharpspicules they contain, 
and partly because their 
taste and smell are un- 
pleasant. These deterrent 
qualities are often associ- 





566. vENUS’S FLOWER- 
BASKET ‘ 





562. cUP SPONGE 
(With horny skeleton) 





664. ORGAN-PIPE CORAL 
(Tubipoi a) 





565. MILLEPORE CORAI. 
(Millepora) 
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588. FAN CORAL 
(Gorgonia) 


ated with bright warning 
colours, generally red, 
ellow, or orange. The re- 
ations of some crabs to 
sponges has been mentioned 
on page 3808 

A fow sponges of greenish 
colour live in canals or 
slowly-moving streams, at- 
tached to variour firm ob- 
jects. Like so many fresh- 
water organisms, they have 
@ special device for tiding 
over the winter, which is 
very destructive to the 
adults. Towards autumn 
bd develop little mternal 
buds (gemmules), enclosed 
in cases made of peculiar 
spicules, shaped something 
like two little stars united 
by a rod, These buds 
remain snugly in the mud 
till the winter is over, 
and then sprout into adult 
sponges. 


ANIMALCULES 


In the botanical part of this 
course we found that the 
lowest plants are mostly of a 
microscopic size, and unicellular— 
t.e., consisting of a single cell 
or structural unit, essentially 
a fragment of living matter 
(protoplasm), part of which is 
Apecialised into a nucleus. The 
latter appears to regulate the 
vital pctivitios. . 

Ameeba. The lowest ani- 
mals are also unicellular, and the 
popular term ‘“ animalcule”’— 
t.¢e., a little animal—has reference 
to their diminutive size. One of 
the simplest known cases is 
afforded by the Proteus Animal- 
cule (Amba), a mere droplet of 
semifluid substance without any 
definite form [569], or more cor- 
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THE WONDERFUL RONTGEN RAYS 


The Discovery of the Réntgen Rays, and their Use in Surgery. 
Their Benefit to Humanity, and Theories Concerning their Effects 


By Dr. C, W. SALEEBY 


WE are already quite familiar with the fact that 
the radiations called light have variously been 
of undulations or vibra- 
tions in the ether, or of minute material particles 
moving through space at high speeds. We know, 
also, that the latter or Newtonian view is now 
disproved ; but it is extremely important for 
us to recognise that the word radiation is now 
used in physical science to cover two very 
different things—first, various wave motions 
in the ether ; and, secondly, various corpuscular 
motions which are not light but which have a 
very striking resemblance to Newton’s theory of 
light. We may quote from Mr. Soddy, one of the 
most distinguished of the workers in this field, a 
definition of the use of the word radiation in its 
wide modern sense. He says “‘ the term radtation 
is properly applied to indicate an influence 
transmitted radially from its source to its sur- 
roundings, and capable of traversing vacuous 
space without occupying in its transmission a 
period of time great enough to be sensible under 
ordinary circumstances.” The reader wil] not be 
misled by Mr. Soddy’s use of the word vacuous. 
It means vacuous as regards ponderable matter, 
but certainly not vacuous as regards the ether. 
The Work of Sir William Crookes. It 
was Sir William Crookes who first recognised the 
existence of radiations more or less corresponding 
to the type imagined by Newton. In order to 
understand his discovery, we must briefly note the 
elementary facts of a vacuum tube. An electric 
current can be made, under favourable conditions, 
to spark across a gap of air, but a very great 
measure of electric force is necessary to maintain 
any appreciable discharge across even a very 
small interval of air at the atmospheric pressure, 
while a still greater force is needed to start tho 
process. The passage of the spark is made very 
much easier by lowering the atmospheric pres- 
sure. This can be easily shown by sealing plati- 
num wires, which act as electrodes, or conveyers 
of electricity, into small glass tubes, most of the 
air of which has been removed. But at this point 
we cannot do better than quote from another dis- 
tinguished worker in this field, Mr. Whetham. 
“For man these vacuum tubes, 
as they are called, were the electrical playthings 
of the laboratory and popular lecture-room. 
Recent discoveries have raised them from the 
position of scientific oe to the rank of pieces 
of apparatus whereby have been made some of 
the greatest discoveries in physica! knowledge 
that the present generation has seen. Through 
hp a = in bre the hela of the air 
is only a small part of an atmosphere, a discharge 
may Tr be passed by the aid of a voltaic 
battery and an induction coil, or by the use of 
an influence electric machine. As in liquid 
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conceived as consisti 


conductors, the electrode by which the current 
enters is called the anode, and that by which it 
leaves, the cathode. Starting from the cathode, 
we first see a bright glow covering its surface, 
then a space, succeeded by a second dark space, 
beyond which is a luminous column reaching to 
the anode. Within certain limits of pressure 
and strength of current this positive column, as 
it has been called, shows fluctuating striations. 
If the length of the tube be increased, it is this 
positive column alone which increases with it ; 
the two dark spaces and the negative glow vary 
very little with the length of the tube.” 
he Cathode Rays. Sir William Crookes 
proceeded to study the consequences of making 
the vacuum in such a tube extremely high, and 
he discovered, as certain of his predecessors 
had suspected, that certain rays are produced, 
which we now know as cathode rays. The greater 
the exhaustion of the tube the greater becomes 
the size of the dark space or “ Crookes’ dark 
space,” around the cathode. At last this fills 
the whole tube, and the glass opposite the 
cathode begins to display a green phosphorescent 
appearance. Furthermore, if a mica screen be 
interposed between the phosphorescent glass and 
the cathode, a shadow which is notable for its 
sharp definition appears, demonstrating that 
some kind of rays, able to produce phosphores- 
cence in glass, are being thrown out from 
the cathode in straight lines. The properties 
of these cathode rays are extremely remarkable. 
They produce heat in any body which obstructs 
them, and they possess energy, since they will 
drive round a little windmill placed in their way. 
They will actually produce so much heat as under 
favourable conditions will suffice for melting 
a piece of platinum wire or charring a diamond. 
The Cathode Rays and Magnetism. 
Most interesting of all are the relations of 
these cathode rays to a magnet, which deflects 
them. The deflection is that which would be 
expected in the case of negatively-electrified 
particles travelling along the path of these rays. 
Says Professor J. J. Thomson, summing up 
the researches which have since been made on 
this point: ‘‘ Thus the cathode rays carry a 
charge of negative electricity, they are deflected 
by an electric field as if they were negatively 
electrified, and are acted on by a magnetic force 
in just the way this force would act on a nega- 
tively-electrified body moving along the path of 
the rays. There is, therefore, every reason for 
believing that they are — of negative 
electricity in rapid motion, and by measuring 
the deflection  sbaaalpas by magnetic and electric 
fields we can determine the velocity with which 
these particles move and the ratio of the masa 
of tke particle to the charge carried by it.” 


The Lenard Rays. We cannot here 

enter at great length into the various properties 
of the cathode rays. Nevertheless, certain facts 
concerning them must be noted. It was shown 
by Hertz that cll solids are not entirely opaque 
to them, and by Professor Lenard that, under 
certain conditions, the cathode rays can actually 
be made to pass from the inside of a discharge 
tube to the air outside. Cathode rays after 
transmission through solids are now known as 
Lenard rays. They are really one and the same 
with the cathode rays. Says Professor Thom- 
son: “The properties of the rays outside the 
tube resemble in all respecte those of cathode 
rays; they are deflected by a magnet and by 
an electric field, they ionise the gas throug 
which they pass, and make it a conductor of 
electricity, and they affect a photographic plate 
and change the colour of the halide salts of the 
alkaline metals. As, however, it is convenient 
to distinguish between cathode rays outside and 
inside the tube, we shall call the former Lenard 
rays.” 
It is interesting to note that Sir William 
Crookes gave a correct explanation of the cathode 
rays from the first. He said that they were 
“streams of negatively -electrified particles 
projected normally from the cathode with great 
velocity.” Qutside this country his explana- 
tion was not accepted, but we now know that 
he was right. In truth, the work done by ob- 
servers in this country in this new field of physics 
is incomparably more important than all the 
work which has been done elsewhere. When 
we have concluded this subject, we shall have 
quoted from Crookes, Thomson, Whetham, 
Soddy, and Strutt. It is in Germany and 
America that science is appreciated, but the land 
of Newton and Harvey and Darwin is still 
pre-eminent in its creation. 

Rontgen’s Remarkable Discovery. 
Professor Réntgen was enabled to observe the 
invisible rays that go by his name, in virtue of 
the fact that he happened to be keeping some 
photographic plates, well covered, in the neigh- 
bourhood of a very highly exhausted vacuum 
tube. He then found that these plates looked as if 
they had been exposed to light. This was well 
worth looking into. He found that if he used 
@ screen covered with some phosphorescent 
substance, it began to glow brilliantly under 
the influence of something that emerged from 
the tube. Further, he found that certain sub- 
stances obstructed this something while others 
did not. ‘“‘He found that if a thick piece of 
metal were placed between the bulb and the 
ses ea screen a sharp shadow of the 

was cast upon the screen, but that other 
substances, such as wood and thin pieces of alu- 
ini cast but slight shadows, showing that 
the agent which produced the phosphorescence 
could traverse with considerable freedom bodies 
which are opaque to ordinary light. He found 
that as a general rule the greater the density 
of the substance the greater its opacity to this 
. Thus, while the effect produced by 

e phosphorescence could pass through the 
Hesh, 't was stopped by the bones of the hand, so 


that if a hand were held between the discharge 
tube and the phosphorescent screen the outline 
of the bones was distinctly visible as a shadow 
cast on the screen ; or if a purse containing coins 
were placed between the tube and the screen 
the purse itself threw but little shadow, while the 
coins cast a dark one.” 

Characters of the X-Rays. Professor 
Rontgen was worthy of his good fortune, 
and made the most of it. He showed that 
the rays move in straight lines, and that 
on passing from one medium to another they 
undergo no refraction. Unlike the cathode rays, 
they are unaffected by a net. Professor 
Thomson says that he has “sent the rays 
through a magnetic field of about 8,000 lines of 
force per square centimetre for a distance of 
about a centimetre without producing any 
appreciable defect.”” Many attempts made to 
polarise the rays failed ; and these facts seemed 
to suggest that the rays must difier fundament- 
ally from those of light. Nevertheless, on cer- 
tain points they resemble light. Like light they 
are propagated in straight lines, they feebly 
stimulate the retina, they affect the photographic 
plate, they are not deflected by electric or 
megnetic influence, and so on. On the other 
hand, the absence of any refraction does not 
exclude the possibility of their being really 
identical with light. Professor Thomson points 
out that, according to any theory of refraction— 
which we must conceive as dependent upon the 
ratio between the period of vibration of the 
refracting body and the period of the vibrations 
of light—“ there would be no refraction for 
light of very small period, and this would also 
be true if, instead of regular periodic undula- 
tions, we have a pulse of clectromagnetic dis- 
turbance, provided the time taken by light to 
travel over the thickness of the pulse be small 
compared with the periods of vibration of the 
molecules of the refracting substance.” 

The Distinctive Property of Riéntgen 
Rays. In the year following the discovery, the 
late Sir George Stokes suggested that perhaps the 
RGntgen rays differ from ordinary light in that 
they consist not of trains or series of waves, 
but. of irregular disconnected waves or pulses : 
“‘ single disturbances, propagated with the same 
velocity as light, but not followed by « train 
of wave.” Professor Thomson has shown that 
whenever the cathode rays—or, rather, his cor- 
puscles—strike a solid, intense electromagnetic 
pulses must be set up. Since this must be so, 
what can he more probable than that the 
Réntgen rays, produced under these very con- 
ditions, are none othcr than the pulses which 
must occur? Very prohably, then, Sir George 
Stokes was right, and the X-rays consist of 
intermittent ethereal pulses uced by the 
impact of the negative corpuscles upon the glaas 
—which is proportionately intermittent—and, 
furthermore, differing from ordinary light in 
the extreme shortness = pated wave th. ‘i 

At «a comparatively early stage in the 
inquiry it was found that the Réntgen rays 
Mad somewhat according to the conditions 

er which they are produced. This is an 
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important matter theoretically, since it suggests, 
for instance, that there may be a whole series 
of “notes” of Réntgen rays corresponding 
to the notes or colours of visible light. 
Physicians and surgeons also have come to 
recognise the extreme importance of distinguish- 
ing the various kinds of Réntgen rays, since 
one kind may have a curative effect which is 
entircly absent from the others. If the vacuum 
tube has not been exhausted to any very great 
degree—the gaseous pressure within it, therefore, 
remaining pretty high—with the consequence 
that the potential difference between its elec- 
trodes is small and the velocity of the corpuscles 
between them correspondingly low—the Réntgen 
rays produced outside the tube are called soft 
rays, and have the character that they are 
very readily absorbed. 

Penetrating Power of the Rays. 
Very different, indeed, is the penetrating 
power of the rays produced in a tube which is 
very highly exhausted. In such a tube, where 
the potential difference between the two elec- 
trodes is high, the cathode rays travel with 
much greater speed, and the variety of the 
Réntgen rays they then produce are called hard 
rays. Says Professor Thomson: “With a 
highly exhausted tube and a large induction 
coil it is possible to get appreciable effects from 
rays which have passed through sheets of iron 
or brass several millimetres thick. The pene- 
trating power of the rays thus varies with the 
pressure in the tube; as the pressure in the 
tube gradually diminishes, when the discharge 
is kept running through the tube, the type of 
discharge proceeding from the tube is con- 
tinually changing. Not only do _ different 
bulbs emit different kinds of rays, but the same 
bulb may emit, at the same time, rays of different 
kinds. The property by which it is most con- 
venient to identify a ray is the absorption it 
suffers when it passes through a certain thick- 
ness of aluminiui and tinfoil.” But, never- 
theless, experiments made on this point show 
that the rays vary among themselves even 
more than was thought, and, as has before 
been stated, this question of the difference 
hetween various kinds of Réntgen rays 
is not only one of great physical interest 
but may also frequently be a matter of life 
and death. 

The Effects of the Rays. Until quite 
lately it could not be said that the real nature of 
the Réntgen rays was proved, though in all proba- 
hility they were ncither material particles nor 
longitudinal waves in the ether, as the discoverer 
himself had suggested, but consisted of trans- 
verse ethereal disturbances. But if they were 
transverse they ought to be polarisable, and 
until quite lately all attempts to polarise them 
had failed. The use of tourmaline plates gave 
no evidence of polarisation. Quite lately, 
however, another method has been employed, 
in describing which we may quote from Mr. 
Strutt, who is the son and heir ot Lord Rayleigh, 
the President of the Royal Sooiety, and affords 
® conspicuous instance of inherited scientific 
genius. He has made very important con- 
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tributions to various aspects of the subject 
which we are now discussing. 

“The rays,” says Mr. Strutt, “ are allowed 
to fall on some light substance, such as 
paper or carbon. Under these circumstances 
the paper or carbon becomes itself a source 
of rays—secondary rays as they are called. 
The amount of secondary radiation in any 
fixed sideways direction is found to vary, 
as the vacuum bulb giving out the original 
rays is made to turn round in such a way as 
to rotate the beam of rays on itself, without 
changing its direction. his proves that the 
beam has a one-sided character, and establishes 
most satisfactorily that the vibrations must be 
in a transverse direction ; for if the vibrations 
were longitudinal it is impossible to conceive 
how turning the beam round could make any 
difference. Later and more elaborate ex- 
periments have shown that this one-sidedness 
is much more marked in the secondary rays 
an ale than in the original ones from the 
bulb.” 

The Use of the Rays. This must 
obviously be regarded as conclusively proving 
that the Rontgen rays are essentially identical 
with light. If we could show finally that 
the rays have the same speed as light we 
might regard our proof of their nature as 
complete. It has recently been attempted 
““to compare the speed of the rays with the 
speed of electric waves travelling along a wire, 
which is known to be the same as that 
of light.” So far as these experiments have 
hitherto gone they seem to show that, as might 
be expected, the velocity of the Réntgen rays 
is identical with that of light. We may note 
that M. Blondlot, whose alleged discovery of 
the N-rays is still under discussion, claimed 
some two or three years ago to have shown 
that the Réntgen rays are polarisable and that 
they move witb the velocity of light. 

Let us now turn from the purely physical aspect 
of this study to the question of utility, which, as 
a matter of fact, has advanced very much more 
rapidly than the purely scientific question. No 
sooner had Professor Réntgen demonstrated 
the fact that he could see his own bones, or 
rather their shadows, projected by the rays, 
than the surgeons turned the fact to account. 
Plainly, this property would be very much to 
the point if it were applied to broken bones, the 
position of which it is often very difficult but 
wlways very important to ascertain. Nowadays 
a thoroughly up-to-date surgeon with a perfect 
ira atte and plenty of time not only uses 
the Réntgen rays in every case of fracture, but, 
after the fracture has been set, and the band- 
ages and splints and all have heen put on; 
takes another photograph so as to make quite 
sure that the fragments of the bone are lying in 
perfect position. 

The Enormous Gain to Humanity. 
The surgeon acts similarly, in the case of disloca- 
tions, in the case of bullete, and needles. On this 
mere point of finding needles the reader can have 
little idea how many women the discovery of 
the Réntgen rays has benefited. Furthermore, 


it is quite easily possible te see the movements 
of the heart by means of the Réntgen rays, 
and this has emabled doctors to confirm the 
theories formerly held as to the causation of the 
various sounds produced by the normal aad the 
abnormal heart. Many cases of the disease 
known as aneurism can also be readily detected 
by the size of the shadow which the diseased 
artery throws upon the screen. Furthermore, 
the early signs of consumption or tuberculosis 
of the lungs can be detected by the moreased 
opacity which this disease causes to these 
rays, and some observers are of opinion that the 
disease can be thus diagnosed sooner than by 
any other means. Again, there is a large 
number of different kinds of stone occurring in 
the body, the presence of which can be detected 
by the shadow which they cast under those 
Tays—a means of diagnosis which is now of 
the utmost value in surgery. 


The Roéntgen Rays and Living 
Matter. It is a curious ciroumstance that, 
so far as can be judged, the X-rays have no 
deleterious action upon microbes. This _ is 
curious, because, as we shall see, they are of very 
great value indeed in the treatment of various 
diseases of microbic origin. When the Rontgen 
rays are allowed to act upon the skin, they cause 
a number of remarkable changes in time. They 
very often destroy entirely the roots of the hair, 
though hitherto it has not been possible to con- 
trol the production and character of the rays in 
sufficient degree to justify their use as a substitute 
for the razor in the case of priests or other persons 
who are compelled to spend a considerable part 
of their lives in keeping down a beard which 
might be arrested for ever by the Réntgen rays. 
The skin itself is also apt to undergo various 
changes which may amount either to severe 
inflammation or even to actual destruction. 
It is the lamentable fact, also, that the ulcers 
produced by these rays sometimes become 
cancerous. Doctors and their assistants, work- 
ing the Rontgen ray departments of hospitals, 
are now learning that it is necessary to protect 
themselves by means of leaden gloves or shields. 
The most opaque substances of all to the Rantgen 
hr are platinum, meroury, bismuth, lead, and 
silver. 


The Displacement of the Knife. The 
public are already familiar with the use of the 
Réntgen rays in diagnosis, but in quite recent 
times they have been employed as a means of 
treatment, and in many cases their use has been 
followed by the most astonishing, not to say 
unexpected success. Like ultra-violet. light. the 
RGéntgen rays are perfectly effective in curing 
lupus, but their penetrative power is far greater. 
In the therapeutic use of ultra-violet light, great 
importance is attached to the exclusion of as 
much biood a6 possible from the area of the skin 
to be acted upon, for even the thinnest film of 
blood absorbs these rays. Very different, however, 
are the oe which will pass right 
through the body, thus their range of employ- 
ment as therapeutic agents is very much greater 
than that of ultra-violet light. The Rontgen 


situated cases of lupus 
against which the Finsen treatment is power- 
less. Besides this disease, a donen other diseases 
of the skin might be named, including notably 
ringworm and its allies, which are curable, and 
are now constantly treated, the Réntgen 
rays. Much more important is the conquest by 
this means of one variety of canoer—that known 
as rodent ulcer. it is true that this is by far the 
loast malignant variety of cancer, and the reason 
why it alone is susceptible to the action of tho 
Rontgen rays is doubtless that it is also the 
most superficial variety. But rodent ulcer is a 
commen disease, and no words can say how 
magnificent is the gain involved in the displace- 
ment of the knife by these rays in the treatment 
of this once terrible disease. 


Cures by Rdontgen Rays. These 
facta raise questions of the very greatest 
scientific interest, and more especially when we 
realise that the rays apparently have no anti- 
septic action in the ordinary sense. The cures 
they effect seem to be due to their stimulation 
of the tissues of the body, and the question we 
must ask ourselves, without any possibility as 
yet of answering, is—How do these clectro- 
magnetic pulses so affect living matter as to give 
rise to these consequences ? Science will have 
advanced much further before it is possible to 
explain these facts in physico-chemical terms. 

The rapid advance of the physics of the 
Réntgen rays has been of great value, of course, 
as regards their application in what used to bo 
called physic. Notably, it is now being found 
that when rays of the right kind are employed 
in sufficient abundance their therapeutic action 
is very far from being confined to the surface of 
the body. On the contrary, there arc various 
diseases of the internal organs, most of them 
responsive to no other kind of treatment, in 
which great gain results to the patient from the 
employment of the Rontgen rays. It is nothing 
short of amazing to contemplate the revolution 
in many branches both of surgery and of 
medicine which has beon effected in a few short 
years as a direct consequence of Professor 
Roéntgen’s first observation. 


The Theory of Radiation. We have 
now completed our discussion of many various 
kinds of radiation. We have said all that fhere 
is time to say of the rays of ordinary light, the 
ultra-violet rays, the infra-red rays of radiant 
heat, the still somewhat dubious N ray and the 
Rintgen rays. The proposition has been 
submitted that, widely though these differ 
from one agother in respect of their physical 
properties, and still more widely in respect 
of their influence upon our senses, yet they 
are one and all to be regarded, together with 
many other radiations known and unknown, as 
fundamentally identical. 

For our present purposes, then, we must 
dismiss the differences between these various 
kinds of rays, and must consider the extremely 
difficult subject of radiation in general, recog- 
nising that by this term we include radiations 
visible and invisible. 


rays will oure 
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Radiation and Temperature. This 
is one of the most complex subjects in 
the whole of payers and we can present it 
merely in outline. More important than any 
of its details is the recognition by the student 
that there is, or may be, a general theory of 
radiation. Perhaps the first fact worthy of 
being insisted upon is the extreme intimacy of 
the relation between radiation and temperature. 
This is of the utmost importance in respect of 
theory and of equal importance because of the 
remarkable information which the application 
of this principle affords us when we turn to the 
study of the stars. Let us recall for a moment 
what we have learnt regarding heat. We have 
seen that heat may be transferred by conduction, 
by convection, or by radiation; but now we 
May consider more critically this last process, 
which we shall find to be fundamentally different 
from the other two. We know that a radiant 
body in consequence of its radiation cools. We 
know also that the bodies which absorb the 
radiation are heated, but are we entitled to 
apply the term heat to that which passes between 
the radiating and the absorbing bodies? The 
nature of the problem is usually obscured by the 
Janguage we employ. We describe what passes 
as radiant heat. But the critical reader will have 
already noticed that there is a fundamental 
distinction between this radiant heat which, 
wccording to our latest studies, is none other 
than an electromagnetic phenomenon of the ether, 
and the ordinary heat, which consists, as we have 
said, of a vibration of certain material molecules 

We may utilise the words of Professor Tait 
in proof that radiant heat is not really heat 
at all, though it may be in some way caused 
by heat and in some way cause heat. ‘‘ When 
a piece of clear ice is cut into the form of a 
Jarge burning-glass, it can be employed to 
inflame timber by concentrating the sun’s 
rays, and the lens does the work nearly as 
rapidly as if it had been made of glass. It 
is certainly not what we ordinarily call heat 
which can be transmitted under conditions like 
these. Radiation,is undoubtedly a transference 
of energy, which was in the form commonly 
called heat in the radiating body, and becomes 
heat in a body which absorbs it ; but it is trans- 
formed, as it leaves the first body, and retrans- 
formed when it is absorbed by the second.” 

Visible and Invisible Light. The 
reader will understand that the term “radiating ” 
in the above quotation includes all luminous 
bodies. We are speaking now not merely of 
radiant heat, but of light as well. This we 
shail see by another quotation showing the 
absolute continuity between the visible and 
the invisible ‘The more intensely a cannon- 
ball is heated the more luminous does it 
become, and also the more nearly white is 
the hght which it gives out. So well is this 
known that in almost all forms of civilised 
rpéech there are terms corresponding to our 
‘red-hot,’ ‘ white-hot,’ etc. As another in- 
stance, suppose a powerful electric current is 


made to pass through a stout iron wire. The 
wire becomes gradually hotter, up to a certain 
point, at which the loss by radiation and con- 
vection just balances the gain of heat by electric 
resistance. And as it becomes hotter the amount 
of its radiation increases, till at a definite tem- 
perature it becomes just visible in the dark by red 
rays of low refrangibility. As it becomes still 
hotter. the whole radiation increases ; the red 
rays formerly given off become more luminous, 
and are joined by others of higher refrangibility. 
This process gocs on, the whole amount of radia- 
tion still increasing, each kind of visible light 
becoming more intense, and new rays of light of 
higher refrangibility coming in, until the whole 
becomes white—that is, gives off all the more effi- 
cient) kinds of visible light in much the same 
relative proportion as that in which they exist 
in sunlight. When the circuit is broken, exactly 
the same phenomena occur in the reverse order, 
the various kinds of light disappearing later as 
their refrangibility is Jers. But the radiation 
continues, growing weaker every instant, even 
after the whole is dark.” 

This illustration affords one more proot of 
the continuity between the visible and the 
invisible, but it also constitutes an illustration 
of the proposition that there is a definite relation 
between temperature and radiation. If we 
tranrlate what happens into the best symbols 
that we know, we must imagine that as the mole- 
cules of the wire become hotter and the character 
of their vibrations alters, so they give rise to 
ethereal waves of shorter and shorter wave lengths 
and greater and greater frequency. 

The Laws of Radiation. The whole of 
radiation, then, is one phenomenon, and to have 
discovered this constitutes a great triumph of the 
mind over the imperfections of our senses. Let us 
now consider what general propositions can be 
advanced beside that of the relation between 
temperature and radiation Nearly half a cen- 
tury ago Balfour Stewart showed “ the absolute 
uniformity, qualitative as well as quantitative, of 
the radiation at all points and in all directions 
within an enclosure impervious to heat when 
thermal equilibrium has once been arrived at.” 
He showed, by many experiments and observa- 
tions, that radiation and absorption rigorously 
compensate each other, not merely in quantity 
but in quality also, so that a body which is 
A paged absorptive of one ade roe ray is m 
the same proportion specially radiative of the 
same ray, ita temperature being the same in 
both cases. Stewart's final statement was that 
‘at any temperature a body’s radiation is ex- 
actly the same, both as to quality and quantity, 
as that of its’ absorption from the radiation of a 


black body at the same temperature.” 


The last proposition shows that Stewart worked 
first at radiant heat, but his propositions were’ 
true alike of light. In short, they are truo of 
radiation in general. Balfour Stewart's work 
was, indeed, a confirmation and extension of the 
very important idea first enunciated by Prévost 
in 1791, and called by him the Law of Exchanges. 


Continued 
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Donestic Filters 


By Professor HENRY ROBINSON 


Welle for Cottages. At the Conference 
on “Water Supplies and River Pollution,” 
held by the Royal Sanitary Institute in London 
in 1901, the question of the water supply to 
isolated cottages and small groups of cottages 
was brought forward by Dr. Thresh, the Medical 
Officer of Health, Essex County Council. and 
he showed two of the simplest methods of 
well construction that had been adopted tu 
ensure the exclusion of pollution from the well 
by making the first 12 ft. or so watertight. 
Figs. 5 and 6 are illustrations of these wells. 

Impurities in Water. Water contains 
mineral impurities in the form of soluble salts 
which have been absorbed during its flow 
over or through the various geological forma- 
tions from which the supply is obtained Where 
the water has come into contact with metalliferous 
deposits contain- 
ing salts of lead 
or copper it must 
be regarded as 
dangerous to 
health. 

Soft water, 
being free from calcareous 
matter, dissolves peaty sub- 
stances from vegetation on 
the watershed from which 
it flows, and these cause 
the water to be slight 
acid and to attack metals 






bacteria. The writer has carmed out works 
where this was successfully accomplished, a 
very foul sewage-polluted water being freed 
from all micro-organisms by passing into the 
flowing water automatically an amount of the 
sterilising fluid called electruzone. 

Taking Samples of Water. Samples 
of water for chemical and bacteriological ex- 
amination require to be taken in a definite 
way. The bottle, generally a Winchester quart, 
is carefully washed with distilled water and 
exposed in an oven to a high temperature to 
sterilise it In taking the sample the bottle 
should be quite immersed before the stopper 
is removed, and it should be replaced under 
the water when the bottle is full, so as to pre- 
vent any surtace scum from entering If the 
sample is trom a shallow stream or well, care 

must be taken 


not to disturb the 
fee sediment. The top 
fa gr of the bottle 
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securely closed, 60 
that nothing can 
: gain access to 
. the bottle until it 
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such as lead, boiler-plates, Ri caer fe, «6s the «care of the 
and to form incrustation : ose analyst. 
thereon. i: Tae Hardness of 
For storing soft water iyaascegs sage Ee Water. Hard- 
in houses, lead in any form i BSH: . ness in water is 
must be avoided for cis- + Hes -. caused by the 
terns. Enamelled iron, c= Eee presence of car- 
saa prep iate deer 5. 8. Rona sulphates 
ware, and slate, are us and nitrates of 
for cisterns to hold soft aml lime and mag- 


water. Iron is sometimes used, having a pro- 
tective coating of quick-drying asphalte varnish. 

The effect of storing polluted water in copper 
vessels has attrac attention of late years 
owing to its having been observed that in 
India, during a cholera epidemic, one district 
escaped. It was found that the people there 
stored water in copper vessels and were immune, 
although the condition of the water was the same 
as in the neighbouring districts which were 
affected. Recent Sigsir a ee shown that 
co is destructive of pathogenic organisms. 

anus water can be sterilised by applying 
to it electrolysed salt water. By paesmg a 
current of electricity at a low voltage through 
a saline solution a fluid is produced which has 
an intensely sterilising effect, and destroys all 


nesia. Hardness is either temporary or perma- 
nent. It is called temporary if the carbonates 
are present, as they are not to any practical 
degree soluble in water, but they are in the 
carbonic acid, which is in solution, and which 
can be driven off by boiling the water, when 
the carbonates are precipitated and the water 
is made soft. To soften water on a large 
scale, caustic lime as Jime-water is added to the 
water, and, combining with the carbonic acid, 
forms carbonate of lime, which precipitates. 
The term hardness a gy that a certain quan- 
tity of soap has to be decomposed before a 
lather can be formed. When water ia said 
to have a certain number of degrees of hardness, 
it is meant that a gallon of water will curdle 
and precipitate as much soap as would be 
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precipitated by a gallon of pure soft water in 
which that number of grains of carbonate of lime 


had been dissolved. Water 
of 12 degrees of hardness 
wil precipitate as much 
80a) a8 pure water would 
to which 12 grains of car- 
bonate of lime had been 
added per gallon. Lime 
alone will reduce the degree 
of hardness from 18 degrees 
to 4 degrees, and will effect 
@ saving in the use of soda 
and soap. A_ hundred- 
weight of quicklime, costing 
8d. or 9d., is productive of 
softening represented by 
4} cwt. of carbonate of 
soda and 20} cwt of soap. 
The writer carried out 
works to soften very hard 
water at a large public 
institution, and it was found 
that the saving effected in 
various ways more than 
covered the repayment of 
the loan for the works, 
besides the attendant com- 
fort and convenience of the 
people. 

Deposita in Boilers. 
Hard water causes deposits 
in boilers, which are most 
undesirable as the scale 
formed leads to unequal 


heating of the metal and the risk of ex- 
The writer applied a simple softening 
arrangement to water of 145 degrees of hard- 


plosions. 


ness at an installation of 
boilers, and reduced the 
hardness to about 4 degrees, 
using a pound of lime to a 
thourand gallons of water, 


incrustation bemg _ pre- 
vented. 
Water Softening. Per- 


manent hardness is caused 
by the water containing 
certain salts in solution, 
the chief of which are 
calcium chloride, magnesium 
sulphate and chlomde. and 
sulphate of hme. These 
can be removed by adding 
carbonate of soda to the 
water in proper proportions, 
and storing the same in 
suitable chambers, where 
deposition takes place. 
Several mechanical arrange- 
ments have been devised to 
accomplish this. One is 
called the Criton Water 
Softener [7], made by the 
Pulsometer Engineering Co. 

The quantities of the 
,Yeagents are measured by 
filling vessele of given 
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SECTION OF DESRUMANX WATER 
SOFTENER 


capacities adjusted to 
portion of reagents to 





ive the required pro- 
e hard water. 

The hard water is ad- 
mitted to a tank divided 
by a partition into two 
unequal portions; the 
larger of these, which con- 
tairs a syphon, is called 
the syphon-tank, and the 
smaller the measurer. The 
top of the partition is two 
inches below the level at 
which the syphon begins to 
discharge. When the level 
of the water in both com- 
partments has reached the 
discharge point, the syphon 
automatically discharges the 
contents of the syphon-tank 
into the mixer, Jeaving the 
other compartment brim 
full. In the syphon-tank 
is a float, which, as it de- 
scends, lifts, by means of a 
lever, a valve at the bottom 
of the measurer, and permits 
the accurately measured 
quantity of water to run 
into the limer, displacing 
on equal quantity of clear 
lime-water, which overflows 
into the mixer. During its 
passage upwards in the 
limer the water passes 
through a bed of slaked 


lime, and on reaching the top has become 
saturated lime-water. 
stirred up by an egitator worked from the float 


The bed of lime is kept 


of the syphon-tank. 

Attention was called in 
the “Public Health En- 
gineer” for September, 
1905, to an apparatus for 
softening water called the 
Desrumanx, which deserves 
mention. 

This apparatus, as will 
be seon from the section 
shown in 8, consists of two 
cylindrical tanks, the one on 
the left-hand side of illustra- 
tion being the lime saturator 
for making lime-water, and 
that on the right-hand side 
being the decanter, in which 
the reagents are mixed 
with. the water to be 
softened, and the clear 
soft water decanted and 
filtered ready for use. 

Filtering. For filtering 
water on a large scale for 
public supply the form of 
filter employed in the past 
consists of a layer of clean, 
sharp sand, about ; in. 
average size, from two to 
four feet in thickness, 


beneath which ia a thinner layer, about six inches, 
of fine gravel, with a layer of coarse gravel 
underneath. A series of small drain-pipes at 
the bottom carries the water, which passes 
downwards, to the 
main collecting out- 
let drain or drains. 
At the farthest 
ends of _ these, 
drains from the 
outlet pipes are 
carried up the walls 
of the  filter-bed 
to the surface, to 
enable the air in 
the bed to escape 
when the filter is 
being filled. The 
usual rate of ‘filtra- 
tion varies with 
the conditions of 
supply and = de- 
mand, but that 
which has been 
adopted for the 
supply of London 
is about 400 gallons to 600 gallons per 
sq. yd, per 24 hours, the rate being measured 
by a meter, either at the inlet or outlet. The 
head of water on the top of the filtering material 
is regulated to about two feet. The clear water 
is conveyed to a tank, which should be roofed in 
if it is in the open, and placed at a level to enable 
it to receive the water from the filter-bed. When 
the cistern is quite full and the bed emptied for 
clearing purposes, the head can foree water up- 
wards through the bed to remove impurities. To 
obtain a uniform rate of filtration through the 
whole of the bed, which is an important matter, 
the length, number, and size of the drains heve to 
be arranged to meet the variation in pressure 
in the drains, which is least towards the outlet. 

The rate of percolation through the bed 
should be regulated to prevent its being water- 
logged, as the removal of organic matter in 
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of vegetable and organic matters floating 
in the water before it is passed over the 
filter. This view has been shown to be incorrect 
by the observations which were made by Mr. 
Clark, the chief 
chemist to — the 
Massachusetts 
Board of Houlth, 
and communicated 
m 190) to the 
Institution ot 
Civil Knugimeers by 
Mr Rutter, who 
was connected with 
one of the large 
stations for the 
supply of London, 
He carried out a 
plan by which the 
surface film = was 
systematically dis- 
turbed on a large 
area, of open filters 
dealing with 
25,000,000 gallons 
of water per day. 

Candy’s Water Filter. Candy's system 
of water purification consists in forcing air 
under pressure into the water, and subse- 
quently passing the acrated water through 
a filtering medium in which “ polarite”’ 
plays a part m conjunction with sand. The 
combined effects of acration and filtration have 
been found to yield an excellent water at Hast- 
ings and St. Leonards. 11 has heen characterised 
by the waterworks’ engineer there as being 
“ealourless, sparkling, and of the highest 
organic purity,’ and he states that the syatem 
is ‘‘a most satisfactory and economical method 
of purification.” The material called polarite 
is an artificial one, prepared specially for use in 
sewage and water filters, and being insoluble, 
and having an oxidising property, has been 
found useful in this connection. 

Fig. 9 shows filters, 15 {t in drameter, at 


the water is the Hast- 
not by me- ings  Water- 
chanical but works, for 
by bacterial dealing with 
agency, and 2,000,000 gul- 
the micro-or- lons a day. 
ganisms that Figures 10 
accomplish and 11 show 
this are a front and 
aerobic, re- end view of 

uiring air. two out of # 
The foregoing ts = battery at 
system of fil- re Cardiff. The 
tration has eoart of 
been termed cleansing and 
the slow sand working, in- 
method. cluding = up- 

It was at 10. FRONT VIEW OF CANDY FILTERS keop, is 
one time sta to be 


thought that the efficiency of a sand filter, 
as regards the removal of bacteria from the 
water, depended on the maintenance of the 
surface film, which is formed by the collection 


lp 2B 


about Id, per 50,000 gallons for a town’s supply 
of over 1,000,000 gallons a day. 

Steriliaation of Water. The sterilisa- 
tion of water in tho field was the subject of 
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an imspection by Mr Amold-Forster (then 
Secretary of State for War), at Mullbank 
Barracks, in August, 1905, of 
several apparatus for that 
purpose. They were classed 
under three teads First, 
chemical methods of stenh- 
sation by the employment 
of permanganate of potash, 
bisulphate of soda, alum, 
sulphate -of copper, bromine, 
1odine, and chlorine The 
second class of apparatus 
employed filtration, and the 
third class reed upon boil- 
ing the water. The Jast 14 
advocated by some authonties 
for army purposes, as the rough 
treatment to which filters 
would mevitably be exposed 
in the ficld might lead to the 
unnoticed breakage of a candle, 
whereby the water passing 
through it would be unfil- 
tered, and the consumers would 
suffer accordingly 


The ‘“ Jewel” Filter. 


water purification that has been introduced by 
the Jewel Export Filter Company (of America) 
has been so successful that 1t deserves mention 





er 


It is based on the application of some harmless 
soluble salt, such as sulphate of alumina, as a 
coagulant to the water, after which sedimentation 
and filtration 1s effected in specially arranged 
tanks, either open, when they are termed gravity 
filters, or closed, when they are called pressure 
filters. The writer has before him the results of 
oe sy ive tears of the Shrtaraers of water 

y ters, and it appears that possess 
advantages over the ordinary sand filters, called 
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The system of 
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by the Americans the slow sand system, while 
the Jewel filter is termed the quick sand filter. 

In comparison with slow 
sand filters, it 1s claimed 
that rapid filters possess, 
among other advantages, 
the capacity to treat very 
turbid waters and to re- 
move a large percentage 
of colour. 

Figs 11 and 15 show 
a Jewel “ gravity” filter 
with and without a sub- 
sidence basin, and 18 
shows a “ pressure” filter. 

The addition of sulphate 
of alumina to the water 
results in the formation 
of a gelatmous imsoluble 
coagulum of considerable 
bulk, and of greater 
specific gravity than the 
suspended particles pre- 
sent mn the water The 
natural precipitation of 
ths coxgulum brings about 
the aggregation and deposit of the greater part of 
the suspended matter By thw means from 40 
to 75 per cent of both suspended matter and 
bsctenia can b> removed from the water before 
it, reaches the filter bed 

The filters consist of 
wood, iron, steel, or con- 
crete tanks, containing a 
bed of carefully graded 
and selected sand of uni- 
form size, supported by 
a special screen system 
To these are connected 
the necessary influent, 
effluent, wash water, and 
sewer-pipes 

The rate of filtration 
may be varied from 1,600 
impenal gallons to 3,200 
imperial gallons per foot 


per diem, or from 
70,000,000 gallons to 
140,000,000 gallons per 
acre per diem The 


maintenance of this rate 
of flow requires a large 
filtermg head, varying 
from 6 ft. to 14 ft. A 
relatively small head of 
water 18 carried over the 
sand bed, as it has been 
found that a negative 
head gives better results. This relatively oe 
filtermg head results in the compacting of the 
sand bed. On this bed the pid eal and 
straming out of the coag material causes 
the rapid formation of a gelatmous and stieky 
film. This film retains the greater part of the 
bacteria and suspended matter. 

When the filtermg film has become too thick 
and dirty for filtration to be economically con- 
tinued the sand bed is washed. This is done 





by reversing the flow of water; a current, pre- 
ferably of fillered water, is forced upwards with 
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18. JEWEL PRESSURE FILTER 


considerable velocity through the screen system 
and sand bed, wholly removing the deposited 
film and accumulated dirt, and restoring the 
sand bed throughout its entire depth to a state 
of purity. All sand grains coming into contact 
with water containing organic matter will, in 
course of time, collect an organic coating, 
particularly if the water passing through them 
carries with it any oil or greasy matter. The 
grains then become smooth and slippery, and 
deteriorate in filtering efficiency. This shiny 
organic coating surrounding the filtering sand is 
easily removed in a few hours without removing 
the sand from the filter tanks. 

As in slow sand filters, it is most important that 
the rate of filtration should be perfectly uniform, 
and that the pressure should be gradually and 
uniformly increased as the bed becomes dirty 
and less porous. To secure this, all filters are 
provided with a patent automatic controller 
that maintains a perfectly uniform rate of 
flow under all conditions. Thy are a'so pro- 
vided with loss of head gauges, that show at 
once the regularity of the increase of the filtering 
head. Each filter is also fitted with a valve 
connected to the waste-water main, so that, if 
desired, the first filtered water can be run to 
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waste. Special sample draw-off cocks are pro- 
vided, and the operator has at all times control 
of each individual filter and a knowledge of its 
condition. 

Pressure Filters. For domestic and 
manufacturing purposes, and in some cases for 
municipal supplies, the pressure type of filter 
will be frequently found to be more convenient 
than the gravity type. 1 requires no machinery 
for agitating the sand bed. It occupies less 
Bpacc, und iW sometimes more economical, as in 
many cases it is possible, by using a pressure 
filter, to avoid double pumping. It also saves 
the additional pumping of water for washing the 
filters. Many patterns of pressure filters have 
been constructed, but the New York pattern, as 
shown in the illustration [13], has been proved to 
be the most satisfactory and convenient. The 
filter bed consists of carefully graded sand, sup- 
ported by a screen system, as in the gravity type ; 
het tha whale ig enclosed in an iron or steel 
cylinder tested to 100 lb. pressure. The bed is 
washed by a reversal of the flow, and, as in the 
gravity pattern, the full volume of wash water 
can be directed into cither the whole or separate 
sections of the filter bed. 

The Jewel system of filtering water was adopted 
—— — inconnection 
with the 
Alexandria 
waterworks, 
and the com- 
pletion of 
the filters 
was inwugu- 
rated by the 
Khedive — in 
October, 


i 1905. Before 


the system 
Wah Intro- 
duced a most 
exhaustive 
series of experiments was made, and the chief en- 
ginecr and the sanitary inspector reported to the 
municipal council in July, 1905, the complction 
of the entire works, Their report states that in 
the case of the bacterial efficiency of the new 
‘filters, from numerous analyses which 
have been made, it is enpecially 
shown that the removal of the 
microbes from the raw water by 
the process of subsidence and filtra- 
tion has always been very satisfac- 
tory. Even during the most difficult. 
periods of filtration, when the 
efficiency was at its worst—that is 
to say, during the first half hour 
efter the washing of the filter—it 
was never below 99 per cent. It 
takes but five minutes to wash a 
filter, and yet within fifteen to 
twenty minutes after the begin- 
ning of a new period of work 
the filter again acquires its normal 
cfficiency. It should be especially 
noted that the filters have worked 
under very difficult conditions owing 
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to the presence of numereus alge in the raw 
water (season of green water). Notwithstanding 
this the results of filtration con- ; 
tinued to be satisfactory. To cite 
but one example, the number of 
bacteria, always entirely harmless 
in the filtered water, was on July 
8th but 22 per cent., while the raw 
water contained about 8,000 per 
cent. Upon the whole it is stated that the 
new process of filtration produced a water 
perfectly limpid, clear, and practically free 
from the microbes of the raw water. 

Oxidium. Reference has been made to the 
results obtained by using polarite in filters. A 
new filtering material employed by Mr. Candy, 
called ‘‘Oxidium,” has recently been brought 
out, having properties similar to those of spongy 
sacar lt has been the subject of experiment 

y Dr. Thresh in comparison with polarite, and 
he states that oxidium reduced the free ammonia 
90 per cent., and the organic ammonia 50 per 
cent , more than polarite. 

Domestic Filters. The examination of 
water that had been passed through the various 
forms of domestic filters that were much in 
vogue years ago was confined 
to chemical analysis only, and 
the dangers attending the a 
employment of a filter that 
had become foul with use were 
not realised. When _bacterio- 
logical tests enabled the 
presence of micro-organisms —@jgjenep 
to be detected the whole aspect 
of the matter became changed. 
Filtera which had previously 
been used for a long time, 
until some discoloration of~ 
the water, bad odour, or un- 
satisfactory chemical analysis 
caused them to be sent back 
to the makers to be cleaned, 
were no longer regarded as 
affording safety. any dis- 
tinguished bacteriologists ex- 
amined domestic filters, and 
their published opinions 
showed that the majority of 
the old types of filters culti- 
vated, rather than destroyed, 
disease germs. 

There are a variety of 
filters made on the principle 
discovered by Pasteur and 
Chamberland of employing 
particular earths which arrest disease germs. 
Fig. 14 shows a cistern filter exposed through 
the broken side of the cistern. 

It consists of a galvanised iron frame with 
one or more rows of filter-tubes, connected by 
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strong elastic collectors, and carried in a 
galvanised wrought-iron cage. The collectors 
: are connected with a 
main collector, of which 
the end projects through 
the cistern, and is con- 
nected to a syphon pipo 
furnished bar — ge 
ee Mee, Permitting the flow o 
pes Altered, eaten and for 
! expelling the air on 
| on starting. The quantity 
mo delivered varies from 100 
ih gallons to 400 gallons a 
day, according to the 
number of rows of tubes. 
If a single tube only is 
used, as shown by the 
illustration of the service 
filter [16], about 8 gal- 
lons a day would be the 

supply, with a water 
U pressure of 30 lb. per 
8q. in. 

The Berkefeld 
Filter. The Berkefeld 

Filter is an excellent one, effecting the de- 

struction of disease germs. The filtering 

medium is in the form of porous hollow cylin- 
ders of various sizes, made of what is described 
as kieselguhr, an infusorial or silicious earth, 
consisting of the fossilised skeletons of diatoms. 
The makers prefer the filter to be used with 
water under pressure. Fig. 16 shows a filter 
of the H type, tor ordinary house use. 8 is 
the inlet tap, T is the filtered water outlet, and 
U is the flushing tap 

A combination of the Berkefeld filter and 
pump is shown in 17, called the N type. 
This has been largely used by travellers, military 
men, and others who have to obtain their water 
from sources which, if used unfiltered, would 
be dangerous to health. 

The filtering cylinders require periodical clean- 
ing and sterilising in order to restore their original 
filtering capacity. As all the impurities are 
collected on the outside of the cylinder, gradually 
producing a slimy coating, all that is required is 
to remove the cylinder carefully from the casing, 
and while holding it under a tap to brush it 
gently with a piece of loofah, supplied for this 
purpose with each filter, or with a clean brush, 
which must not be too hard. Great care must 
be taken that no soap or other greasy matter 
comes into contact with the filtering cylinders. 
Complete sterilisation can bé obtained by placing 
the cylinder, after been cleansed by brushing, 
in a clean vessel with cold or tepid water, and 
then boiling for an hour. After having been 
boiled the cylinder must be allowed to cool again. 

Continued 
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By JUSTIN McCARTHY 


MEAN TIME, continental Europe was dividing 
and subdividing, distributing and redis- 
tributing itself into distinct states, which were at 
this time settling down into something like the 
lines of demarcation they have since maintained. 
Many of these lines were afterwards broken 
into and confused, and realms which were then 
formed afterwards became blended by circum- 
stances with realms of superior strength. But 
even at the time when the Wars of the Roses 
came to an end the peoples of the European 
continent were beginning to form themselves 
into those states, monarchical or repubjican— 
for the most part monarchical—in which they 
are Sao yf in the maps of the present time. 
The principle of nationality counted for little in 
the formation of these early kingdoms and re- 
publics. Every rising state in Europe, and in many 
other parts of the world, went in for a policy 
of conquest and annexation, and did not trouble 
to ascertain whether the newly-annexed region 
could be made a contented and adhering part 
of the power that had conquered it. Even in 
Europe many different nationalities were now 
made part of one state, and, again, part of 
another ; continued for generations and even 
for centuries to be parts of the dominions of each 
successive conqueror; then at length broke 
away, and, by the force of victorious resistance, 
established themselves as independent nations. 


The House of Capet. With the reign 
of Hugh Capet began the monarchy of France 
as it lasted until the French Revolution. Louis 
le Gros, who reigned from 1108 to 1137, did 
much to improve the condition of the country ; 
he regulated the feudal system, abolished 
serfdom on his own estates, and founded the free 
burgher class. Philipe Auguste, who came to 
the throne in 1180, took an active part in the 
Crusades. There were many wars in his reign ; 
he recovered Normandy, Maine, Touraine, 
and Poitou from King John of England, and 
defeated the Gormans in the famous battle of 
Bouvines. He made many imprevements in 
the administration of the laws, created a Cham- 
ber of Peers (six ecclesiastical and six secular), 
and from his reign date the University of 
Paris, the Louvre, and other famous institutions. 
Many of the improvements in civil government 
initiated by him were continued by his son 
Louis VIII., and in 1226 his grandson Louis IX. 
succeeded. 

Louis [X., known as St. Louis, was born on 
April 25th, 1215. He became a powerful 
sovereign, and by his victories compelled 
Henry III. of England to recognise French 
sovereignty in some parts of France which had, 
up to that time, been under foreign rule. «He 


suffered from a very dangerous illness, and dur- 
ing the malady made a vow that in the event 
of his restoration to health he would go out to 
the East as a Crusader. 


Louis IX. and Hia Reign. He recovered, 
and appointing his mother, Blanche of Castilo, 
regent of the kingdom mn his absence, led an arm 
of 40,000 men to Egypt. There at first he met with 
success end captured Damietta, but it was not long 
before he suffered a defeat. He was himself takon 
prisoner, and only released upon paying a largo 
ransom. He did not, however, give up his 
crusading task, but went with the remains of his 
army to Acre in Palestine, and remained in that 
region until tho death of his mother compelled 
him to return to France. There he showed him- 
self an able and enlightened ruler, and by the 
* Pragmatic Sanction ” determined the relations 
of the French Church with the Papal authority. 

Tho Pragmatic Sanction was the title given to 
the ordinances of the Kings of France which 
arranged the settlement of Church and State 
affairs. Louis authorised the founding of the 
Sorbonne, a socioty of ccclesiastics at Paris 
formed by Robert .de Sorbonne, dovoted to 
teaching the poor and the study of theology. 
He instituted throughout the French provinces 
Royal Courts of Justice, or Parliaments, for the 
administration of the laws, and was the author 
of an entirely new system designed to introduce 
equal legislation for all classes. In 1270 he 
started on afresh crusade in the East which cost 
him his life ; he died in the August of that year 
of the plague at Tunis. In 1297 Louis was 
canonised by Pope Boniface VITT. He was 
unquestionably a man of noble purpose, of 
great ability, with views of equitable govern- 
ment much in advance of his age, and his 
reign marks an important epoch in the history 
of France. 

The States General Instituted. His 
son, Philip II]., who succeeded him in 1270, 
was the first to issue titles of nobility conferred 
by letters patent. He also restored Valois and 
other parte of France to the French Crown. 
Philip [V., called Le Bel, who came to the throno 
in 1285, tried to secure support for himself 
against the prelates and tho territorial nobility 
by giving prominence to the burgher section of 
the community. Under him the “States 
General’? was instituted, a representativo 
assembly in which the farming and trading 
classes held a place and became the “ Tiors 
Etat” of the nation, the nobles and the clergy 
representing the other two classes. In his 
reign the transfer of the Papal Chair to Avignon 
brought the Popes under the influence of the 
French Court for many years. By his three sons 
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and successors—Louis X., Philip V., and Charles 
IV.—the rule of the French sovereigns was 
extended and also much strengthened. Philip VI., 
the first king of the House of Valois, succeeded 
in 1328 by right of the Salic Law, which for- 
bade women to inherit the crown in France. 

In his reign and those of his successors, 
John and Charles V., Le Sage, France was much 
engaged in wars with England, which were pro- 
ductive to France of nothing but disorder, enor- 
mous taxation, and wide-spreading arbitra 
conscription. The final defeat by the Englis 
at the Battle of Agincourt, in 1415, occurred 
during the reign of Charles VI., who came to 
the throne in 1380. This king became insane and 
was succeeded by his son Charles VII., Le 
Victorieux, the Dauphin who was crowned at 
Rheims by Joan of Arc in 1422. The only 
remarkable event of his reign, apart from this, 
was that he obtained from the States General 
a regular allotment of taxes for the maintenance 
of a paid army to keep in check the mercenaries 
and marauders who pillaged the country. 

The Founder of Three Universities. 
Louis XI., the eldest son of Charles VII., 
who had made efforts to obtain the throne 
during the lifetime of his father and had then 
escaped for a time into Burgundy, succeeded 
in 1461. His reign was full of struggles with 
Charles the Bold, Duke of Burgundy, and Louis 
finally made a treaty by means of which some 
portions of Burgundy were given over to France. 
During his reign there were wars between 
France and Austria, and Louis also recovered 
Maine, Anjou, and Provence. Louis XI. had 
some good qualities as a man, but few indeed as a 
sovereign. He loved art, letters, and’ scienco, 
and was the founder of three universities. He 
increased the number and the power of the 
Parliaments, not from any enlightened ap- 
preciation of the representative principle, but 
to secure for himself a better defence against 
some of his feudal vassals. He passed his later 
years in abject misery caused by his morbid 
terror of death, and he died at last on August 
30th, 1483. 

The direct succession of the House of Valois 
came to an end with the reign of his successor, 
Charles VIII., who by his marriage with Anne 
of Brittany secured that powerful state to the 
Crown of France. - 

Louis XII, called Le Pére du Peuple, was the 
only representative of the Valois-Orleans family. 
His reign on the whole tended to strengthen the 
position of the Crown in France, while it also 
helped to promote the improvement in the con- 
dition of the people. 

Francis I. Louis was succeeded in 1515 by 
Francis I., of the Valois-Angouléme branch, 
who, as well as Charles VIII., wasted the re- 
sources of the state in vain attempts to establish 
a claim to Lombardy. He had four wars with 
Charles V. of Spain for the possession of Bur- 
gundy and Italy. He was made prisoner at the 

ttle of Pavia and taken to Madrid. In 1544 
he made good ‘his claim to Burgundy, but had 
to renounce Italy. His reign is famous for the 


beginning of the Renaissance and of the Protes- 
tant Reformation. He strengthened the power 
of the monarchy and subordinated the power of 
the clergy to that of the Crown. An ally of the 
Protestant Princes of Germany and of Henry 
VIII. of England, he was himself a Catholic. 

He was succeeded in 1547 by Henry IL, 
who regained Calais for France. In the reign 
of Francis IT.—1559 to 1560—the House of Guise, 
a great Catholic family, became the most powerful 
in the State. 

St. Bartholomew's Day. The history 
of France during the reigns of Charles 1X. and 
Nenry III. was little more than a continuation 
of the struggles between the Catholics and the 
Protestants. These amounted to civil wars, 
fierce and furious, and into them were imported 
the services of Spaniards, sent by the Duke of 
Alva, of Catholic Germans and Italian troo 
from Rome. August 24th, 1572, will always 
remembered as the date of the Massacre of 
Protestants on St. Bartholomew's Day, which 
was generally believed to have been instigated, 
if not actually ordered, by Charles IX. Many 
thousands of Protestants were put to death. 
The King received a letter from Philip II. of 
Spain assuring him that “in furthering thus 
the affairs of God, you are furthering your own 
still more.”’ The massacre had not, however, 
any of the consequences that Philip anticipated. 
The Calvinist party, then strong in France, was 
made stronger by persecution, and at once took 
up arms. A new civil war began, and was only 
brought to an end by the settlement at La 
Rochelle. 

The Holy League. Charles IX. was 
succeeded by his brother, Henry III., who was 
born on September 19th, 1551. He contributed 
to the efforts to suppress the Huguenots by 
military force, and he even took a share in the 
Massacre of St. Bartholomew. Henry was, both 
in public and private life, a man of fickle and 
uncertain temper. He was not even a genuine 
fanatic, for he was ready to support the Hugue- 
nots, or to persecute them, according as advantage 
to himself could come from either course. His 
character was weak and dissolute, and he was, 
like his brother Charles IX., much under the 
influence of his mother, Catherine de Medici. 
The Duke of Guise, one of the most powerful 
nobles of that time, formed a league, known as 
the Holy League, to maintain the supremacy of 
the Catholics in France, and also to support the 
claims of the Guise family to the succession to 
the throne. Guise, while besieging Orleans, was 
assassinated by a Huguerot fanatic. This 
aroused the Catholic party to fury against the 
Huguenote, whom they regarded as instigators, 
or at least abettors, of the crime. He TI. 
became an ally of Henry of Navarre, and they 
joined in leading an army on Paris. 

Henry ITI., the last of the House of Valois, 
was stabbed on August Ist, 1589, by Jacques 
Clement, a Dominican friar, and he died the 
following day, after having designated Henry 
of Navarre as his successor. Henry of Navarre 
thus became King of France and of Navarre. 


Continued 
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By Professor SILVANUS P. THOMPSON 


Electrons in Gaseous Discharges. 
{In the last article some elementary facts were 
given in substantiation of the modern view that 
electricity itself consists of definite atomic quan- 
tities called electrons. The greater part of modern 
knowledge of electrons has, however, been 
acquired by the study of electric discharges 
in gases, particularly in vacuum tubes from 
which the air has been morc or less pumped 
out. Suppose a glass tube [258] to have a 
pair of ae 
#Om as clectrodes scaled 
%- “into its ends, 

= and to be par- 

tially exhausted 

by means of an 
air pump. Let an electric discharge be sent 
through it by means of an influence machine 
or an induction coil. At first thin sparks flash 
through it; but as the exhaustion proceeds the 
whole tube is filled with a luminous cloud which, 
ata certain stage, breaks up, as shown in the 
figure. Near the anode, A, the column of lumin- 
ous gas is broken up into flickering striations, 
then comes a dark space, while the kathode, K, 
is seen to be surrounded by another luminous 
cloud, chiefly in front of its surface, but separ- 
ated from it by a second dark space or non- 
luminous layer. If a mercurial] air pump is used 
so as to produce a very high vacuum, this effect 
is further modified as follows, The positive 
cloud retreats towards the anode and disappears. 
The dark layer around the kathode widens and 
drives the surrounding cloud away. With still 
higher exhaustion the dark space expands until 
it reaches the glass walls of the tube, which then 
shine with a yellow-green phosphorescent light. 
It was found by Crookes that this dark beam 
consists of something which he called radiant 
matter, shot off in straight lines from the surface 
of the kathode; and that if this dark beam of 
radiant matter is intercepted by any obstacle, 
a shadow of that ob- 
stacle will be cast on 
the glass wall of the 
tube at the opposite 
end. Fig. 254 shows ao 
Crookes tube, in which 
@ metal cross, J, has 
been erected. The anode, 
A, may be set anywhere 
in the tube. From the 
kathode, K, are shot out these kathode rays, or 
flights of radiant matter. 

Kathode Rays. We now know that these 
rays consist of negatively-electrified corpuscles, 
or electrons, driven with an immense velocity. 
They bombard the walls of the tube and make 
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it shine. If they are concentrated (by making 
the kathode surface concave) on a bit of metal, 
they heat it. They can drive around the vanes 
of a little mill if such be placed in the tube. 
Kathode rays can be acted upon by a magnet. 
Tf, as in 255, : 
a@ narrow peo == gpm se “pal 
stream of i fmm 
radiant | 

matter from 

a nts al is _ 

allowed to 

pass through abe 

a hole in a diaphragm, and a magnct is placed 
near the tube, the stream is observed to be 
deflected in a curve by the magnetic field, and 
causes a bright phosphorescent patch to appear 
when it touches the glass at P. The direction 
of the deflection shows the stream to be 
negatively electrified ; for negative corpuscles 
flying from K towards P are electrically 
the equivalent of a (positive) current flowing 
from P towards K. According to the rescarches 
of Professor J. J. Thomson and others these 
flying negative electrons move with a velocity 
somewhat less than that of light, and act as 
though they were bodies having cach a mass 
about ,¢oq part as great as that of the atom 
of hydrogen. They cannot possibly be atoms or 
ions, because their energy is far smaller than that 
of atoms would be if flying at the same enormous 
speed Moreover, it makes no difference to them 
what kind of gas was in the tube to begin with, 
or what metal is used as kathode ; the kathode 
rays ure independent of the kind of matter 
present. The kathode rays possess peculiar pene- 
trating powers. Though they are stopped by a 
thin wall of glass, they can pass through a thin 
sheet of aluminium which is quite opaque to 
light. There are several other kinds of rays 
woduced in vacuum tubes. One of these, 
Lnowi as diakathode rays or canal rays, 
consists of positive electrons moving much 
more slowly, and having cach a mass about 
the same as that of a hydrogen atom. They 
are slightly deflected by a magnet, and in 
the opposite direction from the kathode rays. 
They produce a different kind of phosphor- 
escence, and can cast shadows. 

Gaseous Conductivity. All gases in 
their ordinary state are non-conductors. To send 
any electricity at all through ordinary air, even 
across a gap of ;o/55 in., requires an electromotive 
force of several hundred volts, and then, when a 
spark takes place, this is a disruptive discharge 
through the medium, not a ccfiduction by it. 
The air does not conduct, so the discharge 
pierces a hole through it, just as it might through 
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a layer of oil or a thin sheet of glass. But it was 
found by Schuster that even a low electromotive 
force, such as 1 or 2 volts, will send a current 
through air, if at some other part of the con- 
taining vessel, or even in another vessel opening 
into the first, spark-discharges are being made. 
The explanation of this is that when a series of 
spark-discharges are made through air or other 
gas, some of the molecules of the gas become 
sontsed, so that a number of free ions are present 
moving about amongst the neutral molecules ; 
and as these free ions carry charges they can 
serve as carriers of electricity from the anode 
to the kathode, by a sort of electrolysis. Gases 
can be ionised in several ways—by the effect of 
disruptive discharges, as we have seen ; by con- 
tact with red-hot metal surfaces ; by being shone 
upon with ultra-violet light; by molecular 
impact between the gas molecules; and, as 
we shall sce, by the influence of Réntgen rays 
and of radium. 

Electrons and Molecules. One con- 
ception of electrons is that they are minute 
electric corpuscles which dance attendance on 
atoms, as though they were satellites attendant 
upon some planet. If an electron (negative) is 
separated from an atom of a gas, that atom 
becomes & positive ion, and it is probable that in 
ordinary gases, when ionised, the electron joins 
itself to a neutral atom, thus transforming 
it into a negative ion. In an ionised gas any 
electrified body loses its charge, for it attracts 
to itself the oppositely electrified ions, and 
they neutralise its charge. A neutral molecule 
will consist of a positive ion and a negative ion 
in conjunction. 

Electrons in Movement. The con- 
clusion is forced upon us by the observed facts 
that electrons in movement, whether flying free 
or carrying atoms of matter with them, as in 
electrolysis, are an clectric current. Whenever 
they are moving along in any direction they set 
up @ magnetic field around them, and the 
presence of this surrounding magnetic field, 
which is the essential thing in the phenomenon 
of the self-induction of a current, acts as an 
inertia. This has led Lodge and others to specu- 
Jate whether the ordinary inertia of mutter is 
not really due to tho self-inductive effect of the 
electrons which accompany the atoms. The elec- 
trons in the kathodo rays travel with a speed a 
hundred thousand times greater than the speed 
of a rifle-bullet. Their inertia is proved by the 
mechanical impact they exert upon the vanes of a 
mill as mentioned above. 

So long as the movement of the electrons is 
uniform and in a straight line, their inertia and 
their surrounding magnetic effect is constant ; 
but if their speed changes, as when they are 
suddenly stopped or suddenly started, a new 
effect appears. During the period of change of 
speed the electron sete up waves in the sur- 
rounding ethor, which travel off from the source 
with the speed of light. The more sudden the 
atarting or dads ry , the more violent will be the 
etheric pulse. If the electron vibrates, or oscil- 
lates, or revolves rapidly around an orbit, it will 
send off regular trains of minute waves, and these 
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constitute the ordinary waves of light. Radia- 
tion, in fact, is caused by the vibration or 
revolution of electrons, or of the atoms with 
which the electrons are associated. 

Rontgen Rays. Whenever kathode rays 
in a very highly exhausted tube strike on any 
surface they give rise to new and more pene- 
trating rays, known from their discoverer as 
Réntgon rays, 
or X-rays. <A 
special form of 
Roéntgen - ray 


+ 





tube is de-- 

picted in 256. 

Here a cup- 256 

shaped ka- 

thode, K. concentrates the radiant matter 


that is shot off from it upon a little plati- 
num plate, T, which serves as a target or 
antikathode. From this target are emitted the 
Réntgen rays, which are observed by the 
light they excite upon a fluorescent screen, or by 
their action on a photographic plate. It is these 
rays by which the bones of the hand or in the 
living body can be seen and photographed. They 
are, like the waves of light, movements in the 
ether ; but sudden, irregular pulses, not periodic 
waves. They travel with the same speed as 
light. They render electrically conductive the 
air through which they pass, by ionising it. If 
they fall on a charged electroscope it is dis- 
charged ; and the rate at which the instrument 
loses its charge can be used to measure the 
intensity of the rays. —- 

Radium and its Rays. The discovery of 
the Réntgen rays stirred up other investigations, 
and led to the discovery of the emission by the 
metal uranium and its compounds of some highly 
penetrative rays, known as Becquerel rays, from 
the discovery having been first published by 
Becquerel, though independently discovered by 
the writer. It was then found by Madame Curie 
that one of the ores of uranium, called pitch- 
blende, was more powerful than uranium itself. 
This led M. and Mme. Curie to discover in 
uranium residues the wonderful and excessively 
rare metal radium. By patient and laborious 
chemical analysis they succeeded in separating 
a nearly pure salt of radium. But each ton of 
the mineral furnishes only a few grains of radium, 
and each grain of radiumagosts about £60, which 
is at the rate of £26,000 per ounce. The rays 
emitted by uranium and by radium have the 
property of causing a charged electroscope to 
discharge itself. If a piece of cither of these sub- 
stances is placed near an eleetroscope, like 250 
[page 4022], the gold leaves fall together, the 
time taken for the discharge depending on the 
activity of thespecimen. Samples of radium have 
been produced which are a million times moro 
pow, than an equal piece of uranium. Radium 

as been found to emit three different kinds of 
rays, known as the alpha, beta, and gamma rays. 
The alpha rays are believed to be identical with 
the diakathode or canal rays, and consist of 
atoms positively charged. The beta rays are 
practically the same as the kathode rays, and 
consist a flights of negative electrons. The 


gamma rays are practically identical with 
Rontgen rays. They are extremely penetrat- 
ing and will pass through a steel plate an inch 
thick. If a small piece of radium is put into 
a hole drilled in a block of lead, placed upon 
& sensitive photographic plate, and subjected to 
a magnetic field, the befa rays are deflected in 
circular paths by the magnetic influence, and act 
on the photographic plate at one side, while the 
alpha rays are slightly deflected in the opposite 
direction. The gamma rays are not deflected by 
the action of the magnet. This is illustrated in 
257, where the direction 

of the magnetic field 

is perpendicular to the 

§ plane of the paper. The 

i alpha rays have very 

little penetrative power, 
and are stopped by even 
a thin sheet of paper. 
If a fluorescent s«reen 
made of sulphide of zine 
is held close to a minute 
speck of radium, it is 
noticed that a luminous spot appears, due to 
the action of the alpha partivles. Examining 
this spot in a microscope, Crookes observed. it 
to present the appearance of a shower of sparks. 
Strutt has devised a most ingenious perpetual 
clock [258], consisting of a gold leaf 
electroscope, L, suspended on an 
insulating support, S, with a milli- 
gram of radium enclosed in the tube, 
T, ending in a brass box, B. The 
beta rays emitted from the radium 
carry away negative ee 
leaving the electroscope positively 
charged. So its gold leaves gradually 
diverge until one of them touches 
against a plate of foil, F, connected 
to the earth. This contact dis- 
charges the electroscope, and the 
leaves drop down ; but they slowly 
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===" open again until they again dis- 
258 charge ; and so on, indefinitely, at 
perfectly regular intervals of time. This 


“clock ” will go on until the radium loses its 
activity—a process probably requiring thousands 
of years. 

nergy of Radium. Beside these rays, 
radium and its compounds—for example, the 
solution of chloride of radium—slowly give off 
a heavy vapour, called the emanatwn, which 
forms deposits on the surrounding surfaces and 
makes them also radio-active. More surprising 
still, radium is found to be always slightly warmer 
than its surroundings, and is therefore con- 
tinually giving out energy. a account ths fom 
a ent tual supply of energy, Kutner- 
ford | has "eucaested that the atoms of radium 
are themselves slowly disintegrating, this disin- 
tegration being accompanied by an evolution 
of their intrinsic energy. In fact, the emanation 
slowly changes and evolves the gas helium. 
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Radium appears to undergo a series of trans- 
formations, some rapid, some slow. The atom of 
radium, when it parts with an alpha particle, 
becomes an atom of the omanation ; the atom 
of emanation, when it disintegrates, parts with 
another alpha particle, and becomes a solid called 
“radium .\."" “Radium A” rapidly gives off 
another alpha particle, and becomes “ radium 
BB.” * Radium B ” is transformed into “ radium 
Cy” without any emission; but ‘radium (‘” 
gives off not only alpha particles, but also beta 
and gamma rays, and changes to “radium J).” 
This is a very stable product, but it ws slowly 
transformed without emission into “ radium K,” 
which gives off beta and gamma rays only, and 
quickly changes into ‘radium F.” The final 
result of all these transformations is yet uncer- 
tain, but apparently the original radium itself 
changes so slowly that in 1,300 years it would 
be only half transformed. The rapidity of these 
changes is examined principally by aid of the 
electroscope [250, page 4022]. It is charged, and 
the radio-active substance to be examined is 
brought near it, the rate of the discharge so 
produced being noted. 

Besides uranium and radium, another heavy 
metal, thorium, possesses radio-active properties 
and emits rays. 

According to Ramsay, when an atom of a metal 
Joses an electron it is transformed into some other 
element, but may go through a series of transfor- 
mations. No atom can lose or gain an electron 
without experiencing a change in its properties. 

Matter and Electricity. It is then 
seen that electricity, though usually associated 
with the molecules and atoms of matter, can—at 
Jeast. in the mgative state—be recognised as 
existing in minute quantities or corpuscles having 
apparently a mass 1,000 times smaller than the 
atoms of matter. Moreover, it has been shown 
that when incandescent bodies are emitting hight, 
that which sets up the light waves in the ether 
is the movements of the negative electrons in 
vibration. What the precise relation of the 
electron to the cther itself may be is a matter for 
speculation. <A further speculation is that all 
mass -——that is, all matter—may consist of 
systems of electrons. Professor J. J. Thom-on 
has suggested that the atoms of the ordinary 
elements as known to the chemist may contist 
of systems of negative corpuscles grouped abo tt 
4 central mass of positive electricity, some such 
groupings being stable, others unstable. Any 
unstable groups might readily emit some of their 
corpuscles and change to other more stable form: 
of lower atomic weight. This might account for 
the singular transformations of radium and the 
electric phenomena avcompanying the omana- 
tions and rays which it emits. We may be yet 
very far from having arrived at any final know- 
ledge of these relations ; but this is at least clear, 
that a great deal more is now known about the 
nature of electricity iteclf than was known 
ten years ago. 
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WOOL FINISHING 


Darning, Felting, Teasling, Cropping, 
Brushing and Steaming. The Machines and their Operations 





By W. S. MURPHY 


SOME classes of cloth are finished in the 
fuctory ; others are handed over to out- 


side specialists, such as bleachers, dyers, 
and calenderers. We cannot lay down any 
invariable rule, however, because practice 


varies indefinitely. It can only be said with 
certainty that the separate finishing operations 
may he studicd to best advantage under special- 
ised conditions. We purpose, therefore, con- 
sidering the textile finishing operations in two 
divisions: first, as a factory process, directly 
succeeding the weaving ; secondly, as a special 
process, carried on in establishments wholly 
separate from the spinning and weaving factories. 
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Even this division may involve us in repetition ; 
but theoretic consistency 1» not esteemed a 
virtue in practical industry. 

Course of Operations. Our aim in this 
finishing process is to produce a cloth of solid 
body, unshrinkable under water and changes of 
temperature, with a fine nap lying evenly on 
the surface, which does not spot or allow dust 
to penetrate the fibres. We want, in short, a 
cloth which wears well, and keeps its fresh ap- 
pearance after a considerable amount of use. 
The means adopted to accomplish these objects 
vary a good deal; but the following operations 
are generally employed: Braying or scouring, 
burling, first darning, fulling, milling, second 
darning, scouring, stentering, teasling, cropping, 
brushing, steaming. darning, damping, and 
pressing. Some manufacturers repeat these 
operations, or some of them, several times ; 
others go straight through, relying on the effi- 
cacy of the one operation. 

Braying or Scouring. When the cloth 
is taken off the loom it is full of size and oil. 
Having served the purposes for which they 
were employed, these substances must be got 
rid of by the operation we name braying or scour- 
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tng. Any machine which will hold the detergent 
liquid, and carry the cloth through it, serves our 
purpose. A solution of 2 lb. of soda to 1 Ib. of 
soap forms a good scouring liquid. After being 
run through the scouring machine [188] for 20 
minutes or so, the cloth should be rinsed in water 
and cleared of soap On the ond of the rinsing 
machine a pair of squeczing rollers take away 
the superfluous water, and then the cloths are 
Jaid in the centrifuga] drying machines, or 
whizzers, as they are called. These and the 
other finishing machines illustrated are made by 
Messrs. Wm. Whiteley & Sons, Ltd , Lockwood 

Burling. Scouring should have cleared 
away the size and grease and left the cloth 
bare. Our object is to detect and remedy any 
defects which may be in the cloth, such as knots, 
scobs, flying threads, flecks, and breaks in weft or 
warp. Over the roller hung in a good light the 
cloth is run, while we watch its surface for faults. 
The light penetrates the cloth and shows up every 
flaw ; here appears the ow point of a burr, 
there the soft cloud of a scob, and there the 
flying end of a loose thread. As each flaw comes 
into sight it must be picked out, or marked for 
the first darners. The work of burling requires 
quick eyes, a good knowledge of cloth, and deft 
hands. 

First Darning. Sometimes very serious 
defects occur in the cloth. Warp and weft may 
have broken at one point, or the tied knot of the 
mended thread may have slipped, leaving a hole. 
As each fault of that kind is detected in the 
burling, it is marked, and the cloth is handed 
on to the darner. On the darning table we find 
several rows of skeins of woollen or worsted 
thread wound on cards. Curiously enough, this 
device of the factory has become domestic, and 
house-mothers buy similar 
skeins from the hosie: to 
mend the stockings of the 
family. First darning, how- 
over, is more than covering 
up holes. We must imitate 
in every particular the 









189. FULLING TROUGH 


weaving of the warp and weft so as to make 
the darn imperceptible. 

Felting Cloth. Few operations in the 
woollen trade have becn the occasion of so much 
speculation and controversy as this one of 
felting. Everyone agrees that woollen cloth has a 
felting property, greater in some wools than in 
others ; but there are wide differences of opinion 
as to what constitutes the felting property. Yet 
the facts are plain and simple. The woollen 
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thread, as we have noted often, is loose and 
open; wetted wool becomes flaccid and tends 
to cling. Wool fibres have serrated edges. Sup- 
pose the wool fibres have been soaked, and they 
are clinging together for mutual support, by 
bringing pressure to bear on them we can con- 
firm the cohesion. But the fibres may tend to 
return to their former relations when dry. Some 
other factor must be brought in, and that factor 
1s the serrated character of the wool. The scales 
of the outer skin of the fibres he over each other 
like little plates of armour. When the wool 1s 
dry, the scales stand out, and under water tend 
to lie flat. Moreover, the scales are elastic, and 
spread out under a sharp blow or sudden pres- 
sure. Our factors are all gathered, and we shall 
try how they work out the theory. Fill up the 
cloth with a greasy substance easily discharged 
and of watery consistency; put the fabric under 
pressure at once clastic and firm. The fibres 
cling; the pressure brings the loose thread 
close; the serrations grip into and hold on to 
each other with a thousand little teeth—the cloth 
is felted. 

Fulling. Soft soap is the greasy substance 
used for fulling out the cloth for the felting 
machine. The soap greases the fibres, making 
them slip easily over one another, acte as a kind 
of protecting pad to the threads under pressure, 
or the blows of the milling stocks, and is easily 
discharged. The web of cloth is joined in an 
endless band, and stretched on the rollers over 
the fulling trough [189], where it is filled with the 
soft soap. Being so casily discharged, the soap 
requires to be renewed several times during the 
felting proceas. 

Milling Stocks. The oldest form of felting 
machine still in use is the milling stocks. 
A pair of wooden slabs, with large heads, are 
geared on a frame above a sloping, narrow 
trough [190]. The heads of the stocks rest on 
the bottom of the trough, and the function of the 
gearing is to pull down and let go the end of each 
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stock alternately. By this action the heads of the 
stocks fall by their own weight on the sloping 
bottom. When the cloth has been filled with 
soap it is laid on the fore-end of the trough, and 
as the stocks beat alternately upon it, it is slowly 
drawn to the other end. Here we have all the 
requisites of felting—the soap, the water, and 
the elastic beating of the fibres into close 
union. 

Milling Machines. The stocks have failed 
to satisfy the needs of woollen manufacturers 
in a variety of ways. Probably the most serious 
objection to them is that they are slow 1n action 
New forms of milling machines have been placed 
at our disposal, very similar in structure though 
differing in minor details Examining one we 
obtain an idea of the whole class. On the fore end 
of the machine [191] is a slotted guide board, witn 
stop motion ; above it is the guide roller, beyond 
which extends the contracting tube ; the felting 
rollers are geared behind, forming the end of 
the machine. Two kinds of felting rollers may be 
used in the same machine if desired. Most 
commonly the under rolle” is flanged at the sides, 
while the upper roller is plain. But, to harden 
the grip on the cloth, one roller is sometimes 
made convex and the other concave. When 
working, the soaped web is laid on the guide 
board and led up over the guide roller, through 
the contracting tube, and between the felting 
rollers, which draw and felt the cloth, drawing 
the fibres closer and closer. On this machine the 
soaping must be frequently renewed and care- 
fully watched so as to prevent friction. 





191. MILLING MACHINE 


Shrinkage. The degree of felting uepends 
a good deal on the character of the cloth. The 
amount of shrinkage generally aimed at is from 
Sin. to 7 in. on the width of narrow cloth, and from 
10 in. to 12 in. on broad cloths. Fine twills and 
fancy woollens are seldom more than half milled. 
When a heavy cloth comes out of the felting 
machine neither warp nor weft should show a 
single open thread. 
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Milling Felt Cloths and Carpets. 
Felt cloths and felted carpets of all kinds require 
to be severely milled. Milling is an indispens- 
able part of the manufacturing process of felt, 
not a mere finishing operation. When the 
felts come from the sulphurising- 
room, they are rough, harsh, and 
dry. On the fulling rollers the 
pieces are literally filled with soap, 
to endow them with the needed 
elasticity and to soften the fibres. 
As a rule, felts are milled on the 
stocks, because the heavy mallets 
work slowly over every fibre of 
the fabric. It is absolutely im- 

erative that the mulling of fine 
elts should be repeated over and 
over again till not a loose hair 
is visible. Fine felt should be 
indistinguishable, in outward ap- 
pearance, from the finest supertine 
cloth. We have additional means 
of putting on a good finish, which 
shall be noted in time, but nothing 
can compensate for weak milling 
on the stocks. 

Scouring and Stentering. 
At this point the departures in 
practice are so numerous as to 
call for notice. We may combine 
scouring with milling, and many 
combined milling and scouring 
machines are in use. Again, 
some cloths are sent direct from the scour- 
ing to a drying and stentering, or fentering, 

«chine, while others require more elaborate 
end careful treatment. One very common 
practice is to scour, half-dry, and then cuftle, 
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or age. To cuttle, is to fold the cloth up in a 
damp condition, and let it lie for a few days. 
In any case we come to the stentering. 

This machine is used in many departments 
of the textile industry, and is worth detailed 
attention. The main object of all 
stentering machines, of whatever 
model, is to stretch the fabric to 
its utmost breadth and width, 
and to confirm its form. The 
main structure of the stentering 
machine is two parallel lines of 
framing, fitted with hooks or clips 
to grip the sides of the cloth. 
When the cloth is introduced, the 
ends of the framing are so near 
to each other as to allow the 
cloth to be easily clipped in. But 
the mechanism is designed to draw 
the frames apart whenever the 
machine is started. While the 
cloth is being drawn in on the 
long frame, it is bemg stretched 
to its utmost width and length, 
and the relation of every thread 
kept true to every other. 

Teasling, or Nap=-raising 
The cloth yet lacks that smooth- 
ness of texture which is charac- 
teristic of a well-finished cloth. 
Viewed through a magnifying 
gluss, it presents the appearance 
of a rain-swathed and unshorn 
meadow. It must be shorn level; but if that 
were attempted without due preparation the 
result would be very unsatisfactory. To make 
sure that all the inequalities shall be removed, it 
is necessary to raise them all up. This operation 
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is accomplished by the aid of a cone-shaped 
burr, spiked like the head of a thistle [192]. 
The plant on which the burrs, or teasles, are 
grown, named Dipsacus Fullorum, is cultivated 
in France and England solely for the woollen 
industry. Yorkshire teasles are highly esteemed. 
Looking into the cones, we see that the spines 
are sharply hooked, and pointing downwards 
from the top. Smooth and elastic, the 
spines are evenly set, forming an exquisitely 
proportioned teaser which we have vainly 
sought to supersede by mechanical arts. The 
teasles are fastened in horizontal rows, two deep, 
on the frames of the gig cylinder. The raising 
gig is a simple machine [195]. The teasle frames 
are mounted on a wide cylinder composed of 
staves fixed on the spokes of a driving shaft. 
Close to the cylinder hangs the cloth beam, 
and extending over like a canopy is the frame 
which, in conjunction with a driven scray in 
front, holds the web taut, and sends it round 
upon the gig cylinder. The cloth frame and 
beam run in the direction opposite from the 
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motion of the gig cylinder, thus working the 
surface of the cloth against the teasles, 


Cropping. Looking along the surface of 
the raised cloth, we see the fibres standing up 
irregularly, some long and floating, others stiff 
and short, and all mingled with fluff. To free 
the fibres and make them stand clear we employ 
what are called setting-up brushes. This may 
be done either on a separate machine [ 196}, or 
by brushes on the cropping machiné [194]. For 
the latter, which is the most up-to-date method, 
good machines, resembling in framework the 
teasling gig, have been devised. The setting-up 
brushes occupy the position of the teasling 
cylinder, and beyond these is the spiral cutting 
roller. Knife-blades form spirals round this 
roller, which revolves on a cutting bed. Some 
of the simpler machines have ledger blades for 
setting the nap against the cutter; but the 
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best and newest machines are different. Makers 
of cropping machines undertake to supply any 
form of rest or bed, 
from the fixed solid 
to the elastic rubber 
rest [197]. Hard, 
a heavy cloths can best 
vet’ be cut on the solid 
Lan bed or ledger blades ; 
' but the greater 
varicty of cloths re- 
quire an adjustment 
more delicate. To 
obtain a smooth sur- 
face, thecloth may be 
passed twice, thrice, 
or oftener, through 
the machine, 
Brushing and 
Steaming. This is 
the beginning of an- 
other stage in the 
finishing — process. 
The fabric is smooth, 
but twospecial quali- 
ties are yet. wanted. 
The surface should 
be lustrous and resist 
the spotting of rain. In general structure 
the brushing and steaming machine (193) 
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closely resembles the teasling gig. The steam- 
box is placed in front of the main body 
of the machine, and the brushing rollers 
revolve behind it. A scray before, and a 
canopied frame, with rollers, above, carry the 
cloth round, bringing it over : 

the steaming-box and through 
the brushing rollers. When it 
emerges from this machine the 
cloth has a superficial finish, 
which is to he deepened and 
confirmed. 

Repeated Operations. 
After brushing and stcaming, 
the cloth is handed on to the 
burlers, who make a second 
inspection and take away the 
small knots and loose threads 
recent operations have brought 
to light. Next, the fine darners 
repair any little holes which 
may have shown themselves. Then the cloth is 
pressed in one or other of the many kinds of 
pressing appliances at the disposal of the trade. 
In former days, the cloths were folded over 
thin and glossy sheets of pasteboard, a board 
between each fold, and laid in the press, 
which was screwed down by strength of arm ; 
but that fashion has almost gone, and now the 
pressing is done on a variety of machines, 
ranging from the simple hydraulic to the com- 
plex rotary pressing machine. A second steam- 
ing follows. The object of this is to impart 
lustre to the fabric, and one very good method 
is to wind the cloth round a perforated roller, 
or tube, one end of the tube being sealed, while 
the other is threaded 
for a screw joint. A 
steam-pipe is 
screwed on to the 
roller, and the steam 
blown through the 
cloth. Given another 
brush the cloth is 
agin pressed, care 
being taken that the 
foldsof the first press- 
ing are not repe:.ted. 
When brought out 
of the press, in which 
it should be kept for 
a day, the cloth 
needs but a little 
brushing to make 
it fit for the outside 
market. 

Cloth Characs 
ter. It cannot bo 
too strongly em- 
phasised that the 
finishing process is 
not, and never can 
be, a rigid system. Before the cloths arrive 
at the finishing department they have taken 
on a distinctive character, which requires to be 
considered. Every class of cloth has to be 
finished according to its own nature. 
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Worsteds. Except in one particular 
worsteds are finished by the same process as 
woollens. But this has to be specially noted. 
Worsteds are not felted ; the beauty of many 
worsted cloths largely consists in the patterns 
which the threads form on 
the surface; if felting were 
resorted to all the weaver's 
trouble would be thrown away. 
But, as we have seen, all kinds 
of cloths composed of wool 
fibres havea tendency to shrink 
in water and under changes of 
temperature. Though woven of 
threads finely spun, a cloth, 
unless otherwise prepared, would 
be certain to shrink in water, 
and the shrinkage would be 
very readily confirmed hy the 
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Shrinking. The only way to 
prevent irregular shrinking of worsted cloths is to 
shrink them thoroughly in the factory. After being 
scoured and dried, the cloth is damped and hung 
up on theshrinking machine. Shrinking machine. 
are various, but we shall examine a very efficient, 
and typical one[198|. In the shrinking-room, an 
endless chain extends between two wheels, fixed at 
opposite sides of the apartment ; the chain supports 
the rods which hold the cloth suspended. The fore 
wheel has star points which bring the rods in 
one by one, and let them on to the chain. From 
the feed rollers above the machine tho cloth 
comes down on the far side of the rod, being 
brought in by the star wheel, and when the 
cloth has gone down the required depth, a 
projection from the 
trame automatically 
holds the cloth 
avgainstthe rod, 
while the chain goes 
forward the breadth 
of a link. Being 
held, and so pre- 
vented from falling 
further, the cloth 
naturally makes a 
fold and turns up- 
ward, falling over 
the next rod on the 
chain, which gives 
it another point of 
descent. In this way 
the long length of 
the web is suspended 
in fold after fold. 
When the cloth has 
shrunk and dried 
the apparatus is 
reversed, and the 
cloth is re-delivered 
to the beam. 

With the difference we have seen, worsted 
cloths are finished in the same way as woollens. 
Scoured, burled, darned, brushed, steamed, 
picmees steamed, and again pressed, the woven 

abrics are carefully finished. 
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BOX AND BALK JOINTS 


Joints Used in Box-like Constructions. 
Mitred, and Dovetailed Joints. Fished and Scarfed Joints 
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By WILLIAM J. HORNER 


Joints Not in the Same Plane. We 
now come to a class of joints employed 
more in small work than in large, and conse- 
quently more used in joinery and cabinet- 
making than in carpentry. e weaker and 
more refined forms, such as the secret dove- 
tail and mitre joints, are scarcely used at all 
in carpentry, but the rougher and atronger 
ones are necessarily employed a good deal 
in all woodworking trades, and as we are dealing 
with joints in general it would be difficult to 
select some and omit others that are in use, 
though only occasionally adopted in carpenters’ 
work. The class of joints about to be @escribed 
are those employed in uniting wide and com- 
paratively thin pieces of wood at right or 
other angles—as, for instance, in boxes and 
cases of all kinds, drawers, etc. 

As in the earlier joints described, we have 
first the simple butt joint [199] held together 
by nails or screws. Glue is of no use for holding 
such a joint, though on rare occasions it might 
be employed as a slight reinforcement to nails 
and screws. In such a case the pores of the end 
grain must be stopped by a preliminary coat 
of glue, which is allowed to dry before applying 
fresh glue to unite the parts. This, however, 
does not make a strong glue joint, for that is 
impossible where end grain is concerned. The 
ordinary butt joint, nailed or screwed, 1s com- 
monly employed for all kinds of rough work 
where ends meet at mght or other angles. 
Ordinary boxes, packing cases, etc., are usually 
nailed together with butt joints, as shown in 
199, the piece which laps over the end grain 
being usually the longer way of the box or 
other structure, and the piece between the 
shorter. If the box measures the same each 
way, of course this rule cannot apply; but sides 
and ends are always kept uniform—that is, 
ends always fit between and sides lap over. 

Improved Butt Joints. An improvement 
on the plain butt joint is to rebate the end [200], 
thus forming a shoulder, which prevents the end 
piece from being knocked or forced inwards ; and 
as the side abuts against the end, both pieces are 
able to resist external pressure without injury 
to the joint. Ifthe rebate be cut as in 201, an 
inch or 60 of wood éxtending beyond the end 
piece, the latter will be able to resist also a great 
deal more internal pressure than if simply depend- 
ing on nails or screws, as in the two previous 
examples. Another advantage of the extended 
end is that the nails are less likely to split the 
wood or break out of it. In many cases, how- 
ever, there are serious objections to having such 
an extension. Another joint with extended ends 
but without a rebate is shown in 202. In this 


case a batten is nailed across the extension 
for the end piece to bear against. This practically 
forms a rebate on the outside which enables the 
end to withstand outward pressure—just the 
reverse of 200, in fact. This is useful in work 
that is frequently taken apart, because the batten 
strengthens and keeps the side from warping or 
splitting. Fig. 208 shows a batten on the end 
piece instead of on the side This is a method 
commonly adopted in making packing cases, 
the end being thus strengthened and the lap of 
the joint increased. It is simply a repetition 
of the butt joint, but with the end thickened and 
fortified. Another variation of this is shown 
in 204, in which the joint is strengthened by a 
batten or block inside. Fig. 205 is a method 
of making a corner joint with extended end so 
that it will stand cither tension or compression 
in any direction. It is done by making a 
veed or dovetailed rebate, into which the end 
must be slip sideways. This involves more 
work in making than any of the precedin 
joints, and for some purposes the extende 
ends would be objectionable. Jt may be sim- 
plified by dovetailing only one side of the rebate. 
Fig. 206 shows another form of rebated joint, 
in which the rebate is made very narrow, ex- 
tending from the inner face of the end piece 
to only about one quarter or a third of the 
thickness of the end, the latter being cut, to fit it. 
This allows end grain beyond the rebate without 
any extension beyond the outer face of the end 
piece, thus forming a very neat and satisfactory 
joint not greatly inferior in strength to a full- 
width rebate like 201. Another form of joint 
not very often employed and suitable only for 
rough work is that shown in 207. Itis a simple 
half -lap joint, almost unrecognizable as such 
because of the great depth of the members 
compared with their thickness. 

itre Joints. Next in simplicity to square 
butt joints come mitre joints. As far as neatnens 
goes, a plain mitre joint, like that shown in 208, 
is an ideal method of uniting two pieces of wood 
meeting at an angle. In joining mouldings there 
is practically no choice but a mitre joint, or the 
more routlesome method of cutting the end 
of one piece to fit the contour of the other. 
This latter method is sometimes adopted, and 
is called a scribed joint. 

Weakness of Mitre Joints.  Unfor- 
tunately, however, the mitre is too weak 
to be employed for anything where strength 
is essential. Like the butt joint it always 
depends entirely on something else as a means 
of holding it together, while at the same time 
it is a much more difficult joint to hold than 
@ square butt. Nails or screws can be used, 
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VARIOUS FORMS OF BUTT, REBATED, AND MITRED JOINTS UNITING 


PIECES AT RIGHT ANGLES 


but, owing tuo the inclination of the surfaces, 
they are troublesome to insert, and the joint is 
not strong when they are in. Moreover, as 
mitre joints are used chiely when appearance 
is the first consideration, nail or screw holes 
are objectionable. Glue holds slightly better 
on grain cut at this angle than on direct end 
grain, and it is generally used in a mitre joint, 
but always in conjunction with other fastenings. 
Fine nails are often used to hold mitre joints, 
and are driven in the same way as they would 
be into a square joint, the nail being entered 
at right angles with the face of thé first piece 
and running into the other parallel with its grain. 
The mitred parts are held in position in a mitre 
cramp, or one is held in an ordinary vice and 
the other carefully kept in position by the hand 
while nailing. en screws are used they are 
generally inserted to go through the joint at 
right angles to its surface. 

A very common method of uniting a mitre 
joint is shown in 208. It consists in running 
sawcuts at an angle across the joint while the 

tts are clamped together, or after the joint 

as been glued, and gluing slips of wood of 
the same thickness as the sawout into them. 
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In cabinet - maker's shops 
veneer is handy for this 
purpose. The grain of the 
inserted pieces must run 
transversely to the joint, 
otherwise they would be of 
little value. After the glue 
is set they are trimmed off 
flush with the outside sur- 
face. Another more trouble- 
some method less frequently 
employed is to cut slots 
across the joint for the re- 
ception of dovetail-shaped 
key3 which are glued in 
similarly to the thin shps 
and trimmed off after. These 
methods are rather unsightly 
and are adopted only because 
something is necessary to hold 
the joint together. In the 
comparatively few cases 
where the mitre joint runs 
with the grain of the wood 
[209], glue may be sufficient 
to hold it, or it may be 
strengthened by wood block- 
ing in the interior angle, as 
shown in the square butt 
[204], provided, of course, 








\ 


a that there is no objection 
i to the blocking. In an end 
2 grain mitre, like that shown 
4 in 208, the joint might be 
me strengthened by nailing or 
a screwing a block in the 


angle; but it would not be 
advisable to glue it, because, 
as the grain would cross, 
unequal shrinkage would be 
almost certain to break _.. 
hold of the glue. Frequently 
a tongue is inserted, as in 209, but in end grain 
especially this is troublesome to do without a 
circular saw and fixtures for holding and guiding 
the wood. Fig. 210 is a mitre joint which 
differs from the foregoing two in having a 
square shoulder or stop formed at the interior 
angle of one of the pieces, the chief reason for 
it being that the piece with the stop is thicker 
than the other, and it is desired to keep the 
mitre angle at 45 degrees. It also makes a joint 
slightly stronger and more convenient for nailing 
than a plain mitre. Fig. 211 is a more com- 
plicated form, eminently suitable for nailing, and 
very strong. In this casé the joint 1s mitred only 
for a short distance back from its outer angle, 
the remainder being a rebate. Fig. 212 is a 
still more complicated form, often held together 
by glue only. 

All these joints are marked out with square 
and bevel, scribed lines being made, or if the 
dimensions of the work that is to be mitred 
together are wnimportant, plain mitres may be 
sawn against a mitre block (87, page 3755] or 
in a mitre box [218] or cut with a mitre 
machine; and usually are planed after to an 
accurate fit on a mitre shoot [214], of which 
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there are several forms, 214 not being suitable 
for long joints like 208 and 208. ‘The more 
complicated forms have to be carefully marked 
out, and sawn and worked to the lines with 
chisels and rebate planes. 

Lock Corner Joints. We now come 
to an important variety of joints differing 
from all the foregoing in being fitted to each 
other by a series of projections and correspond- 
ing recesses, instead of a continuous projection, 
as in the case of a tongue and groove and others 
of similar character, or joints in which there 
are only one or two projections, as in tenons 
and laps. The simplest form of this class is 
the lock corner [215]. This is an excellent 
joint which, held by glue alone, is strong enough 
for almost any purpose. It is, however, not 
often made by hand because there 1s as 
much work in it as in dovetailing, and 
hand workers prefer the latter if a first-class 
joint is to be made. Lock corners, therefore, 
are almost invariably cut by machinery, but 
owing to the prejudice against their appear- 
ance they are employed only for a rough 
class of work. 

Dovetail Jointa. Very closely allied to 
the lock corner is the dovetailed joint, which 
is considered the best possible for uniting ends 
of wood at right angles. Fig. 216 shows the 
ordinary form and proportions of dovetails, 
the two pieces being separated. Fig. 217 shows 
a form in which pins, and spaces or sockets are 
of equal width. This is sometimes called a 
cistern dovetail, because it is used for wood 
cisterns and large heavy boxes. It is rather 
stronger than 216, but the appearance of the 
latter is considered better, and so it is almost 
universally employed for light and small work. 
The ideal shape is considered to be dovetails, 
with the narrowest possible spaces between 
—that is, a space no wider at its narrowest 
part than the thickness of the saw; and 
where appearance is of more importance than 
strength, this proportion is often adopted. 
But the usual preportion in ordinary work 
is that shown in 216, in which the dove- 
tails are about four times the width of the 
spaces between them, the measurement bein 
taken on a line half-way between roots and 
points (A, B, 218]. The angle of the dovetails 
is about 80 degrees with the ends of the wood. 
A more acute angle renders that portion of the 
wood liable to shear away in line with the grain. 
As in the putting together of ordinary butt 
ends, like 199, so in dovetailed ends; if the box 
or frame be longer in one direction than in 
the other, the dovetails are cut on the longest 
sides. and the pins which fit between them on 
the shortest. gauge is set to the thickness of 
the wood that is to be dovetailed. In most 
cases, of course, sides and ends are of similar 
thickness, and the gauge is set to that dimension 
and used on the ends of all the pieces alike, 
gauge lines being marked on both sides of each 
‘end where dovetails are to be out, and also 
pera in be gas ea ae are goes 
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Marking Dovetail Joints. As one part 
is marked and cut-first and the part which has 
to fit it is marked directly from it, it is not 
essential that the marking out of pins or 
sockets should be done other than roughly by 
the eye, but usually it is done accurately by 
measurement. Some men start by marking out 
the dovetails or socketed portions, while others 
are in the habit of marking the pins first. It is 
not a matter of any importance, but the first 
method is preferable when a quantity of parts 
are being done, and it is desired to cramp and 
saw a number together. 

To begin by marking out the socketed part. 
the line A B [218] should be gauged or pencil- 
marked half-way between the roots of the dove- 
tails and the end of the wood. This is the 
line on which the divisions are made, the inclined 
lines of the sockets cutting through the divisions 
on this line and extending to the roots and 
tops of the sockets where the divisions to mark 
from could not be so conveniently made. To 
proportion them roughly one-third of the thick- 
ness of the wood may be taken as a suitable 
width for the sockets and four times that amount 
for the intervening dovetails. These divisions 
are made on the line A B, and modified to suit 
the width of the wood. At the edges of the wood, 
half dovetails are formed, or, if desirable, more 
than half, in order to give a reasonable thickness 
of material on the outside. A bevel is set to the 
angle of 80 degrees, and used against the end of 
the wood to scribe the lines in the same way that 
& square would be used for marking right angles. 
When, as is usually the case, two sides have to 
be marked and cut they are clamped or screwed. 
together and treated as one piece, thus saving 
time. The bevelled lines of the sockets are next 
cut with a dovetail saw, or if large, with a 
tenon saw, the wood being held end upwards in 
the vice, and the cuts being made down to the 
gauged line which marks the roots of the sockets. 

Dovetails are usually put together a sawn fit, 
only the end grain at the roots being finished 
with a chisel. When sawn down there is a choice 
of two methods of procedure. One is to clear 
the sockets out first. This would be done with 
a bandsaw if one were available, but by hand 
they are either partially cut with a bow saw or 
else by mallet and chisel, working from each 
face of the wood in turn. In any case a chisel 
must be used for finishing exactly to the gauge 
line. For this purpose a chisel with sides bevelled 
to the angle of 80 degrees or more is more con- 
venient than a square-sided one, Then, the end 
to be fitted to it is placed in the vice and scribed 
from it, as shown in 219. The other method ie 
to mark the end with a saw inserted in the saw 
cuts before the spaces are cleared out [220]. This 
method would be decidedly better if the saw mark 
represented exactly the cut, but to make the pins 
and sockets a close fit the saw must afterwards be 
kept a shade to one side to allow for the thickness 
of the cut. Either method may be adopted, 
marking with the saw generally being preferre® 
The are numbered or marked to show 
how go, and then sawn down and cleared 
out with a chisel, and are ready to go together. 


Lap Dovetails. Lap dovetails [221] are used 
chiefly for drawer fronts, the front being made 
to lap over and conceal the ends of the dovetails 
so that the latter are visible only in the sides 
when the drawer is open. The thickness of the 
lapping or covering portion on the front is 
usually the difference in thickness between front 
and sides, generally about } in. or so. This does 
not materially affect the method of marking out 
and cutting them already described, except that 
the saw cannot be run through in cutting the 
front. ; 

Secret Dovetails. Secret dovetails [222] 
are concealed within what appears from the 
exterior to be a plain mitre jomt. They are 
employed only in high-class work for the sake 
of appearance, the joint being weaker than 
ordinary dovetailing, and more troublesome to 
make. The dovetails are simply gauged back 
short of the ends of the stuff, and otherwise 
marked and worked in the ordinary way, except 
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that they have to be cut out, chiefly by the chisel 
alone, because the saw cannot go through. The 
wood extending beyond the ends and sides of 
the: dovetails is then bevelled to form a mitre 
joint. Another method frequently adopted, but 
not so strictly a secret dovetail as the preceding, 
is to mitre only the front and leave the en 
square, which gives the joint an exterior ap- 
pearance like 211. It is, in fact, a double lap, 
instead of a single lap like 221, the corner being 
mitred to permit the laps to come together. In 
enother form the lap is not mitred, but appears 
on the exterior as a plain lapped joint like 200. 
Dovetailed joints are usually held together 
by glue alone, though it adds to their strength 
if they are nailec as well. Before gluing, the 
parts should be tried together to see that they 
fit perly. Then plenty of glue should be 
applied to the end grain of the pin spaces, 
and a little to all parte that come in contact, 
using a small brush or thin slip of wood in the 
sockets. In finally driving together, the wood is 
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not struck directly with a mallet, for fear of 
bruising or splitting it if the pins do not go 
down regularly, but a large block of wood is 
laid on the surface, and blows with a mallet or 
heavy hammer delivered on this, changing the 
locality of the blows as required. The fit. of 
course, must not be so tight as to necessitate 
very heavy hammering, or there will be a risk 
of splitting. 

Ornamental Angle Joints. Figs. 228 
to 227 illustrate methods of ornamenting and 
concealing joints in wood meeting at right angles, 
the forms of the actual joints not differing in prin- 
ciple from those previously shown in 199 to 212. 

Joints at Other than Right Angles. 
These are frequently necessary, and there are 
two main varieties. One, in which the pieces 
mect at right angles in one plane but not so 
m the other, 228 being an example; and the 
other, in which they meet either at an obtuse 
or acute angle, 229 being an example of an obtuse 
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angle. In cither of these cases most of the joints 
already described are applicable, making the 
necessary allowance for the different angle. This 
in most cases gives more trouble in making them, 
especially the dovetail. The pins end sockets 
in this case should be parallel with the sides of 
the wood and not marked from the ends unless 
two bevels set to different angles are used, for 
the angle of 80 degrees, sloping alternate ways 
from the end, would tilt the dovetails out of 
parallel with the sides. Such a joint would go 
together and is sometimes employed, but it is 
not the usual method. The extra difficulty, how- 
ever, in al] points of this kind is more in the 
marking out than anywhere else. The square 


generally has to be discarded and a bevel used 
in its place. Even in a simple butt joint {228}, 
the fitting is considerably complicated by the 


slope of the sides and ends, which throw at an 
angle everything which in ordinary work would 
be cut square. This necessitates the use of the 
bevel, and careful marking out. 
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Fished and Scarfed Joints. These are 
joints used in lengthening balks and timbers 
of large section in heavy carpentry. In these, as 
in all others, the kind of joint adopted depends 
on the nature of the stress it has to sustain, or 
whether it is for temporary work or permanent 
service. There are two main varieties of joint 
used for uniting large timbers end to end, each 
well adapted for resisting corresponding stresses. 
These are joints to resist compression, and those 
to resist bending and shearing and some amount 
of tension. The former are required for posts and 
vertical timbers, the latter for horizontal beams. 

Timbers which stand vertically and have to 
resist compresgion endwise should always have 
square joints, never scarfed, veed, or sloping 
surfeces. The simplest way to joint for this pur- 

e is to butt the square ends together and bolt 
h-plates to the sides, as shown in 280. Fish- 
plates may be either of iron or wood. In the 
latter case, to make the joint equal in strength 
to a solid timber, the combined thickness of the 
plates should be equal to the thickness of the 
timbers joined. Iron plates are usually pre- 
ferred, sometimes laid flat on the surface, and 
sometimes with their ends turned in [280]. 

Fish-plates are generally made in length 
equal to about six times the thickness of the 
timber, hard wood requiring Jess length than 
soft. Fig. 281 is a joint connected by wood 
plates. The plates might be bolted flat on the 
surfuces without the indentations shown, but 
the latter enable it to better resist bending and 
tension. Two methods of indenting are shown 
in this illustration. That on the left, where the 
plate is fitted into the beam, is known as 
tabling, and that on the right, where separate keys 
are used, as cogging or joggling or keying. These 
greatly relieve strain on the bolts. A half-lap 
joint like 282 is neater than either of the pre- 
ceding, and in many cases would be sufficiently 
strong in itself without the addition of fish-plates. 

Improved Fish Jointa. A still better 


form would be to cut the lapping ends in a. 


series of steps, which leave each timber thick 
where its reduction starts, and thin at its ex- 
tremity. Fig. 288 is a more complicated joint of 
the half-lap class, quite as strong in compression, 
but able also to resist more transverse stress than 
either of the preceding. It may therefore be con- 
sidered superior in every way, butis more trouble- 
some to make. A further improvement on this 
is shown in 2384, the jomt in this case being 
tightened by driving a key through the slot cut 
in the centre. The advantage of this is that the 
joint can be more easily fitted together, and can 
be keyed to a tighter fit than would be ible 
if the parts had to be driven together sideways 
and left at that. When a beam-has to be fortified 
against side strains as well as downward pressure, 
the joint is often indented longitudinally at each 
end of the lap instead of being cut straight &Cross, 

Scarfed Jointa. All the examples so far 
have been suitable for vertical timbers, but we 
now come to scarfed joints for tension and 
bending rather than compression. : 

A scarf is a bevelled or sloping joint [235 and 


338). In ite ee form, which is not very 
strong, it is a plain, flat surface at -an angle. 
In compression the surfaces of such a joint would 
tend to slide over each other and so break the 
joint ; and even in more complicated form, with 
the surfaces veed, as at the lower side of 235 
and 286, there would be a tendency to split the 
recessed part out. But these joints are well 
adapted for beams which are subjected to com- 
bined tension and bending. As the upper part of 
a beam is in compression and the lower part in 
tension, the extremities of the scarf are generally 
formed, as in 285 and 286, to suit this, the square 
shoulder on the upper side being much better 
for compression. Often short fish-plates are 
bolted across the under sides to assist in keeping 
the joint together, and sometimes also across 
the top joint to stiffen the beam. Sometimes 
fish-plates the full length of the scarf are em- 
ployed. Joints in beams should always be 
arranged to come on or near supports. Fig. 285, 
is tightened by one key, and 286 by two keys, 
its form being comphcated thereby. For rough 
temporary work, timbers in tension are often 
lapped side by side for several] feet and bolted. 

The tabled and cogged joint [281] is adapted 
for resisting tension. Deeper notches might be 
employed if it were a joint for tension only, 
but this would make it weak laterally, and if 
carried too far, weak in every way. Generally, 
direct tension in a jomt is so slight that the bolts 
alone can be relied on to resist it. In fished and 
scarfed joints bolt holes should be bored small 
enough for the bolts to be driven in a tight fit ; 
and, as in all other woodwork, the nuts should 
be tightened at intervals as the timber shrinks 
and accommodates itself to the compressive 
force of the bolts. 

Other Joints. When great lengths have 
to be made up, a number of deals are often bolted 
together, breaking joint with each other [287]. 
A very strong timber of unlimited length can 
be built up in this way. When a great number 
of deals are employed in this way in forming a 
single timber, the end joints would not be arranged 
symmetrically as in 287, but so that not even alter- 
nate ones came opposite each other. The building 
up of a long timber is only one example out of in- 
numerable instances in which the principle of 

; breaking joint 1s em- 
a pre come 
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3 Beams may be 

KEY FOR Beams _ increased in depth 
by jointing, as in 
288 end 238, the cogged of serrated joint being 
necessary to prevent sliding. Iron plates may 
be employed as in fished joints to increase the 
strength of a beam. Generally one plate only, 
called a fitch plate, is employed, the beam being 
split down the middle and the plate bolted 
between. Steel girders or trussed beams are 
usually preferred to these methods. 

Fig. 240 shows the form of key employed in 
beams. It consista of a pair of folding wedges 
which, driven in opposite directions, tighten 
themselves in a parailel slot. 
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Diirer and Holbein, 


By P. G. 


German Painters. German painting 
of the fifteenth century has been admirably 
summed up by M. Reinach: “Italian art 
dreamed of beauty and realised its dream. 
Flemish art was in love with truth and held 
the mirror up to Nature. German art rarely 
achieved either truth or beauty. But it succeeded 
in rendering, with a fidelity that was often brutal, 
the character of the German people immediately 
before and after the Reformation.” Local 
schools were flourishing already in the fourteenth 
century in the various cities and districts, but 
comparatively few of the artists’ names have 
been handed down to us, and modern research 
has had to be content in many cases with identi- 
fying the painters as 
“the master of such 
and such a picture.” 
The schools of Prague, 
Cologne, Augsburg, the 
Upper and the Lower 
Rhine abound in such 
anonymous masters, 
who generally contented 
themselves with: setting 
their angular figures, 
which in movement and 
expression often verge 
on caricature. against 
a flat golden  back- 
ground, without an 
attempt at landscapo 
backgrounds, and with- 
out much concern for 
orderly § composition. 
Yet there is an undeni- 
able naive charm in the 
Kincerity of many of 
these works, though 
they have neither the 
beautiful colour, nor 
the tender sontiment, 
nor the delicate execu- 
tion of the contem- 
porary Flemish works. 

Durer. Even 
Albrecht Durer (a.p. 
1471-1528), the greatest 
German master, is no 
exception to the rule, and of pure beauty such as 
we have met in the works of his contemporaries 
in Italy but little is to be found in his pictures. 
He is intensely dramatic and serious, simple and 
direct, and combines to the highest degree all 
the qualities that are characteristic of the 14an 
Renaissance, a movement which was intellectual 
and moral rather than artistic (81]. Few, if any, 
artists could rival Diirer in the rendcring of 
textures, and this refers as much to his line 
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The Fetes Galantes. 
Fragonard, and Greuze. Hidalgo and Inquisition. Velasquez and Goya 





81. A PORTRAI?P, BY DURER 
(The Prado, Madrid) 
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engravings as to his paintings ; few could invest. 
every dotail and accessory introduced in a picture 
with more interest; few thore are that could 
depict a simple story with more homely, touching 
directness. 

Holbein. ‘The sccond of the great masters 
produced by Germany was Hans Holbein (1497- 
1543), the greatest of the Augsburg School, 
as Diirer had been the greatest of that of Niirem- 
berg. Holbein is one of the few early Germans 
who is exempt from tho charge of lacking tho 
Kense of beauty. He benefited by the lesson 
taught by the Italians as regards pictorial com- 

osition, and developed a noble free style which 


ad none of the taint of Gorman ugliness. At 
the same time he 
retained the typical 
German quality — of 


careful, minute obser- 
vation, tempered by 
aye ek insight into 
character. His portrait 
drawings, of which a 
vast number are pre- 
served at Windsor 
Castle — Holbein = was 
Court painter to Henry 
VIIT.—show his un- 
rivalled suronexs of 
touch and expressive- 
ness of line. Like most 
northerners, he loved 
to introduce a great 
varicty of detail into 
his pictures, but he 
always knew how to 
subordinate it to the 
main theme, which it 
emphasises rather than 
detracts from. In such 
ictures as “The Am- 
assadors ”’ «at —> the 
National Gallery [82], 
or the merchant 
“George Gyze” at ‘the 
Berlin Ciallery, all the 
accessories are fraught 
with meaning, but do 
not draw our interest 
from the personages depicted. And for perfect 
craftsmanship Holbein may be held up to every 
student as an example worthy of emulation. 
Janet. In France the chief representative 
of autochthonous painting in the fifteenth 
century was the illuminator Jean Fouquet, 
but the history of French painting may be said 
to begin with Francois Clouet (A.D. 1510-1572), 
better known as Janet, an artist considerably 
influenced by the Van Eycks, and one of the 
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world’s greatest miniature painters. His por- 
traits often bear a close resemblance to Holbein’s. 
His contemporary, Jehan Cousin, owed nothing 
to foreign teaching and acquired great fame 
as a painter of glass. 

Francis I., in a.p. 1531, called Primaticcio and 
a few other second-rate Italian painters to his 
country to decorate his castle at Fontainebleau, 
and this led to the founding of the school of 
Fontainebleau, from which issued a number 
of pseudo-Italian mannerists whose pretentious 
work only delayed the development of national 
French art. Only, the early seventeenth century 
brought forth a few native artista of decided 
originality, notably the brothers Le Nain, painters 
of homely scenes and of camp life, who had dii- 
tinct affinity with 
the Dutchmen of 
the time, though 
their sombre colour- 
ing connects them 
with the Spanish 
school 

The French 
Classicists. 
Nicolas Poussin 
(a.D. 1594-1665) 
studied in Rome, 
then considered the 
fountam-head of all 
art, and learnt the 
lessons taught by 
Raphael and 
Michelangelo, and 
even more by the 
antique. He was 
more classic than 
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cabinetmakers, and metal-workers. aint- 
ings belong entirely to the literary order, and have 
little to do with art. The real national tradition 
was perpetuated to a certain extent by the por- 
trait painters Mignard and Rigaud, and, above all, 
by Antoine Watteau (4 D. 1684-1721), the great 
painter of the ‘ Fétes galantes,” the typical 
artist of the “Rococo” period. His arcadian 
scenes—French courtiers and amorous dames 
masquerading as harlequins and shepherdesses 
in delicious gardens—have not a trace of cold 
classicism, and hold up a faithful mirror to 
the idle, gallant life of eighteenth-cent 

society. The life he depicts is essentially artificial, 
but there is nothing artificial in his style. 
With al) their beauty of arrangement, his scenes 
do not appear to be 
constructed accord- 
ing to a formula, 
but have a con- 
vincing air of 
reality ; and, above 
all, he is a painter 
who revels in the 
precious quality of 
the pigment and 
who allows air and 
atmosphere to enter 
into his landscapes 
His followers, 
1 Lancret and Pater, 
| degenerate into a 
coarse suggestive- 
ness which is quite 
in accordance with 
the immorality of 
the Court of 


any of the Italian Louis XV. 

classicists, and his Immorality in 
figure paintings are Art. This ten- 
antique reliefs dency reaches a 
translated into climax in Francois 
terms of colour. 82. THE AMBASS ADORS, BY HOLBEIN Mawel Boucher (A.D. 
His eclecticism de- (National Gallery, London) 1704-1770), the 


barred him from 
seeing life, movement, and emotion in Nature, 
which, in his pictures, are merely superficial 
adjuncts to classic poses. But he was a master 
of the “heroic” landscape, a landscape that 
is based on noble arrangement and linear il 
pective, and not on colour and atmosphere. 
ae Poussin, his brother-in-law, was inspired 
by Nicolas in his landscapes, though the younger 
master was a little more concerned with light and 
air, and not so uncompromisingly severe. The 
same influence produced the style of Claude 
Lorrain (4.D. 1600-1682), who is considered in 
the article on landscape art, and who was an 
artistic progenitor of the great Turner. 
Watteau and the ‘“‘ Rococo” Period. 
Another ope il of Poussin, Charles Lebrun (a.p. 
1619-1690), became Court painter to Louis XIV., 
and ruled as a veritable autocrat over the art of 
his country, which degenerated into mere 
theatrical pathos. He was not only entrusted 
with all official commissions for paintings, but 
was made Director of the Gobelins Tapestry 
Works, and supplied designs for aealou ; 
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“Painter of the 
Graces,’ who is the typical child of a period of 
degeneracy, though his works, however objection- 
able they may appear from the moral point 
of view, have undeniable decorative charm 
and superficial beauty. His pupil, Fragonard 
(a.p. 1732-1806), is a brilliant delineator of 
the nude, an artist of great esprit, who con- 
nects the period of untrammelled lascivious- 
ness with the downfall of the old régime 
brought about by the Revolution. Parallel 
with this current of art, which is essentially 
at the service of the Court, is another little 
stream which reflects the healthier life of the 
people. Chardin (4.D. 1609-1779) is a painter 
whose tendency is as pena! mora] and ser- 
monising as Boucher and his school are immoral 
and seductive. And just as the latter are off- 
shoots of the Italianising classicists, so i 
is connected with Le Nain and with the Dutch 
small masters. Even more marked is the moral 
tendency of some of Greuze’s genre pictures [83}. 
though in other works he appears to cater for 
the sensuality of the ruling classes. But nejther 
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of the two was the founder of a school, and the 
Revolution directed the art of France into new 
channels. 

French Sculpture. The progress of 
sculpture in France during these two centuries 
was very much on the same lines as that of paint- 
ing. The master who dominates the seventeenth 
century, Pierre Puget (a.p. 1622-1694), did not 
receive official recognition, since he would not 
submit to the autocratic rule of Lebrun. His 
art was based on the study of the antique and 
of Michelangelo. The hold of the latter master 
over Puget appears most strongly in the “ Milo 
of Crotona”’ at the Louvre. To the eighteenth 
century belongs Falconet, the author of the very 
academic equestrian statue of Peter the Great, 
at St. Petersburg ; Clodion, a boudoir sculptor, 
who expressed in marble 
and terra - cotta what 
Boucher and Fragonard 
expressed in — paint ; 
Houdon, a brilliant model- 
ler of portrait busts, and 
Pigalle, who continued to 
follow the antiquo with 
exaggerated elegance of 
form. His noblest work 
is the tomb of the Maréchal 
de Saxe, in Strasburg. 
What marks all French 
sculpture of this period is 
the striving after grace and 
elegance and = decorative 
effect, which frequently 
results in limbs of ex- 
aggerated length and a 
certain dainty affectation, 
which is far from dis- 
pleasing. The character of 
the period is certainly 
reflected in its sculpture 
as well as in its painting. 
But with the advent of 
the Italian Canova, at 
the turn of the century, 
all character was lost in a soulless, cold imitation 
of all that is merely formal in the antique. The 
fame of this uninspired marble-carver spread over 
the whole of Europe, and acted as an effective 
check to all individual expression. In every 
country his fatal example was emulated—in 
Denmark by Thorwaldsen, in England by Flax- 
man, in Germany by Danneker, and in France 
by numerous sculptors whose fame has been 
obliterated by the great men who followed in 
the second half of the last century. 

Spanish Painting. The history of Spanish 
painting my be said to begin about the time 
when Granada was captured from the Moors, in 
A.D 1492. Innoother country was the individual 
expression so severely handicapped as in this 
country, where for centuries the Inquisition 
exercised a censorship which not only forbade 
the study of the nude and all other * worldli- 
ness,” but interfered even in matters of detail. 
The slightest deviation from Scriptural truth 
or from Catholic dogma was treated as heresy. 
Thus in painting a “ Crucifixion ” every artist had 
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to adhere ey to the measurements of the 
cross, which had to be in the proportion of 
15 ft. by 8 ft.; and the Italian sculptor Torri- 
giano, who was working in Spain, was actually 
imprisoned by the Inquisition for having, in a 
fit of passion, broken up a * Virgin and Child” 
wrought by his own hands! 

Art Under a Shadow. Thi strict 
supervision by the Church, together with the 
serious, proud character of the Spanish race, 

roduced an art of great sombreness and reserve, 
Inspired by a passionate love of reality, an art 
which has dramatic intensity, boldness. and 
strength, but never sounds a note of gaicty and 
joy, and is rarely occupied with beauty and 
grace. It reflects the proud, hidalgic attitude 
to life, the grandeza and strict ceremonial of 
the silent Court, the iron 
rule of the Church and 
Inquisition. And through 
all the influences from 
wbroad—from Flanders in 
the fifteenth century (the 
Gothic period), from Italy 
in the sixteenth century, 
and from France at the 
close of the glorious period 
which culminated with 
Velasquez —can be de- 
tected the sombre glow of 
these national traits. 

Juan de Borgofia and 
Pedro Berreguete, both of 
whom worked in Castile at 
the end of the fifteenth 
century, were among the 
first to introduce Italian 
methods, which took firmer 
root when Charles V. and 
Philip Il. induced a whole 
band of Italian painters 
to settle in Spain. Among 
the prominent Spanish 
masters of the carly six- 
teenth century are Luis de 
Morales, Pedro Campajia, and Luis de Vargas, 
but their works, like those of innumerable other 
meritorious painters of the period, are practically 
unknown outside their native country. 


The Rise of the Spanish School. 
What might be called the “ historical” period of 
Spanish art rises with the school of Sevilla, to- 
wards the end of the sixteenth century. Pacheco, 
from whom Velasquez received his carly training, 
was scarcely more than an able Italian man- 
nerist; but Juan de las Roélas (4.p. 1558-1625) 
and Herrera the Elder (1.v. 1576-1656) intro- 
duced something of the sumptuousness of 
Venetian colouring into the sadness and dark 
shadows of the Spanish palette. Francisco 
Zurbaran (A.D. 1598-1662) was a painter of great 
emotional power, almost ecstatic in his dramatic 
intensity, with a sense of pleasing form and line. 

An extraordinary genius, weird and passionate, 
was El Greco (1548-1614), who, in his endeavours 
to escape from the convention and imitation 
which fettered his precursors, arrived at a fren- 
zied, extravagant style, with figures whose limbs 
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Manvedl 
88. THE LISTENING GIRL, BY GREUZE 
(Wallace Collection, London) 


are twisted into extraordinary contortions and 
of inordinate length, seen in a patchy light that 
never wasonseaorland. He was a restless spirit, 
but endowed with a noble sense of colour and 
with the gift of seeing the dreams of his almost 
insane imagination as a ho neous whole. 
Velasquez, King of Painters. With 
Velasquez (a.D. 1599-1660) we reach the apogee 
of Spanish art. He was not only the greatest 
master of his time, but opened a new vision 
to modern art, a vision in which the greatest 
painters of our own day find salvation. No 
one has ever more completely realised the truth 
of the saying that 
the greatest art 
1s to conceal art. 
Painted with an 
astounding sure- 
ness an sim- 
plicity of means 
—his palette is 
said to have con- 
sisted of only four 
colours — his 
pictures produce 
an amazing effect - 
of reality. His tone 
values are perfect, 
and there i a | 
unity of vision [ 
which places before 
one just what | 
could in real life 
be taken in by 
one glance, leaving | 
out such detail | 
as would detract 
from the general 
impression, and 
yet never slurring 
over anything that 
is really cssential. 
In his portraits his 
sitters seem to live 
in the atmosphere 
in which they are 
laced, and their 
ife is not only that 
of their body, but 
of the very soul. 
His psychological 
insight is the more 
marvellous, as he 
painted at a Court 
where everybody wore habitually a mask of 
cold dignity to conceal his real character. The 
realism of Velaiquez is of a kind that never 
stoops to an indiscriminate recording of Nature’s 
accidental blemishes. If his pictures appear 
to be the spontaneous result of direct obser- 
vation, and have little in common with the 
studied arrangement of academic compositions, 
he is so perfect a master of selection that there 
js never @ touch which would in the slightest 
degree cen fee Et rear and deocora- 
tive spacing. iHustrations intings 
Velasquez on pages 182 and 723.]} cd 





84. THE HOLY FAMILY, BY MURILLO 
(National Gallery, London) 


Muriile and Ribera. The other name 
that is inscribed in letters of gold on the tablets 
of Spanish art is that of Murillo (a.p. 1617-1682), 
whose pictures have been aptly called the 
embodied expression of Spanish Catholicism. 
A charming colourist and accomplished draughte- 
man, he is wholly lacking in inspiration and 
depth of thought. He clothed the holy legends 
in the garments of his period, using the types 
of the people by whom he was daily surrounded, 
and thus translated the teaching of the Catholic 
Church into the vulgar tongue. One of his 
most familiar paintings is ‘The aoe Family ” at 

the National Gul- 
| lery, London [84%] 
But fascinating as 
he is at times, he 
has little to add to 
the history of the 
artistic  develop- 
ment of his 
country, or of the 
world at large 
. Contemporary with 
ie Velasquez and 
ee Murillo was Ribera 
(AD. 1588-1656). 
who, trained by the 
Italian naturalists, 
became in his turn 
the paramount 
influence in the 
school of Naples. 
Tn spite of all that 
he derived from 
Italian sources, he 
always retained the 
ecstatic passion and 
the sombre shadows 
so characteristic of 
Spain. His favour- 
ite subjects were 
scenes of martyr- 
dom and physical 


pain. 
Goya the 
Satirist. With 


the death of Velas- 
as and ageaet 
panish art  ocol- 
lapsed a3 suddenly 
and completely as 
it had arisen under 
their dual star. A 
brief renaissance of the ancient splendour was, 
however, brought about wy Goya (4.p. 1746- 
1828), an artist of immense versatility ee a 
genius, though frequently hasty and slovenly in 
execution. his best work he almost rivalled 
Velazquez—in fact, he is the one link that con- 
nects this great master with Manet and the later 
nineteenth century. He must be counted among 
the greatest etchers and lithographers of all times, 
as he was one of the greatest satirists; who defied 
Government and Inquisition with his merciless 
ure of the vice, ignorance, corruption, and 
immorality of his period. 


Manseli 


; Contenued 
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By Dr. 


"THE book to which we referred at the close 

of the last article is entitled “The Study of 
Sociology,” and was written by Spencer as an 
introduction to the whole subject. It consti- 
tutes Vol. V. of the International Scientific Series 
—that magnificent enterprise which Spencer 
himself had some share in starting —and has been 
by far the most popular of all its noteworthy 
KUCCesses. 

A Book that Must be Read. It is com- 
paratively a small book, and costs only 3s. 9d. 
Anyone capable of reading anything worth 
reading can read it. Excepting the little treatise 
on education it is by far the most popular and 
readable and attractive of all Spencer’s works 
Just as no one could regard himself as a serious 
student of organic evolution unless he had read 
the “ Origin of Species,”’ so no one could regard 
himself as having made a beginning with 
sociology who had not read this book. If the 
reader has time to follow further sections of 
this course, it follows, a fortiort, that he has 
time to read this book, and we shall assume that 
he will do so. Our indications of its substance 
may therefore be brief. 

he author begins by showing that we are 
in need of eeeay an easy task most con- 
vincingly performed. He then asks whether 
there is such a thing as sociology, refuting those 
who, insisting upon the difficulties of the 
science, the mutual contradictions of its pro- 
fessors, the incalcuJable part played in human 
affairs by the will of man, declare that sociology 
is impracticable and vain. Among the parallels 
which he employs he makes good use of that of 
meteorology. He then proceeds to discuss the 
nature of sociology and the various difficulties 
which beset it. 

Difficulties of Sociology. The illustra- 
tions employed in the course of these 
chapters will be found the most delightful 

ing. After thirty years, we may say, 
perhaps, that the discussion of the intel- 
lect difficulties in the study of sociolog 
will meet, as it did not meet in 1873, with 
the immediate assent of the great majority 
of readers. Still more impressive is the dis- 
cussion of the emotional difficulties which beset 
us—a discussion which includes a noble and 
terrible indictment of those who worship the 
incomparable criminal whom men call Napoleon 
the Great. Here we may note that Spencer 
refers to the estimate that “one vile man’s 
lust of power was gratified through the deaths 
of two millions.” The recent Prscianehed copied 
by a t living Frenchman, however, places 
the mire at eight millions. The present writer 
w be only too if he could send to 
each of hie readers a copy of this volume con- 
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taining all the annotations that he has mado 
in his own copy; but this one, at least, he 
cannot forbear quoting. 

Morality and Patriotiam. Spencer then 
goes on to discuss the difficulties which may 
all be classed as bias. He describes the educa- 
tional bias which, alas! is as bad to-day as it 
was a generation ago, and which continues 
Then follows 
a chapter on the bias of patriotism, which 
distorts so many of our views and which ofton 
expresses itaelf in the abominably immoral 
sentiment, “‘my country, right or wrong.’’ 
This chapter concludes with many admirable 
pages upon the bias of anti-patriotism, which, 
of course, is not nearly so common nor yet 80 
dangerous, but unfortunately vitiates the social 
and political judgments of somo of the finest 
souls in our midst. We recommend this chapter 
to every reader who thinks, or thinks there is 
any chance of his ever thinking, about things 
that matter. Equally important is the chapter 
on the class bias, which, like the whole book, 1 
filled with such admirable sayings as these: 
“It will become a matter of wonder that there 
should ever have existed those who thought 
it admirable to enjoy without working at tho 
expense of others whe worked without enjoy- 
ing.” Next comes political bias, quite the 
least excusable of all forms of bias, and then a 
great chapter on theological bias and anti- 
theological bias, the wisdom of which, if listened 
to, would wipe out the columns of imbecilitics 
that constitute reports of speeches on the 
Education question. 

The Sociologist’s Intellectual Train- 
ing. Not with reference to sociology alone, but 
with reference to all objects of study and belief, 
we will venture to say that the reading of these 
pages (178 to 313) on bias must establish an 
epoch in the development of any mind that is a 
living thing and not a mere sensitive plate. 
They will make fair-minded, or as fair-minded 
as one may be, any one who trics to be fair- 
minded, and they will at least make ashamed of 
himself in his heart of hearts anyone who does not. 

Lastly, the author considers the intellectual 
discipline necessary for the sensible and worthy 
study of sociology. Previously, as the reader 
will observe, he has considered the moral dis- 
cipline which will make the student’s mind 
fair and worthy—the author rightly regarding 
the importance of this discipline as prior to that 
of any merely intellectual training. The author 
shows how this intellectual training must includo 
an acquaintance with the principles and practices 
of the fundamental sciences, ever strengtheni 
in the mind the ideas of relation and cause an 
effect. Subsequent sciences, such as biology, 


4121 


SOCIOLOGY 


will prepare the student’s idea of causation for 
the demands which will be made upon it by 
sociology, in which causation is not only con- 
tinuous but almost appallingly complex, and 
contingent upon so many factors. There follow 
important chapters upon special preparation 
in biology and ah A alae it may be 
hoped, as the ey Pe has had—and then the work 
is brought to a conclusion. 

The Sociological Habit of Mind. Our 
estimate of the book is that which is commonly 
entertained by sociologists in all countries, and 
we carnestly hope that what we have said will 
compel our readers to acquaint themselves with 
it. Having done so they will find themselves 
not only far more interested in sociology than 
they were before, but also able without effort 
to look at things from the sociological stand- 
point. Inshort, to read this book is to acquire 
the sociological habit of mind ; nor is there any 
other means by which this may be so readil 
or so well acquired. Having read this book 
the student will welcome a brief account of its 
illustrious author—an account which we shal] 
try to make consonant with his own conception 
of the value of personalities and of the right 
kind of biography. 

It would be fair to say, perhaps, that the 
modern rational view of history in general 
regards it as a combination of descriptive 
sociology and scientific biography. Thus, to 
choose extremes, the geographical view of 
history and the great-man theory of history 
may take their due places in that comprehensive 
view which will be completely true. 

The author of the doctrine of universal 
evolution was born in Derby in 1820 and died 
at Brighton in 1903. In his voluminous auto- 
biography he discusses, in scientific fashion, all 
the facts of his ancestors which could throw a 
light upon his own mental characters. It is 
quite plain that he belonged to an exceptional 
stock, the most noteworthy character of which 
was independence of thought. 

Herbert Spencer's Greatest Achieve= 
ment. Spencer, of course, was predestined to 
be a thinker from the first, but it was not until 
he was forty that the great work of his life was 
begun. Before that time he had written some 
remarkable essays, including the famous short 
paper in which he upheld the nebular theory 
against all the astronomical authority of the 
time, and the essay called ‘ The Development 
Hypothesis,” in which, in 1852, seven years 
before the publication of the “ Origin of Species,” 
the young author argued for the truth of the 
doctrine of organic evolution. Reference has 
already been made to the epoch-making “ Prin- 
ciples of Psychology,” which appeared in 1855. 
The great achievement of Spencer’s life was, 
of course, the Synthetic Philosophy’ This is 
not merely the only philosophic system that 
any Englishman has given to the world, but— 
which is immeasurably more important—it is 
regarded as substantially true by those com- 
petent critics who are acquainted with it. 

The doctrine of the synthetic philosophy is that 
the principle of evolution—this word having 
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been introduced by Spencer in 1857—is the 
key to the problems of all phenomena. The 
Synthetic Philosophy consists of “ First Prin- 
ciples ” (recently published in a cheap edition by 
Williams & Norgate); “‘ Principles of Biology ”’ ; 
“Principles of Psychology”; “ Principles of 
Sociology”; ‘ Principles of Ethics.” The aim of 
the entire system was to establish the truths of 
morality upon the “ solid ground of Nature,” and, 
as the author became an old man, he feared that 
he would never reach the “ Principles of Ethics ” 
if he wrote his work in the logical order. He 
therefore passed at once to this final subject, but 
fortunately lived to return to the “ Principles of 
Sociology,” the last volume of which was pub- 
lished in 1896—thirty-six years after the inception 
of this magnificent enterprise. 

What We Owe to Spencer's Inapiras 
tion. Spencer is undoubtedly greater as a 
biologist, a psychologist and a moralist than as a 
sociologist. This, however, is not to say that 
his sociological work is not of the utmost im- 
portance. Many of his conclusions, however, 
like those of his predecessors, are invalidated by 
the inadequacy of the facts upon which they 
were based. 

If the history of science proves anything it 
is that there is no royal road to gencralisa- 
tions, and sociology was yet too young for 
Spencer and his contemporaries to do the 
work which they attempted. This we must 
récognise, even though we admit that the main 
lines of his conclusions were sound, and, 
pre-eminently, that his method and his con- 
ception of sociology, as dependent upon biology 
and psychology, were true and fruitful. Lastly, 
sociologists must pay him tribute as having 
done far more than anyone else in his time 
to disseminate the idea of sociology, to teach 
thinking people that there is or may be such 
a thing, to arouse their interest, and to inspire 
the labours of thousands. Largely to such 
inspiration do we owe the fact that the socio- 
logical material at the disposal of the student is 
multiplying manifold with every decade and that 
the voice of trained thinkers is beginning to be 
heard even where politicians most do congregate. 

The Sociological Society. During 
the last few months of Spencer’s life a few 
ardent students determined to form a Sociological 
Society in this country. Owing to the generosity 
of many persons, and especially of Mr. Martin 
White, whose name is well worthy of honour, 
this project was realised, and on November 
20th, 1903, there was founded, less than three 
weeks before the death of the great philosopher, 
the Sociological Society, which is beginning to 
count for something in English thought and has 
already done much for two great complementary 
studies of the first importance—Eugenics and 
Civics—which we shall afterwards have to 
consider. Some interest attaches to the fact 
that the first president of this society, the 
Rt. Hon. James Bryce, is now a Cabinet Minister. 
One wonders what some Cabinet Ministers of the 
past, such as Palmerston, with his “ damned 
aero ” and his ignorant hatred of anything 
ike knowledge or learning, or the philosophic 


temper, would have made of a meeting of the 
Sociological yary § Mr. Bryce has been 
by Lord Avebury. To the sociologist 
who approaches the science, as we are doing, 
from the more fundamental sciences, especial 
interest attaches to the presence of Lord Avebury 
in the presidential chair of this society. In 
the first place, it is significant that sociology 
should demand the services of a historian like 
Mr. Bryce on the one hand, and a biologist like 
Lord Avebury on the other. But it is particu- 
larly noteworthy that Lord Avebury symbolises 
the existence of the science which we may here 
venture to call Comparative Sociology. To this 
subject we must devote at least a brief study. 
Human and other Societies. The 
use of the term comparative is well recognised 
in all departments of the sciences that deal 
with living things. Comparative anatomy takes 
a wider view of anatomy than mere human 
anatomy. It deals with the anatomy of all 
animals, with a special eye to as ietas the 
comparisons between the body of man and the 
bodies of the lower animals. If the doctrine 
of evolution means anything at all it must 
certainly mean that one cannot truly understand 
human anatomy without studying comparative 
anatomy. The same is, of course, true of 
comparative physiology. We are just dis- 
covering that it is most hele tptohe true of 
pathology and comparative pathology. A whole 
host of the most important diseases, which the 
study of man alone would never have elucidated, 
has already gis or 18 rapidly yielding to 
the science which compares disease processes in 
man, monkey. and mouse. Yet, again, the im- 


portance of the comparative method ix demon-' 


strated in the case of psychology. Spencer, as 
we have seen elsewhere, was the first compara- 
tive psychologist, the first thinker to abandon 
the false and proud attitude which assumed not 
merely that the psychical characters of the 
lower animals had no relation to, and no bearing 
upon, the mind of man, but even that the minds 
of savages, the minds of children, the minds of 
Orientals, the minds of women, needed no 
study and, presumably, had nothing to do 
with the particular mental characters of the 
adult Caucasian man—characters to which all 
psychologists hitherto had been complacent 
enough to attribute the magnificent term Mind. 

Social Instinct in Animals. Nor 
does the comparative method fail us when 
we come to sociology. When we speak of a 
school of whales, a shoal of fishes, a herd of 
deer, when we see the flight of birds across 
the sky, each bird falling into its own place in 
rank or file—m all such cases we recognise, 
though we may never have thought about it, 
that the social instinct is not peculiar to man. 
We shall afterwards see that the unit of society— 
or at least of all the higher forms of societies— 
is the mpeg my wherever there is the family 
there is at the germ of a socicty. Now, 
the lower animals also show the existence of 
the family in many cases. Furthermore, there 
may be eu the generalisation, which the 
present writer is prepared to uphold, that the 
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form of the family—the word being here used 
In its widest sense—will determine the form 
and the fate of the society. Where there is no 
family, as in the case of nearly all the fishes, 
the society can never reach any but the most 
rudimentary form. Where the family is that 
dependent upon polygamy, a human society— 
for instance—will differ in form and fate from 
that the unit of which is the monogamie family. 
Again, where the family—if family it can be 
called—is so vastly different, as in the case of 
the hive bees, there the resulting society will be 
totally different in form and in potentiality. 
The “Sub-Human” Societies. The 
comparative study of societies, then, or the 
comparative study of the family, must be of 
the greatest interest to the sociologwt. And of 
all the sub-human societies which mtercst him 
none can for a moment approach in interest, 
in complexity of organisation, in wonder, in 
strangeness, and in significance, as well as in 
respect of the immeasurable gap which separates 
them from us, the societies of the social insects. 
Now, of these Lord Avebury is, as everyone 
knows, not only the greatest living authority, 
but the greatest authority of any time, and thus 
a very especial interest attaches to the official 
connection of the greatest student of sub-human 
society with the society that exists to study 
human society. It is now earnestly to be hoped 
that Lord Avebury may consider the desirability 
of adding a volume of “Comparative Socio- 
logy’ to his already great record of literary 
work. It would be a pity if some student of the 
subject whose knowledge is less profound is com- 
pelled to do this piece of work, which, it seems 
to the present writer, urgently demands doing. 
Sociology and the Universities. 
Though there are six official teachers of sociol 
in such a place as Chicago, and though Brussels, 
for instance, has its magnificent Institut Solvay, 
founded by a man of wealth and wisdom, it was 
not until the end of the year 1904 that sociology 
obtained its first recognition in any univer- 
sity in the land of Spencer. The recent recog- 
nition of sociology as an academic subject by 
the University of London—which has hitherto 
been followed by no other university—is due 
to the work of the Sociological Society and the 
generosity of Mr. Martin White. Since that 
first step was taken there has also been removed 
the reproach that there was not a single recog- 
nised teacher of sociology in this country. It 
is true that this mighty and dominating science 
is yet nted by a Chair in any of our 
universities, including even the recent provincial 
universities, from which such great work will 
surely spring, and including even the University 
of London, which is at last beginning to become 
a reality and not a name. But, at any rate, 
the University of London has instituted a lecture- 
ship—one soli lectureship—in sociology, 
and has appointed to it one of the very greatest 
of living thinkers—Dr. Westermarck. It is 
significant that the first official teacher of soci- 
ology in this country should be a foreigner. 
Dr. Westermarck is known throughout the 
civilised world as the greatest authority upon 
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marriage—perhaps the only social institution 
that is worthy of the title fundamental. Since 
leaving his native Finland for this country, 
Dr. Westermarck has been at work upon an 
aspect of the evolution of etHics which is entirely 
new, and quite distinct from the wider conception 
of the evolution of ethics, which we owe, of 
course, to the apostle of evolution himself. 

Moral Ideas. In his book on “ The 
Development of Moral Ideas,”” Dr. Westermarck 
concerns himself not with the gradual evolu- 
tion of morality from parentage and from 
sympathy, but with the actual history, so far 
as it can be ascertained, of the production and 
growth of moral ideas among the lower races of 
man—many or most of which, of course, when 
judged by truc cthics, are immoral ideas ; 
und he is continuing his study of this subject 
up to the highest places. The moral ideas with 
which he is concerned are, of course, quite dis- 
tinct from the true morality, which is grounded 
in love alone, but conforms more to the derivation 
of the word morals, which, of course, means 
merely customs. These ideas, and the customs 
based upon them, have, however, played a 
gigantic part in the history of society, and very 
notably in the history of religions. It is some- 
thing that this great work is being done, though 
not by an Englishman, at any rate by the 
first academic sociologist in this country, and 
on English soil. 

The different standpoints from which sociology 
may be looked at are many and various. It 18 
unique amongst the sciences in this respect. 
Every man’s conception of sociology differs from 
his neighbour’s conception. The ecclesiastic, 
the psychologist, the physician,, the biologist, 
the social reformer, the moralist, and the de- 
tached student of the sciences in general—all 
these have their own points of view. Again, 
& man and a woman cannot possibly look upon 
sociology with the same eyes. Here, however, we 
have no space in which to discuss “ the relations 
of sociology to the social sciences,” or, indeed, 
what may he called the philosophy of sociology. 

There are two leading considerations, however, 
which it is impossible to omit from our intro- 
duction to the subject. [In the first place, 
we must refer briefly to the relations of sociology 
to the sciences that are beneath it, and then we 
must consider its relations to the one supreme 
science which is above and beyond it. 

The Foundation of the Sciences. 
There is an aspect of sociology on which it is 
well that we should insist. The science has 
ofter been described as the crown of all 
the other sciences, and so, of course, it is. One 
readily understands how a complete sociology 
would include within its substance the whole 
tissue of, say, physics, biology and politics alike ; 
but, on the other hand, the present writer is 
coming more and more to be impressed by the 
a: gre of another view of sociology—that 
which regards it as not so much the crown 
as the foundation of the sciences. Instances 
may easily be adduced. For some years the 
writer has thought, wfitten, and spoken about 


infant mortality as if it were a medical problem. 
He has sought to eliminate heredity from its 
causation in any marked degree, and to attribute 
it to bad feeding and the like. It is only after 
reading Dr. Newman’s recent book on the sub- 
ject, which he describes asa social problem, that 
the present writer has realised how partial his 
analysis of the matter has been. It now seems 

-self-evident to him that this is not a medical 
problem, but a social problem. 

Drink is Society’s Problem. Or, again, 
take the question of alcohol. In this case, as in 
the last, the medical sciences have done their 
work. The alcohol question was once, perhaps, 
a medical problem ; it is so no longer. On the 
contrary, medicine can hand it over to sociology, 
and say: “ This is your affair; what are you 
going todo about it?” Or, yet again, take the 
question of the provision of meals for schovl- 
children. Here, again, the medical problem is 
easy, suluble, and solved. The medical man knows 
how minute are the sums on which a child may 
be adequately fed. He knows how constantly 
these and larger sums are spent on that which is 
not bread. 

The working-class family in this country spends 
on the average one-sixth of its total income on 
alcohol, as Messrs. Rowntree and Sherwoll have 
proved. The problem of the physical state of 
these school-children is not to-day one for phy- 
siology or medicine, and is not to be solved once 
and for all either by medical inspection or by the 
most scrupulous obedience to the science of 
dietetics in the provision of school meals. In 
reality it is a question for the sociologist, and its 
solution will depend, the present writer believes, 
upon the answer which is returned to the 
question: ‘‘ What is tho unit of society—the 
family or the school ?” 

“The Causes of the Causes.” These 
instances are typical. It is evident that the 
subordinate sciences, such as medicine and 
biology, have their place. It might also be 
proved readily-enough that these sciences must 
be incorporate in a perfect sociology; but it is 
also evident that these sciences alone are im- 
potent to cope with the questions which at ono 
stage have to be referred to them. Faced, 
for instance, with “physical deterioration,” 
they are able to analyse it, define it, and indicate 
its ‘“‘causes”’; but—and this is the essential 
thing—the causes are only proximate causes. 
We who believe that the universe is a universe 
know that causation is universal and cternal, 
and that of any causes of anything the philo- 
sopher must ask: “‘ What are the causes of 
these causes?” For years the writer has 
contented himself with assertng and animad- 
verting upon the merely proximate and medical 
causes of infant mortality. He thought that 
one had merely to make these causes generally 
known to abolish the evil. Now, however, 
Dr. Newman has taught him, what he should not 
have needed to be taught, that these causes, 
though valid and essential, are only links in a 
chain which is endless, but the most essential 
links of which are not medical, but socsal, 
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By A. H. HIORNS 


A HEARTH, forge, or furnace is a structure in 

which ores and metals are submitted to high 
temperatures. A furnace is usually constructed 
of refractory material on the inside, and of iron 
or ordinary brick on the outside. Furnaces may 
be divided into three classes: (1) those without 
an independent fireplace, such as a blast furnace 
and & fearth < (2) those with an independent 
fireplace, such as a reverberatory furnace ; (3) 
those in which the material is scpsrated both 
from the fuel and from the products of combus- 
tion, such as a zinc retort. They may be used 
with a natural draught, the sir being aspirated 
by means of a chimney, or the air may be forced 
in by means of 5 tite apparatus. In both 
cases the heat developed depends on the calorific 
power and weight of fucl burnt in a given time ; 
also on the mode of combustion, for if the com- 
bustion be complete, the whole of the heat may 
be utilised. 

Hearths. A hearth is a low furnace in which 
the material to be operated upon is mixed with 
the fuel and flux. The heaps, stalls, and certain 
kilns for roasting ores are included under this 
title, as the fucl and ore are mixed, and the 
action is the same. The smith’s hearth is a 
familiar example of this type. 

Shaft Furnaces. A shaft furnace, 
commonly called a blast furnace, 1s a structure 
with the long axis vertical, and contains one 
common receptacle for the materials employed. 
Certain of them, as the kilns in which limestone 
or ore is calcined, are worked by «# natural 
current of air, the furnace forming a large 
chimney. The forms of blast furnaces ere very 
varied, according to the nature of the ore and 
fuel used. They may be egg-shaped, cylindrical, 
or conica]. In roasting iron ores, for example, 
where a large mass of material has to be ex- 
peditiously treated and where only a moderate 
temperature is needed, the diameter is greater 
in proportion to the height than in furnaces 
nied to the reduction of ores, in which case the 
height may be from three to five times the 
diameter, because it is necessary to have a high 
temperature in the region where the fuel is 
largely consumed, and the more fuel there is 
burnt in a given space in a given time, the 
higher will be the temperature. The fuel 
employed may be coal, coke or charcoal, because 
oxides or materials which have been oxidised 
by roasting are generally treated in this furnace. 

In the case of raw coal, it is decomposed in 
the upper portions of the furnace, sc that by 
the time it reaches the zone of combustion it 
is in the form of coke. 

Shaft furnaces for reducing ores are supplied 
with a forced blast, and may be theoretically 


divided into three parts: (1) the upper portion, 
where the ore is partly reduced without melting, 
the volatile matter is expelled, and raw coal 
is converted into coke ; (2) the middle portion, 
which may b2 considered neutral, because the 
carbon dioxide formed by the reduction of 
metallic oxides in the lower part of the furnace 
neutralises the reducing gases; (3) the lower 
portion, where the temperature is very high and 
the atmosphere completely reducing. In the 
last, flux and earthy matters unite to form 
a fusible slag; the metal 1s liquefied and falla 
to the bottom of the furnace, the slag floating 
on the top. Fig. 26 is an 
example of a blast furnace 
used for load smelting. It 
is formed of two inde- 
ndent parts—the body or 
stack, which is supported 
on iron pillars, and tho 
hearth or crucible, which ix 
surrounded by a double 
iron casing, through which 
water 14 made to flow in 
ordor to keep it cool. The 
blast is supplied through 
bix or eight twyers. Tho 
throat is closed, oxcept 
while charging, by a 
cylinder, and the waste 
gases are carried off hy a 
side pipe. 
Reverberatory Fur- 
A reverberatory 
is distinguished 





26. BLAST FURNACE 


FOR LEAD SMELTING RAaCes. 
furnace 


from the former types in being arranged with the 
long axis horizontal, and in having an indepen- 


dent receptacle for the fuel. The fircplace is 
separated from the bed, or laboratory, as it: has 
been conveniently called, by a fire-bridge, which 
is simply a wall of refractory brick, usually 
furnished with an air channel to keep it cool, 
and sometimes provided with orifices which 
admit air into the furnace. At the chimney 
end there is generally another bridge, termod 
the flue-bridge. The chimney is connected 
with the laboratory by a flue of varying length, 
and more or less horizontal. The chimney 
serves the double purpose of producing tho 
draught and of carrying off the waste gases. Tho 
roof generally slopes downwards from the 
fireplace to the chimney, so that the flame ma 
be reverberated on to the material on the bed. 
The size of a reverberatory furnace is determined 
Ls A kind of material to be operated upon. 
en ores are simply roasted, the length may 
be many times that of the fireplace, but when 
a high local temperature is desired, as in tho 
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case of puddling iron, the bed is not more than 
two to three times the area of the fireplace. 
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27. REVERBERATORY FURNACE FOR REFINING 
COPPER 
Fig. 27 1s an illustration of a reverberatory fur- 
nace used for refining copper. 

Types of Reverberatory Furnaces. 
In cases where the temperature necd not be 
very high, as in the calcination of ores, the bed 
is built of common firebricks ; but in copper- 
smelting furnaces the bed is formed of two feet 
of sand rammed in tightly, and in puddling iron 
the bed is coated with a thick layer of oxide of 
iron and iron slag rich in oxide of iron. The 
most important reverberatory furnace in which 
gaseous fucl is used is the regenerative open- 
hearth furnace of Siemens. The great advantage 
of this type of furnace is that a reducing, 
neutral, or oxidising atmosphere may be obtained 
at will by regulating the supply of air. 

The Bruckner Calciner [28] is a special type of 
reverbetraory furnace used for roasting silver 
and copper : 
ores. It con- 
sists of an 
iron revolv- 
ing cylinder, 
lined with 
firebrick, 
about 8 ft. in 
diameter and 
15 to 20 ft. 
long. At one 
end is the fireplace and at the other end is a dust 
chamber connected with the flue and chimney. 
The cylinder rests on friction rollers and is 
rotated by gearing placed on the exterior. 

Closed Vessel Furnaces. In _ this 
class of furnace the material to be heated is 
separated from the fuel by an envelope, in the 
form of a closed vessel. The vessel is heated 
by being in contact with the fuel or with the 
flame developed by the combustion of fuel. 
The form of the vessel is determined by the 
work to be done. Thus, for simple heating, 
the muffle is employed, while for fusion, crucibles 
are used. For distillation and sublimation a 
retort is used. The ordinary brassfounders’ 
furnace may be taken as a type of crucible 
furnaces, and the zinc retort as a type of retort 
furnaces. Fig. 29 is a section of a Belgo-Silesian 
zinc furnace. Two retorts (A, B) are shown 
one above the other ; in these the zinc ore and 
carbon are placed, and the flame playing round 
them produces the necessary heat for the reduc- 
tion of the ore. The vaporised zinc is con- 
densed in the receivers, C, placed in front and 
attached to the retorts. 

Production of Draught. Natural 
draught is produced by means of a chimney, 
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28. BRUCKNER CALCINER 


which may be regarded as a vertical pipe con- 
taining heated and expanded gaseous products 
of combustion. The column of air in the 
chimney is lighter than the air of the same height 
at the ordinary temperature. Hence, there is 
an upward movement owing to the difference 
of weight, and as the air has to pass through the 
furnace, the draught will depend on the tem- 

rature of the fire in the fireplace, because the 

igher the temperature the more rapidly will 
the gases pass through the chimney, and a 
greater weight of air will be required to replace 
these gases per second. 

Forced draught in smal! hearths is produced 
by bellows, but for smelting furnaces, blowing 
cylinders are generally used. In the simple 
melting of metals and in some small blast 
furnaces a rotatory fan or blower is largely 
used. 

Hot Air. When hot air instead of cold 
air is supplied to » furnace the temperature of 
combustion is considerably increased, and as 
the waste heat of a furnace may be utilised in 
heating the air a great economy is effected by 
its use. A description of arrangements for 
heating the blast of air supplied to blast furnaces 
is given in the course on Iron Manufacture. 


Copper.’ The metal copper has been known 
from the earliest times, because it is found in 
the earth in the metallic state, and its oxides 
are easily reduced. It has a red colour and 
brilhant lustre ; it is highly malleable and duc- 
tile, so that it can be rolled into thin sheets and 
drawn into fine wire. At temperatures near its 
melting point it is brittle, and may be readily 
powdered. The tenacity of cast copper is about 
8:5 tons per sq. in It melts at a temperature of 
1,080° C., and is not sensibly volatile. Jts specific 
gravity is 8°82. The fractured surface of pure 
copper is of a fine salmon-red colour and finely 
granular, but after hammering it exhibits a 





29. BELGO-SILESIAN ZINC FURNACE 


somewhat fibrous fracture, with a silk 
The conductivity of copper is very high, but is 


lustre. 


considerably reduced by small quantities of 
certain impurities. Of the impurities likely to 
be present, bismuth is the most injurious; anti- 


mony, arsenic, iron, tin, phosphorus, and 
manganese, also largely interfere with this 
property. 


Copper is unacted on in air at ordinary 
temperatures, but rapidly oxidises at a red heat. 
In moist air it acquires a coating of carbonate. 
It eg with oxygen both cuprous and cupric 
oxides. 


Native Copper. The ores of copper are: 
Native copper, of varying degrees of purity; 
cuprite or red oxide (Cu,Q) ; black oxide (CuO) ; 
copper glance ((Cu,S); copper pyrites (Ou,S 
Fess) Grey copper ore is a mixture of the 
sulphides of copper, arsenic, antimony, and iron. 
Blue and green carbonates, known 2s malachite 
and azurite, are composed of CuCO, and CuH,O, 
For smelting purposes, copper ores may be 
classified as oxides and sulphides. The most 
abundant and poorest ore of copper is pyrites, 
since the iron and copper occur in almost all pro- 
portions from a trace of copper up to 56 per cent., 
as in peacock ore. Copper is extracted by both 
dry and wet methods. The dry method is 
further classifed into reverberatory and blast 
furnace processes, although the main principle 
is the same in each case. 


Copper Extraction The Welsh or rever- 
beratory method was formerly conducted in 
six or eight stages, according to the richness 
of the ore, which is chiefly pyrites. The process 
consists of alternate roastings and meltings in 
order to oxidise the impurities and pass them 
mto the slay, while the copper is concentrated 
as a reguius or sulphide. When this con- 
centration is constdered sufficient, the copper 
sulphide is partially roasted, so as to form a 
mixture of oxide and sulphide. Then these are 
allowed to aaah on vag other at a higher tem- 
perature, and liberate the copper in an approxi- 
mately pure condition. This reduced copper is 
refined in a special reverberatory furnace [27]. 
The cakes of copper are gradually melted, during 
which oxides are formed, including the im- 
purities. These oxides unite with silica (sand), 
and form a rich slag. The metailic copper is 
covered with anthracite and a pole of wood is 
inserted. The carbon and gases from the wood 
reduce the oxides of copper, and bring the mm- 
purities to the surface. If the poling is insufficient, 
the copper is dry in appearance and brittle. 
When the right degree of poling is attained, the 
copper is said to be at “tough pitch.” if the 
poling is carried too far, the oxides of the impuri- 
ties are also reduced and pass into the ay a 
making it brittle. Another method of refwing 
copper, largely practised in America, is 
sisanaed slectish sis. It is cast into slabs, placed 
M a copper rip histe solution, and a current of 
clectricity passed through until the copper is 
deposited. Such copper is re pure. 

Copper Reduction. In the blast furnace 
methods, the roasting is often dome in heaps 
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or kilns, but the more modern plan @ to 
use large revolving cylinders or large fixed 
chambers, in which the charge of ore, or 
regulus, is automatically stirred and carried for- 
ward by mechanical arrangements. The blast 
furnace for copper extraction is generally built 
of iron, tapering slightly, so that the top is 
wider than the bottom. The iron casing is 
double, with a space between, so that water can 
circulate through in order to keop down the 
temperature. The regulus collects in « special 
reeeptacle called a fore-hearth, and is withdrawn 
when desired. Brick furnaces are also extensively 
used. The regulus, or matte, 1s again roasted, so 
as to form oxide, and the oxide 1s reduced by 
carbon in a second blast fumace treatment. 
The refining is the same as in the Welsh method. 
The blast furnace process differs, therefore, from 
the reverberatory process in that the oxide is 
finally reduced by carbon, and not by reaction 
between oxide and sulphide. 

The Bessemer converter is now largely used 
for obtaining copper from regulus (sulphide). 
The blast of air oxidises the sulphur, forming 
Bulphur dioxide gas, which escapes, and partially 
oxidises the regulus. The oxide and sulphide then 
react on each other, producing metallic copper, as 
in the Welsh method. The wet process of copper 
reaction depends upon the principle that a sol- 
vent first dissolves the ore, which passes into 
solution, and the copper is then precipitated 
hy means of iron. The precipitate is finally 
refined. 


Electrolytic Copper. The application 
of electrolysis to the refining of crude copper, 
referred to above, has greatly increased of 
late years. If a current of electricity pass 
between two copper plates immersed in o solu- 
tion of sulphate of copper, the anode rapidly 
dissolves, while an equivalent weight of copper 
18 deposited on the cathode. If, then, an impure 
plate of copper be used as an anode, the copper 
will be dissolved, and with it some of the 1m- 
purities, but so long as there is a good excess of 
copper present, and the right strength of current 
1s employed, the copper alone will be deposited. 
Bismuth, tin, antimony, and arsenic remain in 
part insoluble ; platinum, gold, and silver are left 
on the anode as a slimy deposit. The crude 
copper is cast into slabs, which arc suspended one 
behind the other in tead-lined vats, all of them 
heing connected with the positive pole of the 
oe dynamo. Alternately with them are 

ng thin sheets of pure copper, which are con- 
nected with a meee pole and on which the 

ec is ited. 
= The varietion of commercial copper are: Cement 
copper, Japan co , cake and ingot copper, 
bean short sail feathered shot copper, electrolytic 
vopper, and best selected copper. 
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By Dr. C. W. SALEEBY 


HERE is absolutely no limit to the variety or 
the number of organic compounds. We are 
acquainted with merely a fraction of those that 
occur in Nature, and we are capable of making 
@8 Many more a3 we please of compounds which 
we have every reason to believe do not occur 
in Nature at all. To these latter products we 
can make no detailed allusion here, but it is 
necessary, at least, to point out their importance 
and to convince the reader of it, though he hears 
little about them in this place. ; 

Most Fascinating Branch of Chemis= 
try. Synthetic chemistry, which is now, with 
the exception of radio-activity, the most fasci- 
neting branch of the science, is daily making 
pea rapid strides, notably under the influence 
of Professor Emil Fischer, of Berlin. Its diffi- 
culty can only faintly be imagined by the 
elementary student. If we were to discuss it here 
in proportion to its importance, we should need 
scarcely less space than this course has hitherto 
occupied. Here, however, we must try to gain 
clear notions es to the two distinct and equally 
important directions in which synthetic chemist 
is advancing. When these have been discussed, 
we must also consider a third direction in which 
as yet no advance whatever has been made, but 
which in time may overshadow both the others. 

One definite direction in which synthetic chem- 
istry is advancing, so fast that even those who 
devote their whole lives to this particular branch 
of our subject can scarcely keep abreast of it, is 
the manufacture by synthesis of entirely new 
chemical compounds of carbon. The object of 
this branch of synthetic chemistry is largely 
theoretical, but perhaps mainly practical. In 
the first place, let us consider its theoretical 
interests. 

The Achievements of Synthetic 
Chemistry. The chemist believes that law 
governs the behaviour and properties of all 
chemical compounds. He is acquainted in 
Nature with a number of organic series, such as 
‘the paraffins and their derivatives. It is thus 
one interest of his to see whether he cannot 
form artificial series which still display the serial 
quality. Furthermore, he tries to elucidate the 
relations of one series with another; and he 
tries to account for the properties of various 
series, and for the variations in the properties 
of the successive members of any series, in terms 
of molecular constitution. It need hardly be 
said that the facts which he thus discovers— 
having first, in a sense, made them—are of the 
very greatest importance in the study of the 
compounds which occur in Nature. 

e second interest of this branch of synthetic 
chemistry is practical. We have already seen 
one of its practical issues, with which the name 
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of Sir William Perkin, the great Englishman 
who has enriched the wise Germans, will always 
be associated. But we may venture to say that 
the manufacture of artificial colours is one of 
the least of the practical results of this branch 
of chemistry. Far more important in these 
days are various developments which more 
directly concern human life. Of these the best 
instance is furnished by the modern synthesis 
of drugs, which has already achieved the most 
remarkable successes. This subject can be dealt 
with here only by means of one illustration. 
The Search for an Ideal Hypnotic. 
We have already seen in our study of the alka- 
loids two powerful substances which are capable 
of causing sleep, and to these many more might 
be added ; but hyoscinc, ete. irresistible, is 
an extremely dengerous drug. The petient will 
certainly sleep, but there is the risk that he will 
never waken. Morphine, again, though it is 
still absolutely indispensable, is attended with 
many grave disadvantages, as the reader knows. 
Now synthetic chemistry has turned its attention 
to this question of the production of an ideal 
hypnotic. It is doing the same with respect to 
the ideal antiseptic, the ideal anesthetic, the 
ideal antipyretic, or febrifuge, not to mention 
many other kinds of drugs. In the case of the 
hypnotics, its efforts have been very successful, 
and for some time past every few years have seen 
a definite advance. This advance becomes the 
faster because the chemist is aided by the study 
of the molecular constitution of his previous 
products. He finds, for instance, that a certain 
compound will cause sleep, but has very little 
effect in relieving pain. On the other hand, 
he is acquainted with another compound, 
perhaps, which does not cause sleep, but will 
markedly relieve neuralgia, and thus, of course, 
may indirectly cause sleep. He compares these 
drugs with each other and with many of their 
fellows, and is more or less able to recognise the 
particular part of a given molecule that has a 
particular action upon sleep or pain or fever, 
or whatever it may be. He then tries, so to 
speak, to piece these vatious parts together in 
various combinations for various purposes. Let 
us briefly glance at some of the results. 
The Survival of the Fittest. The 
chemist has added the substance called paralde- 
hyde to the list of hypnotics, this being a polymer 
of acetic aldehyde. Again, we have already 
referred to chloral, and now we may note the 
existence of a really valuable hypnotic called 
chloralamide, which is a compound of chloral and 
formic acid. These, however, are not to be 
called synthetic products, perhaps, in the same 
sense as a number of other hypnotics, of which 
the best Known is called sulphonal. Thie 


substance has a well recognised formula, and may 
be regarded as methane, the hydrogen atoms of 
which have been replaced by ethyl groups and 
methyl groups, together with an oxide of sulphur. 
For some time sulphonal ranked as one of the 
best of all hypnotics for certain purposes. It 
was very widely used, and sometimes unfor- 
tunately abu Then it was found that ao 
modification might be made in sulphonal by the 
insertion of three ethyl groups instead of two in 
the molecule ; or four arb groups might be in- 
serted. The substances thus formed are known 
as trional and tetronal respectively. Of these the 
first, trional, is in every rl gia without exception 
markedly superior to sulphonal. If trional had 
been discovered first and sulphonal later, no 
one would dream of employing sulphonal to-day. 
In course of time the diethyl compound will be 
entirely superseded by the ies compound. 
The tetraethy] compound, ¢tetronal, is dangerous, 
and should not be used. 

And now it appears that, directly in conse- 
quence of a research initiated by Fischer, triona] 
itself will have to be superseded and replaced by 
a new synthetic product called veronal, which, for 
au very large number of cases, may be looked 
upon as, at any rate, all but the ideal hypnotic. 
This last drug is, so to speak, an instance of the 
survival of the fittest. During the last ten years 
the number of possible hypnotics of synthetic 
origin must have reached scores. As cach new 
one comes out its effects have to be tried, 
and it is only now and again that one is 
found capable of replacing the drugs already 
known, 

What the Chemista are Learning. 
Both in this case, however, and in the case of 
the production of artificial scents, colours, end 
other products, the purely experimental method 
is yielding to something of a higher scientific 
order. At: one time the chemist worked almost 
in the dark ; he beran with some suitable sub- 
stance, such as benzeiit, perhaps, and then tried 
to fit various atoms or combinations of atoms on 
to it in the hope that ‘something would turn 
up.” Now, however, this purely empirical 
method is being superseded. Chemists arc 
learning, a3 we have seen, not merely that there 
is a necessary relation between molecular con- 
stitution and physical action, but also what the 
exact relation is in a number of cases, and so 
now the work can be done more methodically. 
Time need not be wasted by the mere manu- 
facture of one compound after another—its 
novelty being the first consideration, but the 
chemist can work in definite directions, keeping 
firm hold, so to speak, of molecules or radicles 
which he knows to be valuable, and aiming onl 
at the production of new molecules in whic 
those properties will be retained. 

So much by way of illustration ; but we try to 
number ourselves, readers and writer, among 
those who, as Spencer puts it, ‘search for the 
wider meanings of facts,” and we cannot leave 
this subject without reference to what we may call 
the philosophy of it. If we venture to employ 
such @ term as creative chemistry, or to 
speak, as has elsewhere been done, of “ the 
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chemist as creator,” we must inquire into the 
meaning of that term. 

Nature ie Commanded by being 
Obeyed. In a great epigram which we have 
quoted more than once, Bacon has summed up 
all the facts of the case and more. ‘“ Nature 
is to be commanded only by obeying her.” 
Now, words like creative and creator may 
legitimately be applicd to man in many of 
his acts. <A great musical composition—such 
as, let us say, the third or fifth or seventh 
symphonies of Beethoven, or even a simple 
folk-song, may properly bo called a human 
creation ; so, also, is a chair, a house, or a foot- 
ball; so, also, is “ Paradise Lost.” Man may 
be looked upon as tho creating animal. 

Now what does the word mean? Wo who 
are students of science clearly recognise what 
the word does not mean. First, the chemist 
or the poet does not make something out of 
nothing, and, in the second place, whatever 
he makes, does, or creates, he remains the 
rervant of Nature, to use Bacon’s phrase, ax 
well as her commander. Tho greatest genius 
cannot modify by a hair’s breadth the smallest 
of Nature's laws. Not in this sense can Nature 
be commanded, and not in this sense can man 
create ; but if man choses to observe Nature's 
laws, to obey Nature, thon he can command hor 
in this limited sense. Thus tho synthotic 
chemist will fail, and continue to fail, if he 
tries to make compounds in defiance of Nature's 
laws. If it be a fact of Nature that carbon 
and orygen have an affinity for cach other, 
there will never be any making of a compound 
which depend for its existence upon an antag- 
onism between those two elements. If, on the 
other hand, the chemist will accept Nature’s 
laws, thon his intelligence is capable of directing 
them to his own purpose, and so producing new 
compounds which Nature herself would not have 
made, but which yet are made in obedience to her. 
This saying of Bacon's is one of the profoundest 
that ever emerged from a mighty mind. 

Natural Law and Creative Works. 
Or turn from chemistry to poetry, or music, or 
art in general. There ure artists in all ages and in 
all kinds of art who have never had a glimmering 
of the truth which Bacon stated. They think 
that they can create works of art without any 
reference to Nature. They think that they can 
use pigments, or sounds, or human emotions — 
which are all natural products—and create works 
of art thercfrom without any reference to the 
laws of chemistry, tho laws of vision, the laws of 
acoustics, or the laws of paychology. Contem- 
porary musicians might be named, and poets 
and painters, who think that because they did 
not defy Nature, Beethoven and Wordsworth 
and Velasquez were not great men and were not 
creators. But these mighty geniuses did not 
set up their puny wills against the laws of the 
Universe; they obeyed Nature; they obeyed 
her so well, and loved her so well—Wordsworth 
says that “ Nature never did betray the heart 
that loved her”—that she allowed them to 
command her, and so they produced works of 
creative art which can never die. 
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The same is strictly true of every kind of 
scientific invention and creation, as well as of 
the creations of synthetic chemistry. All the 
men, without one solitary exception, who have 
commanded Nature in the past-—the man who 
made the wheel; the man who built the Forth 
Bridge ; the creator of the steam engine ; Pasteur, 
the conqueror of disease; Galileo, the inventor 
of the telescope; or Perkin, the creator of the 
coal-tar dyes—have commanded Nature by 
obeying her. Only in virtue of their obedience 
are they creators. The countless men who have 
failed and are forgotten, or are remembered with 
scorn or pity, alike in science and in art, are those 
who either were unconscious of the existence of 
Nature’s laws, and so fought against them 
unknowingly, or those who thought that they 
themselves were superior to the mighty universe 
of which they formed a part, and so fell; for 
Nature never forgives and never forgets. She 
accepts no excuses, she makes no exceptions, 
and the mother of all wits has never yct been 
outwitted. 

Chemistry and the Imitation of 
Nature. And now let -us consider the 
second of the great directions in which syn- 
thetic chemistry is advancing. The writer 
is endeavouring to invent casily memorable 
names which will aid the reader, and perhaps 
the term imitative chemistry will form a useful 
contrast to creative chemistry. The very bast 
that the most brilliant chemist can accomplish 
is very little compared with the achievements 
of the living cell, which is the supreme chemist. 
An insignificant red cell, one of five millions 
that are to be found in two pins’ head: space 
of the blood of Professor Berthelot, or Professor 
Fischer, is capable of making the compound 
hemoglobin which those two great creators, 
aided by all the other chemists in the world, 
could not begin to imitate. Nevertheless, the 
chemical synthesis of vital products is making 
rapid advance, as we havo already seen, and 
it is by no means inconceivable that even 
hsmoglobin, which is believed to be the moat 
complex chemical substance known, and to 
contain more than a thousand atoms in its 
molecule, may some day be manufactured on 
the laboratory table at perhaps a thousand 
times the difficulty and expense with which it 
is manufactured in the blood of the boy who 
dusts that table in the morning. 

The Limit to Imitative Chemistry. 
As in the last case, any detailed discussion of 
the accomplishments of this imitative chemis- 
try is out of the question. Tnere is no need to 
refer the reader again to Professor Meldola’s 
recent book on this subject, but we must ask 
him to turn back to the quotations from that 
book which have already been made and to our 
comments thereon. 

For it has clearly to be recognised that 
imitative chemistry, as at present practised, 
is imitative only in so far as the results are 
concerned. The chemist can imitate alcohol 
and vajious carbohydrates, for instance, and 
his products are identical in many cases with 
those of the plant. But the chemist does not 
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imitate the processes of the plant. His methods 
are the same as those employed in “ creative 
chemistry.” Now the many successes of imi- 
tative chemistry must not blind us to the 
fact that, ane them, this imitative chemis- 
try is not the real thing. While Nature's 
results are obtained, her processes ara ignored. 
Hence we may be certain that there must be a 
limit to the artificial synthesis of the vital pro- 
ducts, and that limit may soon be reached. 

Chemistry Must go “Back to 
Nature.” Chemists may find that they can 
go a long way in the manufacture of a large 
number of compounds which are produced by 
living cells for their own purposes. But it is very 
likely that the imitation of the most essential 
compounds found in living matter, the com- 
pounds which most truly express and perhaps 
condition ita life, may be found impossible so 
long as chemists continue to employ processes 
which are not, of course, properly speaking, 
unnatural, since the laws of chemistry are always 
observed in making them, but which, at any 
rate, are not the processes which Nature chooses 
to employ. 

It seems probable, then, that if this branch of 
chemistry 18 to achieve its utmost it must go 
“back to Nature,” and attempt to imitate the 
processes which she prefers: though they are 
evidently not the only processes she permits, 
for the making of these compound:. It might 
then b2 found—in fact, nothing else could be 
found—that the adoption of the processes 
employed by the ae cell would enable imita- 
tive chemistry to do all that the living cell can 
do. But there is a great difficulty in our way. 

What we are asking chemists to do is to 
imitate the unknown. No chemist in his senses 
would dream of employing high temperatures 
and powerful reagents for the manufacture of 
these compounds if he were able to employ the 
cell’s own processes. He uses his own methods 
merely bacause he cannot.diuitate methods which 
he do2s not understand. Indced, the supreme 
problem of chemistry at this hour is the under- 
standing of the chemistry of life, and to this 
topic we must soon turn. 

Can We Make Radium? But before 
we pass to this difficult and fascinating sub- 
ject, allusion must be made to a new kind of 
synthetic chemistry, of which chemists are be- 
ginning, just in these last few months, to per- 
ceive the possibility. It neod hardly be said 
that it is radium which has opened out this 
new prospect. : 

The synthetic chemistry of which we have 
been speaking is the synthesis of compounds, 
and, of course, anything which is the product of 
synthesis, or putting togcther, must necessaril 
be acompound. Only a few years ago, to spes 
of the synthesis of the elements would have been 
considered a3 foolish and meaningless as to 
speak of their analysis. The essential idea of 
an elemont was of a something which could 
neither be ay together nor taken to pieces. 
But we now believe that the atom of any eloment 
is not really atomic or indivisible. It has been 
conclusively demonstrated that the atom of 


radium, for instance, is capable of analysing 
itself, so to speak, into smaller parts, among 
which in all probability five atoms of helium 
may be numbered. It seems to be impossible 
to control the analysis of the elements, but it 
is certainly possible to observe it. 

Now, this necessarily suggests to the mind 
the possibility of the converse process. If 
radium be capable of analysis, may it not be 
possible to build it up by synthesis of its parts ? 
This conceivable synthesis of the heavier ele- 
mente is the new possibility which, like its prede- 
cessors, is certainly worthy of the name synthetic 
chemistry—far more worthy, indeed. 

The Genesis of Radium. These words 
are fortunately written just late enough for 
reference to an extremely important controversy 
on this point, which was started by Lord 
Kelvin in a letter sent to the “Times” in 
August, 1906, and which called forth the most 
recent views of such distinguished workers in 
radio-activity as Sir Oliver Lodge, Mr. Frederick 
Soddy, and the Hon. R. J. Strutt. If the 
reader will recall what was said when we were 
discussing radium, or will turn back to those 
sections of our course, he will be able rightly to 
value the remarkable suggestion made by Lord 
Kelvin in his third and last letter. 

Lord Kelvin accepts the statement that the 
life of the radium atom is finite (perhaps 1,800 
years, which is Professor Rutherford’s latest 
estimate), and yet he is inclined to question the 
belief of workers at the subject, that radium is 
an evolutionary product of uranium. Mr. Strutt, 
therefore, asked him what theory he held as to 
the origin of the radium now existing on the 
carth. No one would suggest that this radium 
was made by “ special creation ’’ 1,800 years ago, 
and if it is not derived from the uranium, with 
which it is always associated, whence comes it ? 
In reply to this, Lord Kelvin suggests that the 
radium atom may be formed by @ “ concourse of 
atoms” crushed together, so to speak, in the 
course of the condensation of the nebula from 
which the solar system and all the parts thereof 
are formed. 

Did the World Begin as One Huge 
Atom ? In other words, Lord Kelvin sug- 
gests that the large compound atoms, as we know 
them, may have been formed by a process of 
natural synthesis, and this is a suggestion 
worthy of the most careful thought. The 
reader will remember that hitherto opinion has 
been inclined—accepting the view that large 
atoms, such as those of uranium and radium, 
break down into smaller ones—to suppose, as 
Professor J. J. Thomson puts it, that the known 
universe must have begun as one huge atom, 
of which all contemporary atoms are disinte- 
grated parts. 

The idea suggested by Lord Kelvin is that the 
process of atomic evolution has two phases, and 
may be, indeed, a balanced process. Without 
making any assertions as to Lord Kel vin’s beliefs 
(which, it must be confessed, are somewhat 
difficult to define), we may, at any rate, realise 
the possibility that atomic synthesis as well as 
atomic analysis—building up as well as breaking 
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down—is occurring at the present time. The idea 
that the whole history of the universe is a con- 
tinuous process of the analysis and disintegration 
of one mighty atom is beset with a thousand 
difficulties, and yet we have seen that it has 
been suggested as the apparent inference from the 
facts of the natura] analysis or breaking down of 
large atoms, which have lately been discovered. 
Breaking Down and Building Up 
Atoms. It seems to the present writer that 
these difficulties disappear if we conceive that 
both processes may be in operation according 
to the conditions. On the one hand, there may 
be breaking down of large atoms into moro 
numerous and smaller ones ; but, on the other 
hand, there may be a reciprocal process of natural 
a or “concourse of atoms,” to use Lord 
elvin’s phrase, whereby numerous small atoms 
are merged into one another so as to form larger 
and more complex ones, such as the atom of 
radium. Indeed, to the present writer it scoms 
that there is no warrant for the assumption that 
the atom of radium must cither be formed by 
analysis of the larger atom of uranium, or else 
must have been formed by synthesis of, probably, 
one atom of lead and five atoms of helium. 
Lord Kelvin stated: ‘‘ Radium (atomic weight, 
225) may be a compound of five atoms of helium 
(atomic weight, 4 x 5) and one atom of lead 
(atomic weight, 205).”. Why should we be asked 
to take one of these views as true and reject the 
other as false ? There is nothing contrary to what 
is known in the beliet that both views may be 
true. In the caso of such a compound as carbonic 
acid we know perfectly well that it may be formed, 
on the one hand, by the decomposition or analysis 
of a carbonate, or, on the other hand, by synthesis 
of carbon and oxygen directly. Similarly, there 
is no reason why, under appropriate conditions, 
that complex compound which we call the atom 
of radium should not be formed by analysis of the 
still more complex compound called the atom 
of uranium ; or why, under other conditions, it 
should not be formed by concourse or combina- 
tion of atoms of lead and helium —which may, 
perhaps, be a synthesis as natural as the synthesis 
of oxygen and carbon to form carbonic acid. 
An Artificial Concourse of Atoms. 
Though Lord Kelvin would seem to be the first 
to have suggested the natural synthesis of the 
elements, a yoar or two has now passed since 
Sir William Ramsay recognised the possibility of 
the artificial synthesia of heavier atoms by means 
of lighter ones. We already know that the 
transmutation of the elements under certain 
conditions is a fact, but the only transmutations 
we know are those of larger atoms into smaller 
ones, incredible quantities of energy being 
meanwhile evolved. We know no instance as yet 
of the new synthetic chemistry which would 
consist of the making of large atoms from small 
ones. There is a fundamental distinction between 
the two processes. In the former, energy is 
evolved; in the latter, which as yet we can 
only imagine, energy—and in enormous quanti- 
ties—would have to be supplied. 
Now, it looks as if the supplying of energy for 
the purpose of this “concourse of atoms,” or 


4131 


CHEMIOTRY 


atomic synthesis, whether natural, as Lord 
Kelvin supposes, or artificial, as Sir William 
Ramsay expects to achieve, must involve an 
infraction of that law of the dissipation of energy 
and ite loss of availability, which Lord Kelvin 
himself first discovered, and which has been dis- 
cussed in the course on Physics. 

We cannot here expect, however, to anticipate 
all the discoveries and solutions of the future, 
and so we must now leave imperfect—like all 
other human knowledge—the study of synthetic 
chemistry in its various forms. 

The Chem'stry of Living Things. 
Two great subjects remain for brief treatment 
ere we conclude this course. Of these, the first 
is the chemistry of life and living processes. 
Incidental reference has often been made to vital 
chemistry in preceding pages, but here it will be 
well to state the main facts in a systematic way, 
and. first of all, as to what constitutes the 
peculiar character of vital chemistry. 

The first proposition which must here be 
repeated is that all the known laws of general 
chemistry are strictly and rigidly observed by 
living matter. No form of living matter that 
we know is capable of annihilating or creating 
ap atom out of nothing, or of destroying or 
creating energy. The law of the conservation 
of matter, with the reservation involved by 
the study of radio-activity—is obverved in the 
chemival processes of living creature, and so 
also is the law of the conservation of energy. 
Secondly, no element is found in living matter 
that is not found elsewhere. Thirdly, the 
clements found in living matter are in every 
respect identical with other specimens of the 
same clements occurring elsewhere. Fourthly, 
no proccases are known to occur in living 
matter that cannot be imitated more or Jess 
successfully outside it. This is true even of 
the remarkable process called fermentation, which 
is very cxtensively employed by living matter 
for its own purposes. 

Having insisted on the ultimate identity of 
the laws that govern all chemistry, including the 
chemistry of life, let us now state the general facts 
which the world of life displays to the chemist. 

The Wonderful Cycle of Life. Fora 
very Jong time the vegetable and animal king- 
doms have been regarded as forming the two 
divergent limbs of the great V of life—both 
kingdoms having their origin, it was supposed, 
in some primitive organisms that were neither 
animal nor vegetable. This conception, howevor, 
which involves much confusion from the chemical 
point of view, must be modified not only for 
that reason but for other positive and final 
reasons which it is not our business to discuss 
in this course. On the contrary, we may be 
assured that the first living things were essen- 
tially vegetable and that the animal world is an 
ofishoot from the vegetable world. If we 
clearly retain this idea, we shall be ready to 
understand the next paragraph. 

In considering the mgr of living things 
we must plainly begin with the plant, which is 
not only tho ancestor of the animal, but is also 
the necessary source of its food ; for, even if we 
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are not vegetarians, what is the ox but trans- 
formed grass ? 

Let us consider, then, the typical plant. 
It displays in its vita] functions that transforma- 
tion of energy with which the student of physics 
is always familiar; but we have already stated 
that the plant, though a living thing, offers no 
exception to the law of the conservation of 
energy. Whence, then, is the energy which the 
plant transforms ? 

Transformed Sunlight. The sun is the 
source of the energies displayed by all living 
things, whether animal or vegetable. The 
motion of the eyelid which intermittently 
cleanses your eye-ball with a tear as you read is 
transformed sunlight. Now, Jet us see how 
this works out. 

The energy which constitutes sunlight— 
including many rays which are invisible to our 
eyes—is focussed, so to speak, by the chlorophyll 
of the plant leaf. In virtue of this influx of 
energy, the living protoplasm of the cells of 
the leaf is enabled to effect that extraordinary 
dissociation of carbonic acid which we have 
already discussed. On the other hand, tho 
plant elsewhere obtains water and inorganic 
Salts, which include among their constituent 
elements nitrogen, sulphur, and phosphorus. 
The upshot of the plant’s activities is the forma- 
tion from these food materialsk—on which we 
should so soon star ve—of the countless complex 
organic compounds, a few of which we have 
already discussed. In them the kinetic energy 
of the solar radiation is still conserved in the 
form of what we call potential chemical energy. 
The plant does not create energy, but it is an 
incomparable collector of it. 

The Energy of the Plant. On the other 
hand, the plant, like every living thing, is 
also a dissipator of energy. Living proto- 
plasm, whether found in the plant or in 
the animal, must breathe—must take in oxy- 

en and give out carbonic acid and water. 
But the breathing of a plant, though necessary 
to its life, is a very much less rapid process 
than the breathing of an animal. The plant 
has not much occasion for the using up of energy. 
One great distinction between the plant and the 
animal is that the food of the former comes to 
it while the latter has to find its food. Thus, 
the plant is not under the necessity of using up 
much energy for purposes of locomotion, whereas 
the animal, which has muscles and uses them, 
must breathe extensively in order to obtain 
the oxygen which burns up its food within its 
body with the transformation of potential 
energy into kinetic energy. 

Therefore, though we must never forget that a 
plant breathes and must breathe, we look upon 
the plant as, on the whole, a synthetic chemist 
—a converter or transformer of kinetic into 
potentia] energy. 

The Ancestor of Us All. The sun 
shines upon animals as well as plants, but 
animals have no apparatus whereby they can 
transform the kinetic energy of sunlight into, 
for instance, the kinetic energy of muscular 
motion. The carbonic acid of the atmosphere 


and the nitrates and phosphates in the soil 
furnish no diet for the animal. The animal 
world ts absolutely dependent for tts existence 
upon the vegetable world, not only because the 
vegetable world is its ancestor but because the 
vegetable world is its daily bread. Now, just 
as the plant is typically a synthetic chemist 
so the animal is typically an analytic chemist, 
breaking down that which the plant built up. 
The potential chemical energy thus obtained, 
which, be it remembered, is transformed sun- 
light, is converted by the animal into kinetic 
ene which, in some cases (as, for instance, 
the light of the glow-worm) may be absolutely 
identical with part of the light which it originally 
was. But muscular motion is the most common 
torm which this energy assumes. Lastly, the 
animal dies and returns to the dust. There its 
body is resolved by microbes or bacteria—tho 
indispensable part played by which in tho 
existence of man himself upon the earth must 
be discussed in the course on Bacteriology— 
into simple sulphates, phosphates, and nitrates 
which we call manure, in which form they are 
again taken up by the plant. Sosaid Tennyson : 
“And from his ashes may be made 
The violet of his native land.” 

Perhaps the writer may be allowed to quote his 
own previous expression of the significance of 
this: ‘““As wo dwell, we living things, in this 
our ‘Isle of terror,’ each of us is inalienabl 
bound to all the rest. So you may be selfis 
for a century, but at the last others will 
claim your dust. For altruism is the law of 
Nature.” 

The Chemistry of Food: A Life for 
a Life. Many a large volume might be written 
upon the chemistry of dict; here we are merely 
concerned with the principles, and must en- 
deavour to reduce the multifarious diet of the 
many kinds of animals that inhabit earth and 
sky and sea to their simplest terms. 

Every animal (as, for instance, a man or a 
sea-anemone) must have a supply of wator 
and a supply of certain inorganic salts. In so 
far as these two items are concerned the needs 
of the whole living world are identical, for 
plants also must have water and salts. But 
if the plant has water, salts, and the ordinary 
gases of the air, it has enough or a feast. On 
the other hand, the animal, and this is true of 
all animals, must have some kind of proteid 
and, in the last resort, this proteid is invariably 
a vegetable product. The plant made it out 
of its raw materials—having easily solved the 
problem at which synthetic chemistry is still 
heavily labouring—and the animal] uses it. For 
our present point of view it matters not a straw 
whether the animal be a cannibal who obtains 
his albumin by eating the muscles of a fellow 
man, or be a cow munching grasses. In the 
last resort, the vegetable world is the source of 
all proteids for all animals, and we are not here 
concerned with the appalling more! questions 
which arise in relation to Nature's apparent law, 
a life for a life. 

Animal life can be sustained on water, salts 
and proteids. If the diet contain these three 
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constituents alone the animal body will yet be 
found to contain fats, and carbohydrates such as 
sugar. Now, we know for certain that the 
animal is incapable of synthesising fats or 
Sugars from their clements or from simpler 
compounds, and we have clear evidence that 
when proteids, salts, and water constitute the 
whole diet, the proteids supply the source of 
the carbohydrates and fats Which the animal 
body displays and utilises. This one fact will 
ive us some little idea of the almost incalcu- 
able complexity of the proteids, and the appall- 
ing nature of the task which tho synthetic 
chemist essays when he attempts to synthesiso 
an artificial proteid. 

The Three Essentials to Life. But in 
actual practice it is found that the animal, 
including man, takes carbohydrates and fats 
as such in its diet, and so we have five distinct 
items constituting the food of a man: proteids, 
fats, carbohydrates, salts, and water. In certain 
cases the second may be dispensed with; in 
certain cases the third; life may continue if 
both second and third be omitted ; but if cither 
the first, fourth or fifth be withheld death 
necessarily follows. 

The vegetable body requires food, partly for the 
accumulation of tissue and partly as a source of 
energy ; but we have seen that the vegetable body 
spends scarcely any energy. The animal body 
also requires food for two purposes, and two alone 
—the making of tissue and the supply of energy. 
The water and the salts are necessary for life for 
a number of reasons, though they cannot 
clearly and definitely be included under either 
of these purposes. The animal’s expenditure 
of energy is extremely high, and by far the 
greater purt of its food is required for this pur- 
pose. The fats and carbohydrates are the 
principal sources of the potential chemical 
energy, most of which the animal will convert 
into motion. These tailing, the proteids will 
be used, but when a suitable dict is employed 
the proteids are very little used for this purpose, 
their main concern being to replace waste of 
tissue. Proteids, indeed, are the chief con- 
stituent of all protoplasm. Vegetable protoplasm 
makes them and animal protoplasm snatches 
them, ready made, from the vegetable. 

Proteins—the Principal Food Subs 
stances. We are using the term most 
commonly employed in this country for those 
extraordinarily complex compounds which, in 
certain varictics, are the chief constituents of 
all living things. At an important scientific 
mecting in Canada, in the autumn of 1906, 
some steps were taken, however, to obtain a 
greater uniformity in the nomenclature. At 
present, the words proteid, albumin, and albu- 
minoid, are frequently used interchangeably, 
but the splendid work of Emil Fischer has 
necessitated a more precise nomenclature. 
It is therefore desired by those in authority 
that the term protein should be employed 
as the general name for all those substances. 
It is at present so used in America and to 
some extent in Germany. These proteins, 
then, as they will be commonly called before 
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long, may be divided, largely in consequence of 
Fischer’s work, into about seven groupe, or 
sub-classes. It is possible to make artificially 
certain substances which belong, or all but 
belong, to the simplest of these sub-classgs— 
the group known as the protamines. From 
these, which are relatively simple, we pass 
in paige complexity through a special 
albumin, such as egg albumin, through such a 
substance as gelatin, which is rather more 
complex still, on to the gluco-proteins, such as 
mucin, the characteristic constituent of the stuff 
called mucus, which is produced by mucous 
membranes, on to the nucleo-proteins, and at 
last to the coloured or chromo-proteins, the most 
celebrated and complicated of which is hzemo- 
globin, the red colouring matter of the blood. 

The Most Familiar Proteins. Of 
course, it will be some time yet before the 
term proteid is discarded. It is the generally 
recognised word in this country, and we have 
employed it everywhere except in the last 
paragraph. But we desire that the reader should 
not be confounded when he meets the word 
protein, as he certainly will do more frequently 
every succeeding year. 

We may quote from Sir William Ramsay a 
very brief description of the most familiar sub- 
class of the proteins. It contains the main facts 
in very small space. 

‘“Albumins are the chief constituents of 
animal organisms. They are soluble in water, 
but are precipitated by warming their solution, or 
by the addition of strong acids—copper sulphate, 
mercuric chloride, basic lead acetate, etc., and 
also by tannic acid or alcohol. They turn 
yellow when boiled with nitric acid ; give a red 
colour with Millon’s reagent (a solution of 
mercuric nitrate containing N,O,); and violet 
with caustic soda and a trace of copper sulphate. 
They cenbine with both acids and alkalies. 
They contain sulphur. When hydrolysed by 
boiling with baryta-water, the chief eaducts are 
amido-a ids, such as amidoacetic acid (glycocoll), 
amidocaproic acid (leucin), etc. They are con- 
verted by gastric juice (pepsin) into a soluble 
grey mass, named peptones, which are not 
coagulated on boiling.” 

Chemical Processes in Living Matter. 
Utilising the Greek word Bios, life, chemists now 
frequently speak of bio-chemistry in order to 
indicate the study of the chemical processes 
that occur in living matter. This term has 
the aivantage that it is almost identical in all 
languages—an advantage common to words of 
Greek origin and largely explanatory of their 
wide use—and it has the further advantage that 
it avoids the term vital ; which is apt to suggest the 
theory of Vitalism, unless that theory has been ex- 
plicitly discussed and abandoned, as in our case. 

The study of the proteins is the cardinal 
necessity for the bio-chemist, and in our brief 
discussion of the subject we shall utilise the 
volume just published by Mr. Jolin Murray, 
under the title ‘“ Chemistry of the Albumins,” 
by Dr. 8. B. Schryver. This volume consista of 
lectures delivered before the University of 
London, and is one of the quite invaluable series 
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of such volumes which have been issued under 
the auspices of that great institution since it 
became a teaching reality and not a mere 
examining body. It is necessary to add that 
Dr. Schryver uses the older terminology, and 
that what he calls albumins, for convenience, 
are now to be known as proteins. 

We cannot here discuss the modern theories as 
to the constitution of the various albumins, the 
possibility of the crystallisation of some of them, 
as, for instance, hemoglobin, or the extremely 
important question of the various degradation 
products of the albumins, recently studied with 
splendid results by Fischer and his pupils. 
Briefly, we merely note that among these 
degradation products are included fats and carbo- 
hydrates. These are demonstrated chemical 
observations, and are in strict correspondence 
with what was said above when we were dis- 
cussing the dietary groups. Also, we can only 
refer the reader to these extremely valuable 
Jectures for a discussion of the chemistry of 
haemoglobin, with the importance of which the 
reader is already acquainted. 

Three Fundamental Facts. Here, 
however, we must attend carefully to the theories 
of bio-chemical action, which the author discusses 
in his concluding lectures. and which are of 
transcendent interest on every ground. And 
first, as to definite facts. Tnere are three which 
are obvious and fundamental : 

1. That the organism is in a state of constant 
change. ‘To live is to change,” says Cardinal 
Newman, somewhere ; and this is true not onl 
of the psychical life, but also of the physiol. 
Ceaseless change in the molecules of living 
protein is a necessary condition of life wherever 
it is manifested. 

2. The molecule of the albumin, which performs 
the norma] chemical function necessary for the 
maintenance of life, compared with ordinary 
molecules, ts of enormous size and very unstable ; 
it loses many of its properties on the application 
of a very moderate amount of heat. 

3. The chemical reactions necessary for the 
maintenance of life take place within very narrow 
limits of temperature. Furthermore, these tem- 
peratures are very much lower than those which 
are Otherwise found necessary. For instance, 
a commonplace in bio-chemistry is the oxidation 
of fats and carbohydrates by means of the 
oxygen of the air at the temperature of the body. 
‘“‘ Hence,” says Dr. Schryver, “‘ we are dealing 
with abnormally large molecules which are 
constantly bringing about chemical change at a 
temperature of about 37° C., which changes occur 
tn vitro (that is, in a test-tube) only at higher 
temperatures, and with the use of energetic 
chemical reagents which do not exist in the 
body. We are forced, therefore, to seek for some 
special explanation of bio-chemical reaction.” 

Life ‘‘A Seriea of Fermentations.” 
Now, it appears that the explanation of the 
possibility of these reactions under these con- 
ditions must ultimately be expressed in terms of 
what we know as fermen’ation—in short, putting 
the matter unphilosophically, scadety but 
memorably, “life is a sertes of fermentations.” 


The technical term employed is catalysis or 
catalytic action. This term is rather wider 
than the term fermentation, but all fermentation 
comes under its heading. 

A ferment is a substance which induces 
chemical change by its presence, without itself 
undergoing any Sage Ep The most familiar 
instance is the pepsin which Sir William Ramsay 
mentions in the saan oa above. More powerful 
than the pepsin of the stomach is the trypsin 
which is produced by the pancreas or sweet- 
bread. ese substances, without themselves 
undergoing any change, are capable of breaking 
down the ordinary albumins of the food in such 
a fashion that they are afterwards capable of 
absorption into the blood. 

Ferment Action. A ferment, or enzyme, 
as it is often called, is a product of the living cell, 
and is highly complex in composition, but it is 
possible to find outside the living body parallels 
to the action of a ferment. For instance, we know 
that the peroxide of hydrogen, in the presence of 
platinum black, is decomposed with the evolution 
of free oxygen, while the platinum remains un- 
changed at the end of the reaction. Various 
theories of ferment action have been advanced, 
but it suffices for us to note here that the 
reactions due to ferments in the body are rarely, 
if ever, much more complicated than this catalytic 
decomposition of peroxide of hydrogen ; indeed, 
we may oy that oxidation, reduction, hydrolysis, 
and ae ation will include all, or practically 
all, the forms of ferment action. Furthermore, 
the chemical changes induced by ferments are 
usually such as would be apt to occur in any case 
though not at such a speed, This will explain 
the important definition of Professor Ostwald, 
who is one of the greatest living students of the 
subject: “a catalysor is a body which, without 
appearing as an end-product in a chemical 
reaction, alters its velocity.” 

Theories of Bios-chemical Action. The 
oldest theory of bio-chemical action contains 
as its essential part the proposition that the 
living molecule (as, for instance, in the con- 
tractile cell of a muscle) is capable of taking up 
oxygen into itself, which is thereby held at the 
disposal of the organism for the purpose of oxi- 
dation. The reader is familiar with this theory. 

We have referred to the next theory, that of 
Pfliiger, which assumes the truth of the theory 
of intra-molecular oxygen, and the special 
character of which is its insistence upon the 
potential energy in the cyanogen group assumed 
to occur in the living albuminous molecule. 
Many subsequent observers have restated this 
theory in various forms. 

Later, we have the remarkable theory of 
Ehrlich, who conceives of the whole protein 
molecule as having a ferment-like action, part of 
it being specialised for the purpose of anchoring 
oxygen to the molecule, and another part being 
specialised for the purpose of anchcring various 
oxidisable substances, with obvious consequences. 
To Ehrlich we owe the idea of specialisation of 
function within the molecule. is is a very 
great advance. The theory is often known as 
the side-chain theory. 
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Then, only three years ago, Professor Verworn 
combined the side-chain theory of Ehrlich with 
the theory which assumes the existence of sub- 
stances which can act as oxygen carriers, and 
with the theory of intra-molecular oxygen. 
This, which is known as the biogen theory, will 
undoubtedly require much modification, but at 
the present time it may be regarded as the 
best working hypothesis available. 

The Chemistry of the Stars. Space 
does not here avail of the discussion of what 
is usually known as physiological chemistry, which 
discusses the particular chemistry of the various 
organs and tissues of the body ; we have preferred 
to discuss the more fundamental subject of bio- 
chemistry in general. 

And now we must turn from the chemical dis- 
cussion of life upon our little earth to a avndy of 
the chemistry of the illimitable heavens. ‘This 
is a subject for volumes, and here we must 
merely state the main outstanding facts. Else- 
where in this course, and in the course on Physics, 
the reader has made acquaintance with the 
method by which many facts of the chemistry of 
Kun, stars, comets, and nebulae are as positively 
known as if portions of those heavenly bodies 
had been sent by celestial post to the chemist’s 
laboratory. We know that there is no moro 
certain evidence of the identivy of the atoms 
of any substance than the characters of the 
light which those atoms give out when the sub- 
stance becomes luminous. ‘Thus, by means 
of the spectroscope and spectrum analysis, 
we have acquired knowledge which some of the 
wisest thinkers of not so long ago declared to 
be forever beyond the reach ot the human mind. 

Is Evolution Universal? The first 
amazing, yet utterly natural, fact is that the 
elements of which our own bodies and our 
surroundings are composed also constitute the 
heavenly bodies. In the light of the most 
recent knowledge it is, perhaps, not possible to 
say without some qualification that we know 
of no elements in the heavens that are not found 
on the earth. We may undoubtedly believe 
that there is no kind of celestial stuff which is 
utterly distinct from terrestrial stuff ; but it is 
quite possible that there may be represented in 
the heavens, stages or forms of atomic evolution 
with which we do not happen to be familiar 
in this our little moment of time, and upon 
this our “lukewarm bullet.” as Stevenson 
called it. In Sir Norman Lockyer’s opinion 
there is, for instance, an element charactcristic 
of the corona of the sun, and this element is 
known as corontum. But though this were 
so—and a thousand instances beside it—the 
fact would remain that there is a real none 
of composition alike in heavens and earth. We 
may also remind ourselves of the celebrated 
case of helium, discovered about a quarter of 
a century ago in the sun, and named accordingly, 
but now known to occur upon the earth also. 

The study of inorganic evolution in its widest 
sense includes the study of the evolution of atoms 
and the evolution of planets, suns, and stars. 
But we must not confine ourselves merely to 
atomic evolution as it has lately been recognised 
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in the laboratories of earth. It is surely ex- 
tremely probable that atomic evolution also 
Occurs in the heavens. Our minds having been 
prepared by recent knowledge, we should think 
it very strange indeed if no case of atomic 
dissociation could be recognised in the sun. 

Evolution in the Heavens. Nov, Sir 
Norman Lockyer has devoted a great part 
of his life to the study of this subject. He has 
shown, what is now a commonplace, that the 
spectrum of an clement alters with alterations of 
temperature ; and no modern student of radium 
and its revelations can doubt that these changes 
are due to atomic changes within the luminous 
substance that is examined. and. in the upshot, 
that these atomic changes are duc to atomic 
dissociation. Thus, in the case of iron, which 
is known to occur in the sun. there is reason to 
beheve that such atomic dissociation occurs. 
Says Professor Duncan: “In one part of the 
sun, called the ‘reversing layer,’ the spectrum 
of iron is represented by nearly a thousand lines. 
In another part of the sun, called the ‘ chro- 
mosphere,’ which is apparently at a much higher 
temperature, the spectrum of iron is reduced to 
two lines only. It is difficult to see what other 
explanation we can assign to this remarkable 
fact than that at the higher temperature of the 
chromosphere the atom of iron 1» decompored 
or dissociated into some simpler constituent 
which appears at that point. This explana- 
tion is rendered additionally valid by the 
further fact that in sun-spots one set of iron 
Jines is found, and in the chromosphere, quite 
another.” These and other reasons lead us to 
suppose that in the sun, as Lockyer savas, “ we 
are not dealing with iron itself, but with primi- 
tive forms of matter contained in iron which 
are capable of withstanding the high tempera- 
ture of the sun after the iron, observed as such, 
has broken up. Similar evidence can be ad- 
duced to show that other elements, such as 
magnesium and calcium, are also dissociated 
in parts of the sun. 

A Constituent of the Hottest Stars. 
The stars also yield evidence of the same thing, 
not only in the case of these metals, but also 
in the case of many others, such as copper, chro- 
mium, and strontium The term proto has been 
applied (until further knowledge) to the names 
of the dissociated constituents of the element 
as they are found in the sun and stars. Says 
Professor Duncan: “A very important proto- 
element is proto-hydrogen, discovers by 
Professor Pickering of Harvard University,” in 
a certain star. “‘ The spectral lines representing 
this substance Pickering at first supposed to 
signify a new element ; but he was able to show 
later that they belonged to a new series of hy- 
drogen lines constituting a form of hydrogen 
unknown on earth.” This proto-hydrogen has 
since been discovered in other stars, and it 
ia extremely noteworthy that the stars in which 
it occurs are the hottest stars known. 


The Temperature of the Stara. Now, 
this last fact leads us to a brief discussion of 
the great theory of Lockyer, that atomic 
evolution in the heavens is an orderly and con- 
tinuous process, dependent upon orderly and 
continuous changes of tempcrature in the stars. 
The study of the light given out by various 
stars seems to show quite clearly that they vary 
in temperature, and Sir Norman Lockyer has 
divided the stars into three groups: gaseous 
stars, metallic stars, and carbon atars, the first 
group being of the highest temperature and the 
last group of the lowest. We may say, in a 
word, that the evidence of comparative tem- 
perature depends, as in the case of a heated 
poker, upon the comparative lengths of the 
spectra given out by the stars. 

Examining the stars in this fashion, Sir 
Norman Lockyor finds that the chemical com- 
poten of a star varies with its temperature. 

he hottest gascous stars scem to consist of 
comparatively few gaseous elements; then it 
would appear tiat as the star cools there occurs 
some such ‘ concourse of atoms” as Lord Kelvin 
has lately been writing of. 

Fascinating though it be, chemistry is not the 
only subject necded to makc an cducated man, 
and we must bring our present study of it to a 
close We have merely oponed the door to ondless 
wonders, and have peeped in for but a moment. 

The Future of Chemistry. In arranging 
the proportions of our vast subject we have 
deliberately recognised the all but overwhelm- 
ing importance of recent work in chemistry 
We have not af all followed the orthodox Jines 
of an elementary chemical textbook; but the 
truth is that those orthodox lines will very soon 
cease to be orthodox, and that a vast propor- 
tion of the reactions and technical processes, 
descriptions of salts, and so forth, which now 
occupy so much of the chemical textbooks, 
will be regarded as no more worthy of a 
place in a discussion on chemistry in general 
than, let us say, the minute details which 
distinguish the muscular anatomy of the tail 
of one kind of fish from that of another 
kind of fish will be deemed worthy of a place 
in a general textbook on biology. Though 
ic aie depend upon details, and though one 
ittle fact is quite sufficient to overthrow the 
greatest of generalisations, yot we must recogniso 
that for the purposes of education tho details 
are but means to an end, and that that end 1s 
tho knowledge of principles. 

The writer takes leave of his readers with the 
utmost regret and with the earnest hope that 


here and there he may have imparted to them 


some of the interest which his fresh review of 
the subject as a whole has oxcited in him. 
He can scarcely think that anyone has enjoyed 
reading this course as much as he has enjoyed 
writing it, but at least he hopes that the pleasure 
has not been all on one side. And we may 
hope, also, to meet again ! 


° Chemistry concluded ; followed by 
APPLIED CHEMISTRY 


For the Best Book: on Chemistry the student shold see the discussion at the end of Prysics. 
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By W. S. MURPHY 


Top Boots. When it ceased to be the 
ambition of every respectable young man to 
possess a pair of fine top boots the bootmaking 
trade declined in its most artistic and profitable 
branch. A top boot is a big job, and cvlls for 
patient care, deft hands, and » good cye for 
effect. We do not refer to the coarse things 
that arc made for ostlers and stable-boys, but 
to ths boots of gentlemen. This trade is still the 
mainstay of many hand-working shocmakers 
Riding, cavalry, and livery boota have all special 
models, and the civilian top boot differs from 
them all. What distinguishes tops from every 
other form of boot is the long leg and the plain 
front. Horsemen’s boots of the lower class are 
simply plain-fronted boots with leather stove- 
pipes stuck on to them. But the best class tops 
are one piece of fine leather from head to toc, 
with side-scams joining backs and fronts, lined 
with fine chamois or morocco, and topped with 
a broad band of soft leather. 


Making the Top Boot Upper. When 
measuring for top boots, the length and thick- 
ness of the Jeg must be taken as well as the 
proportion of the ankle. Evory fraction of an 
inch in the limb has its graduation to be accounted 
for, if the boot is to fit properly. Cutting tops 
is anxious work, and can be safely undertaken 
only by skilled workmen. The best way of 
acquiring the requisite skill is study of good 
models and instructions from a practical man 
while he is at the work. Having got all your 
stuff gathered for the tops, the next business is 
to sew and shape it. The long side-senma, the 
stiffening of the backs, the shaping of the tionts, 
the fine adjustment of the linings, take much 
prtience and skill. Then every seam must be 
flattened out to almost invisibility. But when 
all is done, the result is worth the prins; you 
have a splendid boot, fit to be worn by a king 
—that is, always provided that the soles and 
heels are worthy of the tops. 

No matter how well it has been sewn, the 
boot top is rather an unshapely thing, but we 
have the remedy. Made of hard wood, and 
fashioned to the shape of the human foot, the 
Jast is the mould of the boot. The best kind of 
last [88] is in two parts, the lower half repre- 
senting the body of the foot from the middle of 
the ankle, the upper part giving the front of the 
Jeg and the instep. Over this block the top is 
stretched and shaped. 

Stock of Laate. Lasts are cheap, and it 
prys to keep a large stock of them. In addition 
to a pair of lasts for every size, it is good policy 
to keep special lasts for particular customers. 
A first-class shoemaker generally has a large 
number of lasts rented or owned by customers, 


for whom they have been specially prepared 
and kept. 

Shaping the Last. With the measure 
and notes in hand, we go to the last rack and take 
down the lasts required. If no size corresponds 
exactly with the measures, we take the nearest 
in size, and begin to work. For lengthoning, 
a a neatly pared piece of leather on the heel, 
ike a pad; lay a toe-cap on the toc. Fora 
higher instep, cut a neat Jong patch and put it 
on the instep, and so on for all other peculiarities. 
The pieces must be finely graded or skived, so 
as to fall in with the general outline of the last, 
and pac firmly on. The ideal last is flat on 
the heel and under the toe-joints, and finely 
tapered on the top of the toes. 

Cutting Out. If a shape be not already 
in existence for this last, we have to cut one 
exartly the size and shape of the sole a5 a guide 
fo: finding the size of the insole. With this and 
“ir measures we go into the leather store. 
Insoles should be of good body, but thinner than 
soles, the leather from the shoulder of an average 
hide suiting well. Cut out to shape from the 
hide, reserving scraps for packing. From the 
same hide cut the stiffeners. 

Sole Cutting. Next lay the hide of so'v- 
leather on the cutting table and cut off right 
and left so'ts rough to measure. This leather 
should b: stout, firm, yet flexible, of a 
b oanish buff co'our shading to dull white. 
Last are the welts Sone bootmakers buy these 
ready-made, of an oil tannage; but they may 
be cut fron a well-tanned English shoulder 
that has been shaved evenly. Cut strips over 
} in. brow, the cross-way of the hide. Gather 
the stuff tozether, and fling it all into a tub of 
water, sousing well over. hen all have been 
thoroughly soaked, take out everything but the 
welts, and lay out in an op’n place to dry free 
from water. 

Blocking the Insole. While still damp, 
the insoles are scraped and lightly beaten 
smooth with the brow! hammer, stretched on 
the lasts, tacked down, and left to dry in shap>. 
As soon as they are firm, the insoles are cut 
neatly to the edge of the last, the sole lined 
arross into three pirts—the heel, the waist, and 
the fore part—and skived away finely at the 
waist. Keep the curve well within the sides of 
last, cutting deeper to the inside of the foot. 
Tn? insole has to be sewn to the uppor, and the 
op2ration is a delicate one. To make it as casy 
a4 possible, we holc the insole by iteclf. Round 
the edge of the insole make a bevel, or feather, 
about 4 in. broad, cut sharply half through the 
leather at the inside, and tapering to the odge, 
forming a@ corner all round the sides of the insole. 
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Take the awl and strike holes from the face of 
the insole to the surface created by the feathering. 
It is plain that if a thread is passed throug 
those holes, a strong catch will be formed. 
Lasting. Lace the top neatly with a strong 
leather lace up to the bend of the foot. Sit down 
on the bench, put the last between your knees, 
heel to the left, place the top evenly on the 
last, and pull it strongly down, drawing more 
to the toe than the heel. This done, turn the 
last sole upwards, and take the heel between 
your knees ; pull the toe of the upper over the 
toe of the last and tack it into place. Watch 
carefully that the top is centred on the last, and 
then begin tacking all round. For pulling down 
the top we are provided with a pair of fine strong 
pincers. Begin round the toe and work evenly 
slong both sides to the heel. Before fixing up 


the sides, however, we put the side linings in 
between the linings of the tops. 


When the top 


88. KNIFING A LAST 


is being folded down on the last, wrinkles and 
pipings naturally form; these must be beaten 
out and tightened over, or unsightly work wiil 
be the result. Sometimes the last is hard to 
drive into the top, and we have many recipes 
for overcoming the difficulty easily; but we 
know of none like intelligent ingenuity and 
patience. The top has to be made smooth over 
the last, and the job can be done. 

Welting. From lying in the tub all this 
time, the welts are soaked with water; strike 
the surplus liquid out by rubbing down with 
a hammer handle, or anything handy; then 
skive the inner edges on the grain side. Take 
the one you are going to work with, and fit it 
round the sole of the last, marking where the 
creases caused by the turnings are highest. Cut 
the creases out, taking care not to lessen the 
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strength of the welt. A welt properly shaped lies 
as flatand keen asa knife blade. The welt should 
come up the sole to about the end of the waist, 
and no further. If too long, cut off the ends. 

Sewing and Stitching. Our work up 
to this point has been preliminary ; the serious 
and important business begins now. Have 
ready several threads, seven-ply, well waxed, 
and with strong bristles on the ends; put on the 
sewing-mittens—skeleton gloves that leave the 
fingers and thumb bare, and protect the palm and 
back of the hand; set the boot between the 
knees, heel outward, and bring the belt over the 
waist of the boot, tightening it with your left 
foot on the buckle. Start sewing on the side 
nearest the left hand; drive the long point of 
the awl through the hole in the insole, through 
the welt, and bring it out through the top or 
upper, and up through the welt. Send one end 
of the thread the same path, and draw till half 
is on one side and half on the other. Pierce 
with the awl again ; put the bristle in the right 
hand through from above, and the bristle in the 
left hand through from below; grip the bristle 
coming up with the right hand, and tho other 
going down with the left; draw firmly yet 
gently, winding the cords round your hands to 
get purchase, and then tug once, twice, thrice, 
with a swimming action, to drag the threads 
through [84], and give a last firm tug to tighten 
the stitch. For this operation strength and in- 
telligence are required in equal proportions. 
Mere force will break the insole or tear open 
the path of the thread. After careful practice, 
the art comes naturally, and the skilled boot- 
maker mechanically forms the stitches firmly and 
accurately. In this way the whole welt is sewn, 
and the insole, top and welt, all firmly joined 
together. 

Sewing Round the Heel. On the heel 
we have no welt, and the top must be joined 
in some way to the insole. Nothing could 
be simpler. Take a new thread, send tho awl 
curving as before through insole and top, sew 
strongly round, and secure by a knot at the end. 

Trimming. As stitch after stitch was made, 
the tacks holding the top to tho last were taken 
out; but there are yet other trimmings to be 
done. Rough edges come up from the upper, and 
the welt protrudes over the waist. For hunting 
and other classes of heavy boots, the welts are 
left on; but in ordinary boots the welts are re- 
duced at the waist. All the superfluous stuff on 
top and welt has to be finely pared off, but not 
so closely as to weaken the #titching. When this 
has been done, the seams should be hammered 
down smooth with the flat head of the broad 
hammer, care being taken to avoid bruising the 
stitches. 

Soling. Between the surface of the insole 
and the level of the welt there is a difference 
which must be filled up. <A padding of felt is 
favoured by many shoemakers, and for light 
boots it does very well; but soft felt cannot add 
anything to the strength of a sole, and our duty 
is to make it as strong as ible. Scraps of 
good leather, skived to a uniform thickness and 
neatly built to each other, form a strong packing. 


Paste all over the insole with thick, strong 
piste, and lay in the packing, pressing down 
smooth Over this brush a coating of paate, and 
fix on tho sole. 

Beating the Sole. Before putting on the 
sole, however, we subject it to some hard treat- 
ment. Lift the hoavy iron lapstone on to your 
thighs, smooth face upward; take the broad- 
faced hammer in your right, and the sole in your 
left hand; lay the leather, flesh sido upward, on 
the lapstone, and hammer firmly and evenly from 
the centre of the sole outward. Our object in 
the operation is twofold—first, to weld the fibres 
of the Jeather together ; second, to give the sole 
a smooth surface on both sides. 

Shaping. Another point should be men- 
tioned here. In heavy boots ths sole is put on 
just as it is with, of course, the necessary paring ; 
but light boots and thos» to be finely shaped 
have soles skived on the under side of the shank, 
a, broad crescent on each side thmning tho leather 
towards the edges. 

Laying on the Sole. Laid evenly on, tho 
sole is tacked down, a tack in th» centre of the 
toc, one in the middle of the sole, and two at the 
ond, near the seat of the hoel, securing it firmly. 
Now brace ths boot between the knees, and 
himmer smooth and flat all over the sole. Turn 
the boot top up, and take a cold iron and smooth 
down tho welt, setting it at right angles with the 
upper. 

Paring. Our boot begins to take shape, 
and th> thought is an inspiration for the deft 
and delicate work of paring and shaping. All 
round, and at toe and waist especially, the sole 
stands out rough and rugged. Those rough edges 
and corners are to be cut off, but be sure you 
realise what is to be aimed at in th cutting. 
Many a million boots have been sporled in the 
trimming. Mark lightly the outline of the sole 
with the back of the knife, and then, with wrist 
braced, and fingers steadily guiding the blade, 
cut away the rough edges round the sole, and 
show what a fine shape it was designed to be. 
That is good art and fine craft, and now we pass 
on to the art which conceals craft—make the 
channelling that conceals the sewing of the sole 
to the welt. 

Channelling. This is not asimple matter 
of drawing a line round the edge of the sole ; 
it must be graduated from ,', in. at the sides to 
} in. at the shank. Having drawn the lines with 
a, pair of dividers, take the knife in the right hand 
like a pen, slant the point into the sole, and make 
a cut on the line that raises the surface of the 
leather. Deepen the channel with the slanting 
blade of the prick-stitch, and hft the flap wide, 
so as to be out of the way of the stitching awl. 
Turn over the boot, and run the fudge wheel 
along the welt, as a guide to aye 

Stitching. If it be desired that the stitching 
should be shown up, make a thread of yellow flax, 
and wax it with white wax. The thread should, in 
any case, be formed of the finest hemp, and 
waxed sparingly. Set the boot, side up, between 
the knees, and bind firmly in position with the 
belt over the shank and under the foot. With 
the stitching aw], make a hole through welt and 
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sole, bringing the point of the awl out in the 
channel cut in the sole, and so begin the work 
of stitching. The rest is obvious, and further 
detail is needless ; but a hint or two may be of 
service. When about to make a stitch, set the 
curve of the awl against the upper and the point 
on the flat of the welt, drive tho point quickly 
through the leather, bringing the clhow dowa 
with the stroke, lifting the elbow again to with- 
draw the awl. To aid the awl, tho Icft thumb 
should push the sole at the moment of tho stroke 
against the point. As the wax wears off the 
thread, always renew it on the side furthest from 
the boot, so that none of the waa may fall on tho 
upper and spoil tho work. After stitching, the 
channel is closed over the stitches, 

Building the Heel. The leather for the 


hec! must be hard, thick, and firm in fibre. For 
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84. SEWING IN THE WELT IN A HAND-SEWN 
BOOT 


an ordinary square heel, we require a seat-piece, 
two pairs of lifts, and a sole-piece. Cut wide, 
so as to cover the heel-stitching, the seat-picce 
is pegged on and made square with the end of the 
solo. Next, the pair of split lifts have to be placed. 

Making Splits. Split lifts arc formed out of 
a solid piece of butt leather, 1 in. broad, 7 in. 
long, split into two wedges by a simple process. 
Lay the leather flat, holding it down with tho 
Jeft thumb in the centre. Put the knife into 
the head of the strip near the outer edge, and 
make a slanting cut down almost to the other 
side ; then draw the knife evenly down, and the 
leather will be split in equal wedges. Soak the 
splits in water, and bend the ends together 
vertically, and they will form a ring with the 
inner das curling. Hammer down the raised 
edges, and a heel-piece will be formed. 
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—__,-—~. on Split Lifts. Rasp the seat- 
piece roughly, and cover with paste ; lay on the 
split lift, and tap down with the hammer ; repeat 
the process, and put on the second split lift ; 
pack in the centre with leather. Now put on the 
solid lifts and top piece, pegging them down. 
Thus firmed, the heel is ready for sewing. Ex- 
al that the heel is harder and deeper than the 
sole, there is no difference between welt sewing 
and heel sewing. The awl, of course, is straight. 


Shapes of Heels. No one knows the 
variety of taste there is in regard to heels except 
a bootmaker with a good class of trade. Square 
heels, round heels, high heels, pegtop heels, and 
many modifications of these puzzle the boot- 
maker’s wits. Let no one imagine that it is 
merely a question of a different form of heel ; 
the kind of heel frequently determines the whole 
character of the boot. A high heel makes a long 
angle which must be compensated for somehow, 
or the tips of the toes and edges of the heels are 
certain to get the whole weight to carry. The 
last must be modelled according to the height of 
the heel. There are various ways of doing this, 
the most common method of accommodating 
high heels being to shorten the arch of the foot 
and heighten the instep on the last. Other 
methods are adopted, but these are special to 
different makers. 


Finishing the Heel. The heel is the last 
to be made, and the first to be finished. In spite 
of all our care, the edgos of the lifts show, and 
the ideal heel is a solid block. First round off the 
top piece with the knife, and then cut the lower 
layers of leather to an even shape. This is called 
Anifing, and the succeeding peening process is an 
apparent contradiction of it. With the peen, or 


together, and when the rasp has been applied 
and has cleared away the dents, a smooth, solid 
surface remains. 


Smoothing Edges. We leave the heel in 
that state for the present, and take up other 
parts of the boot. Apply the sharp knife to the 
shank and sole, clearing away the rough edges 
and stiff corners, till the outline of the boot runs 
clean and smooth from waist to toe. Now the 
edge of the sole has to be peened and rasped in 
the same style as the heel. Keep the stroke of 
the peen well in the centre of the sole, for the 
edges are tender and may be frayed. Similarly, 
in rasping hold the sole steady with the left hand 
and rub the rasp firmly along the centre, taking 
about 3 in. at a time. One side of the rasp is 
sharp-toothed, and the other is a fine file. With 
the file side go over all the rasped parts and 
smooth them down. 

Buffing is the next process. and is designed to 
clear away whatever marks, scratches, or stains 
the leather may have taken on, as well as to give 
& new surface. Before the age of machinery, 
the buffing tool was a piece of glass ; now we have 


buffing knives—flat pieces of soft steel given a 
turned edge that scrapes the surface of the leather 
evenly.. over the sides of the sole and heel 
with the knife, making a clean, hard surface. 

Sand:«papering. We have done with the 
tools that cut, and take up the rubbers and 
smoothers and polishers. First of these is the 
sandpaper, a strong flexible paper covered with 
sand silicate. Take a bit of this paper about the 
size of your palm, clothe the tip of the thumb 
with it, and rub over sole and edges, imparting 
to the whole of the bottom of the boot a smooth, 
uniform colour. 

Irons. Like our neighbours, the tailor and 
the shirtmaker, we have smoothing and polishing 
irons, but between our little irons and the tailor’s 

oose the contrast is very great. Our irons are 
ittle metal blocks, an inch in depth, varying in 
breadth and thickness according to the purpose 
for which they are designed. The large glazing 
iron is 2 in. broad, dome-headed, and 1 in. 
thick ; on the other hand, some of the waist 
irons are about the dimensions of a common file. 
A gas burner or a spirit lamp should be near at 
hand, for heating the irons. Needless to say, the 
irons must never be made so hot as to scorch 
the leather, but the caution is one to be kept 
in mind. When brought to the proper heat. 
the irons are applied to the waist, the sides of 
the sole and the heel, and to the top of the welt, 
rubbing to a firm smoothness. 

InKing. Before applying the blackening 
ink, rub over the parts to be blacked with a 
little weak ammonia, and then brush on the ink. 
Now is the time for using the glazing irons. 
Kept at a good heat, the irons are rigorously 
rubbed on the-surface of the leather, bringing 
it to a high polish. 

the 
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tions. After the work of polishing and finishing 
has been done, a very important and troublesome 
job remains, and that is the taking out of the 
last. Perhaps the last comes out with little 
bother, but if it is stiff, get the last-hook. Hawv- 
ing cut the laces that held the fronts together 
during soling, we put the last-hook down into 
the hole above the heel of the last. Lay the 
long double handle of the hook on the floor, and 
set the feet on it, one on each side of the stalk. 
Grip the boot firmly under the toe with the left 
hand, and with the right take hold of the back of 
the heel. Pull hard at the heel, working the toe 
up and down. In ordinary cases the l:3t yields 
and comes out ; but sometimes we have long and 
sore work to get the boot clear, and the reason 
is not always obvious. 

When you have put in the sock soles, blacked 
and polished the boots, and duly parcelled them 
for the customer, you are entitled to think that 
you have performed a service to the industrial 
world, and, it may be, the world of art as well, 
though the Royal Academy may not acknow- 
ledge it. 


Continued 
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OPTICIANS 

The meaning of optician as defined by Johnson 
is ‘‘one skilled in optics,” which includes not 
only the making and fitting of spectacles but 
sight-testing. The business is a very old one, 
as may be judged from the fact that the Spectacle 
Makers’ Company was established by charter 
in London as carly as 1629. This company 
still survives, and is one of the City Companies 
that is trying to retrieve the inaction of a couple 
of hundred years by devoting its cnergies to 
a scheme of optical examination 

Revival of the Business. Of late 
years a great revival has taken place in the 
optician’s business, partly due to improved 
methods of sight-testing, end partly to the 
fact that the importance of correcting crrors of 
the refraction of the eyes is more generally 
recognised Formerly, the universal practice, 
when one wished to obt«in spectacles, was to 
try on a number of pairs one after the other, 
and to choose the pair which seemed bat to 
correct the failing or ailing sight Now, however, 
the application of scientific principles to sight- 
testing has completely altered the routine. A 
Sight-testing Opticians’ Bill was introduced into 
the House of Lords in 1906, and had for ite 
object the registration of opticians in much the 
Rame way as dentists and pharmacists have 
been regulated. The Bill, which would probably 
have had to be much altered before 1t would have 
been accepted by the Legislature, was withdrawn 
but may be re-introduced when the dissensi015 
in the optical industry have disappeared We 
mention these points to show that the buaimes: 
of an optician 1s one which has good pro3pects 
of being an increasing one in the future 

Apprenticeship. There are compara- 
tively few persons solely employed as sight 
testing opticians, the business being moze often 
carried on in conjunction with other trades 
such as that of a chemist, jeweller, photographic 
apparatus dealer, or scientific instrument dealer. 
As a consequence, apprenticeship to a sight- 
testing optician is not at all general The youth 
is usually apprer-ticed to a business in connection 
with which the sale of spectacles is a side line, 
and if his inclinations tend that way he studies 
and obtains one of the optical diplomas. The 
youth who desires to be an optician must have 
a natural taste fur mathematics, and must see 
in figures more than a more collection of ap- 

rently meaningless symbols. He should also 
Eave a taste for making models of small objects, 
and aptitude in mechanical manipulations. 
The parent should see that the business to which 
his son is to be apprenticed is a large one, in 
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which not only is a retail trade dono but, in 
addition, a certain amount of manufacturing, 
apart from the fittmg up and repairing of 
spectacles A promium of from £20 to £50 will 
be needed, and this is generally returned in the 
form of a small salary. 

Education. Apart from tho cducation 
imparted during the course of the apprenticeship, 
® youth should attend suitable science classes 
If in London he will be able to take a course in 
technical and practical optics at the Northampton 
Institute, Clerkenwell, F.C, Thuis institute was 
the first to establish classes in appliod, visual, 
and physiological optics and optical instrument 
construction Day and evening classes are 
arranged, and the fees, which are moderate, 
depend on tho time devoted and the number 
of subjects studied. The day course extends 
over two years, the fees being £15 a year; but 
as such a@ course necessitates attendance daily 
from ten to five on five days of the week it 
cannot be taken by apprenticos The evening 
clwsses are, however, very convenient for those 
engaged during the day. Optical classes are 
wlso held by the Scottish Optical College in 
Glasgow and Edinburgh, and there are private 
instructors in London and soma provincial 
towns. 

Examinations. At the cnd of a course 
of study, it is advisable to sit for a diploma of 
one of the optical examining bodies The two 
existing bodies are the British Optical Associa- 
tion and the Spectacle Makers’ Company. The 
British Optical Association was cstablished in 
1895, and has its headquarters at 199, Piccadilly, 
London, W. It was the first to establish a 
complete examination for sight-testing opticians. 
There are two grades of examination, the 
dioptric and tho fellowship grade, the fees 
being three and five guineas reapectively. 
Each examination is divided into three sections. 
In th dioptric the sections are lenses and 
frames (occupying two hours), subjective sight- 
testing and dissection (half to one hour), physical 
optics, physiologic optics, anatomy anal physi- 
ology, photometry and ethics (four to six hours). 
The fellowship examination can be taken only 
by holders of the dioptric certificate. The 
three sections are practical dissections or 
microscopic demonstrations (30 minutes), objec- 
tive and subjective teste (two hours), Lar a 
optics, embryology and physiology, othics and 
ctymology, ophthalmoscopy, prismetry (five to 
seven and a half hours). 

The examination scheme of the Spectacle 
Makers’ Company was brought out and tho 
first examinations held in 1898. The schemo 
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was, in 1904, enlarged so as to embrace sight- 
testing. As at present constituted, there are 
three divisions of the company’s examination : 
(1) the special examination ; (2) general ex- 
amination ; and (3) sight-testing examination. 
The first, or arts division, is a written examina- 
tion in elementary mathematics, light, optics, 
theory of optical instruments, and heat, with a 
viva voce examination in the use and adjustment 
of the camera and projection apparatus, the 
telescope and binocular, the microscope and 
sextant. Certain parts of this examination are 
excused to those holding Oxford or Cambridge 
Local Examination certificates and matriculation 
or similar certificate; and in the case of phar- 
macists the examination need not be taken, 
as they have already passed a more stringent 
test. The general examination is in three 
sections: (a) a written examination in general 
and visual optics; (b) viva voce in the same 
subjects; and (c) a practical examination 
in the optical analysis of lenses, knowledge of 
materials employed, and workmanship and 
frame fitting. e sight-testing examination 
deals with all sides of the subject of sight- 
testing and the instruments used. The fees for 
the three examinations ure: (1) £22s.; (2) £3 3s. ; 
(3) £2 12s. 6d. The headquarters of the 
Spectacle Makers’ Company are Temple House, 
Temple Avenue, London, B.C. These examina- 
tions are the favourite ones with opticians as 
diplomates can take up the freedom of the 
company and of the City of London on payment 
of £4 4s. and £1 Is. respectively. A freeman 
may become a liveryman of the Company on 
payment of £22. 

Capital. The ambition of every young 
optician is to have his own establishment ; 
but before doing so he should take care to enlarge 
his experience in practical work as much as 
possible. It is advisable to serve as an assistant 
in at least two positions, and the modern tendency 
is to let at least one of these be with a large 
“store ’’ so as to widen the ideas as much as 
possible. An assistant who has been only in 
a small retail business has often little grasp 
of the extent of the trade done in the palatial 
store businesses of the present day. 

Business Premises. In regard to the 
best position for an optician’s shop this may be 
considered as following the rule of businesses 
depending on public support. By that is 
meant that the best positions for other 
businesses are also the most suitable for the 
optician. When the business is solely devoted 
to that of a sight-testing optician, the shop need 
be only of modest dimensions, but a good space 
is required for the testing-room and a smaller 
room will be needed as a workshop. The space 
available will largely influence the apportion- 
ment of these various departments. For instance, 
it is not difficult, by screening a side of the shop 
partially, to carry on eee in the same 
room as serves for retailing, and in many cases 
the workshop portion is advantageously carried 
on in a part of the shop. 

Capital. The amount of capital required 
may be stated at £250, but the beginner should 
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bear in mind that an optician’s business is 
slow in growth, and that it will probably be 
three years before he can judge of the progress 
he has made. For this reason it is well on 
taking premises to stipulate for a three years’ 
agreement, and not to enter upon a long 
lease. The agreement should contain a clause 
giving the tenant the option of taking out a lease 
at an agreed rental. The following is how the 
capital can be roughly apportioned: 


Window fitting and outside signs £20 
Shop fitting .. os - 40 
Stock .. a 3% ‘ee -- 100 
Testing-room fittings .. i 10 
Testing appliances... “i a 15 
Work-room appliances as as 5 
Advertising .. - 2 66 10 
Working capital - bd - 50 

£250 


The outside of the shop of an optician is usually 
painted in black and gold, or at least, some 
dark colour. There is a tendency to create new 
titles for the optician’s shop which, in the 
infancy of the business, is not altogether to be 
regretted. Some opticians give their premises 
such titles as “Ophthalmic Institute,” “ Sight- 
testing Parlour,” ‘Refraction Rooms,” but as 
long as the public can be made to understand 
what is meant it is quite open to the optician 
to invent any title he may choose. 

Outside signs in the form of large gilt spectacle 
frames are good for appealing to the public. 
Such a sign costs from 208. to 40s. Enamelled 
copper spectacles (costing from 3s. 6d. to 10s.) 
may also bo affixed to the window in addition 
toa small amount of copper lettering. A popular 
ornament for an optician’s shop is the coat-of- 
arms of the Spectacle Makers’ Company, or the 
crest of the British Optical Association. These 
are obtainable in cast iron, painted in colours, 
or as glass tablets illuminated in colour. The 
last-named are frequently placed inside the 
window along with, or in place of, the optician’s 
diplomas, which the beginner should possess. 

Window Display. The diplomas issued by 
the examining body are handsome productions, 
and, if exposed in the window, are calculated to 
impress the public. The interior of the window is 
arranged with either ebonised fittings or draped 
with purple velvet. Formerly there was a dearth 
of suitable articles for window display, but of late 
years the problem has been amply solved by 
the wholesale houses. Among the window 
attractions may be noted models of the human 
eye (costing from 5s. to 40s.}, charts of the eye, 
wax busts and faces upon which spectacles 
and eyeglasses are fitted, and cards showing 
spectacles in various stages of manufacture. 
The last-named applies particularly to pebble 
spectacles, lumps of Brazilian ot hip also forming 
a great attraction. Prismoidal glass blocks 
of various colours have become a recognised 
ornamentation of the optician’s window. These 
are obtained in seta coating about 30s. per dozen 
pieces. Folders and spectacles are displayed 
on velvet stands which cost from 1s. each, and 
sets of lenses showing the various kinds are 


instructive, or, at least, impress the public 
with the fact that the construction of spectacles 
is not so simple as it looks. A Crooke’a radio- 
meter never fails to attract passers-by, and it is 
difficult to convince some people that light is 
the only agency that spins the vane. An astig- 
matic clock always attracts. Window tickets 
and a handful of artificial hig complete the 
severest fitted window, but the practical man 
will not omit to show such things as reading 
lenses, oyeshades, Jorgnettes, motor goggles, 
and spectacle cases. 

Fittinge. In regard to the shop fitting, the 
walls may be utilised for the display of charts and 
diagcams of the eyes, or, better, for showcases, in 
which goods should be arranged The counter 
Fhould be covered by a glass case, in which are 
thown spectacles. Tnese cases may be used for 
the stock of spectacle cases and chains, but at 
all times representative samplep should be 
exhibited 50 that the public can see that these 
goods are made in a great variety of kinds. 
A stereoscope may be placed on the counter; 
this and some form of zoetrope is often found, 
particularly in the shops of opticians who sell 
i cientific instruments. 

Stock. As regard: the stock carried by the 
optician, a practical man will have no difficulty 
m apportioning the suggested £110 amongit 
the following items: Spectacles in gold-filled, 
and steel frames, folders, astigmatic clips, eyo 
preservers, coloured glasses, motor and cycling 
goggles, single cyoglasses (rimless, framed, and 
with gallery), lorgnettes (in celluloid and tortoise- 
thell), shooting spectacles, pocket magnifiers, 
reading glasses, tripod magnifiers, linen provers, 
cyogla s cords and chains, rpectacle and eyeglasr 
cases (including chatelaine cases), artificial eyes, 
eyeshades, cyebaths, and lens cleaners. 


Sight-testing Room. This room re- 
quires to be from 10 ft. to 15 ft. Jong, but by 
using reflected test types, this distance can be 
halved. The walls should be painted in a dull- 
lead coloured paint, and there should be no 
pictures to distract the customer who is having 
the sight tested. The test charta are hung at 
one end of the room, and the patient sits at 
a distance of 10 ft. away, the chair being ad- 
vantageously placed on a platform. The test- 
charts need to be well illuminated, and if natural 
light be not available in sufficient quantity 
shaded gas jets or electric light must be arranged 
Fo that uniform illumination is given. The most 
important item in the test-room is the trial 
case of lenses. The beginner is recommended 
to spend at least £10 on this item, as upon the 
accuracy of trial lenses depends subsequent 
success in spectacle adaptation. Some opticians 
would include an ophthalmometer as a necessity 
in the sight-tester’s armamentarium. There is, 
however, a difference of opinion as to the use- 
fulness of this expensive item, so that it has been 
thought well not to include it in the estimate. 
The trial case should be placed on a small table 
by the side of the testing chair. Reading type 
will also bo needed as well as a trial frame, 
optician’s rules, face measures, and ) dagiad anc 
book in which to record results. An ophthal- 


moscope may also be included, and in this case 
allowance must be made for the ophthalmological 
lamp, which should be of the wall bracket variety. 
A hand mirror must be provided for lady 
customers, who should be given the oppor- 
tunity of rearranging tho hair, which may have 
become dishevelled during the testing process. 

Practical Sight-teating. This will be 
&® convenient place to give an outline o1 
routine adopted in testing sight. The optician 
should stand beside the customer, who is seated, 
and should adjust the trial frame on the face, 
being careful to sec that it is comfortable. As 
each cye is separately tested, an opaque disc is 
put in front of the left eye. The customer is then 
asked to look with the right eye at the test chart 
hanging on the wall, and to indicate which letters 
he can read. Jf he cannot read as much of the 
type as he should be ableto, a + O'5 D Jens is put 
in the trial frame before the eye that is being 
examined The customer then indicates whethor 
he can seo better or not. If the lens improve the 
vision, the case is one of hyperopia, and the 
operator continues to substitute stronger lenses 
until the one isreached which gives perfect sight. 
lf, however, the customer could not see so well 
when the weak lens was used, it is changed for a 
— 05D lens, and if this improves matters, it 
will indicate myopia, and the operator will pro- 
coed to increase the strength of the minus lenses 
until the proper one is reached. It will be under- 
stood that the left eye 1s afterwards separately 
tested in the same manner. 

Cases occur, however, in which the patient 
does not sec clearly all the radiating lines of an 
astigmatic chart, and the ordinary spherical 
lenses must be replaced or reinforced by the 
cylindrical Jenses. The method is similar to 
that given above, except that the cylinder lenses 
are used and rotated until all meridians of the 
chart are clear to the eye. Presbyopia, or old 
sight, is tested for by the hand-reading type, but 
astigmatism, hyperopia, or myopia, may also be 
present, and hence the distance type should also 
be employed as indicated above. It is not within 
the scope of this article to include muacle testing, 
or the objective method of sight-testing. Infor- 
mation on these points is to be found in somo 
of the books in the list at the end of this article. 

Workshop. Here the loose lenses are 
kept either unedged, or of the interchangeable 
variety. The latter are very convenient, but 
not universal, hence it is necessary to stock both 
kinds. Lens testers, opticians’ pliers, screw- 
drivers, soldering apparatus, tweezers, screw 
extractors, Jens drills, a grindstone, and spare 
parts of spectacles and eyeglasses, are some of 
the articles which are allowed for in the estimate 
given. A bench will he needed, and if much 
mechanical work is done, a lathe, lens surface 
Agi and similar larger tools must be added. 

t is not advisable for a beginner to overstock 
himeelf with tools, as the wholesale opticians 
undertake to do repairs and lens fitting 
promptly in cases where these are beyond the 
mechanical skill of the optician. 

Advertising. The item included under 
this head is intended to he anent in developing 
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the business and in letting the outside public 
know that there is an optician in the town. 
Kilectros of suitable blocks for newspaper illustra- 
tion or bills cost 1s. each. The distribution of 
booklets on eye-defects or test cards is an 
effectual way of advertising. Spectacle lens 
cleaners (made of chamois leather and lettered 
with the optician’s name), and placing the name 
of the optician on spectacle cases, are proper 
methods of advertising. The Spectacle Makers’ 
Company do not allow their Fellows to advertise 
in a way which may seem to infringe the province 
of an oculist. 

Profita. The profits of the optical business 
are good, but far from abnormal when one con- 
siders the limits which sight-testing imposes 
upon one individual]. Some opticians charge up 
to three guineas for a pair of spectacles, but such 
a fee includes the most scrupulous attention to 
detail in sight-testing, and the finest English 
workmanship in the frame and lenses. A sum 
of 15s. to 21s. is, however, usual for a pair of 
gold-filled folders or spectacles, but steel-framed 
glasses are supplied to workmen and to the poor 
at fees as low as 2s. 6d. Prescription work— 
that is, the filling of the prescriptions of oculists— 
is a part of the business that is worth cultivating, 
as not only does such work bring the optician 
under the notice of an oculist, but it makes the 
customer return when repairs are needed. On 
fancy goods such as the optician sells a profit 
of at least 25 per cent. is obtained, these goods 
including spectacle cases, lorgnettes, and mag- 
nifiers. The business is, or should be, a cash one. 
It is this feature that makes an optician content 
with what is otherwise a slow-moving and 
somewhat tedious business. 

Trade and Technical Literature. 
The following are the chief books and trade 
journals of interest to opticians : 

“The Optician,” weekly; ‘The Dioptric 
Review,” monthly; “The British Optical 
Journal,” twice monthly ; Hartridges’ “ Refrac- 
tion of the Eye,” 6s. (Churchill, London) ; 
Taylor & Baxter's “Key to Sight-Testing,” 
7s. 6d. (Taylor, Birmingham); “ Opticians’ 
Handbook,” 3s. 6d., (‘‘ The Optician ’’ Office ;) 
Druiff’s “ Refraction,” 10s. 6d. (Anglo-American 
Optical Co.) ; Thorington’s “‘ How to Refract,” 
7s. 6d. (Rebman, London); Blair’s ‘‘ Errors of 
Refraction,” 2s. 6d. (Bailliere, London); Mad- 
dox’s “ Golden Rules of Refraction,” 1s. (Wright, 
Bristol). 

For the academic part of the Spectacle 
Makers’ Examination special books are recom- 
mended, a list being given in the syllabus of the 
examinations, 


PAINTERS AND DECORATORS 

Painting and decorating is a business in 
which both artistic and commercial ability 
should combine to produce a good income and a 
satisfactory position. Artistic ability is essential 
to the higher grades of the business, though a 
secondary consideration in more ordinary grades 
where sufficient guidance is furnished by clients, 
who may show passably good taste in their 
selections from ready- materials. Com- 
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mercial ability is essential to success in all grade: 
of this business, for special reasons. First 
there is an extremely busy season during fow 
or five months of the spring and summer, ¢ 
moderate season of one or two months in the 
autumn, and a universally slack season for fou: 
or five months in the winter. 

Organising the Work. In these circum: 
stances a good organiser will constantly aim at 
modifying the extremes, often securing, by judi- 
cious argument, the indulgence of his client aa 
to time for the commencement of work, enabling 
him to maintain with fair regularity an efficient 
staff of men open whose services he can depend 
to carry out the operative part of the business 
with credit and profit. Bad management in 
this detail would involve the necessary employ- 
ment of unknown workmen at critical times. 
In estimating the cost of work, also, there is a 
point which the indifferent manager may over- 
look, and that is the wear and tear of brushes, 
tools, and plant, which should be charged on 
an average at from 74 per cent. to 10 per cent. 
of the separate net value. Another point of 
commercial value is the economical manage- 
ment of material. So important is this point 
that in some large successful firms a special 
clerk is engaged to watch and record the use 
of materials only. 

The Composite Business. The busi- 
ness pays well in the season if well managed, 
but the winter slackness has to be reckoned 
with and in one way or another provided 
for. Sometimcs another business is run in 
conjunction with painting and decorating, such 
as plumbing, which is usually busy when 
painting is quiet. Some of the most successful 
concerns, however, have been built up without 
the aid of any other trade, except such as may 
be described as auxiliary to that of the decorator. 

The employment of competent workmen to 
effect the operative part of the business will give 
some concern to the beginner. Personal super- 
vision of work in progress is always advisable, 
either by the master or by a competent foreman. 

Capital. On the subject of capital, an 
important point is that it is usual to extend a 
term of credit to a very considerable section of 
the trade’s supporters—namely, house agents, 
whose custom is to have current accounts, and 
to pay quarterly, or at other periodical intervals. 

Contrary to the usual run of shopkeeping, 
capital in this trade is not wanted chiefly for 
goods in stock for sale, nor for materials to be 
used on the work, but will be required to pay 
the wages of operatives vehile work is in progress. 
Wages in the painting trade average from 65 per 
cent. to 75 per cent. off the net cost of the work, 
which may not be returned for some months. 

It has been said that a small business could 
be started on a capital of £60. From the 
foregoing particulars it will be clear that the 
sum named would suffice only for the smallest 
possible business with barely such equipment as 
would serve the requirements of two or three 
workmen at most, without margin for extension 
of credit and ordinary risk on occasion, and 
without stocking any materials. 


For a concern capable of dealing independently 
with the average requirements of a moderate 
class business in the present day, it will be 
readily admitted that a sum of at least four 
times that named above, or, say, from £250 to 
£300, should be available. 

Credit. A partial set-off against the credit to 
be given is that when a business is well estab- 
lished the manufacturers and merchants who 
supply the trade offer similar credit for materials 
used. It follows, therefore, that with reasonable 
good fortune a business should adequately finance 
itself after, say, the first year, with reasonable 
progression. 

A considerable part of preliminary outlay will 
be for painters’ brushes, tools, and scaffolding, 
such as step-ladders, planks, long and short 
stave-ladders (for outside painters’ work), hand- 
carts, etc., none of which will be directly charge- 
able to any client's account, and can be recovered 
only by the charge of a proper percentage already 
named for indispensable wear and tear. It must 
also be remembered that the master is responsible, 
under the Employers’ Liability Act, for the safe 
condition of all scaffolding, and must be pre- 
pared to compensate any workman who may 
receive injury through defect therein. This is 
usually covered by insuring, and the premium 
paid must be charged to the account for main- 
tenance of scaffolding. 

Preliminary expenditure on materials may 
be limited to the needs of the workshop, as the 
modern custom of keeping little or no stock of 
paperhangings or cther decorative fabrics, now 
mainly sold from the attractive pattern books 
supplied (freely as a rule) by the merchants, 
leaves the investor free to apply that capital 
in other directions. 

New Work. On account of special con- 
ditions as to weekly payments, up to about 
80 per cent. of the value of work accomplished 
being usually negotiable for painters’ work on 
new buildings, beginners find this class of work 
a conveniwnt stepping stone to more desirable 
engagements. But the same ready money 
prospect also operates in the cutting down of 
prices, until the older firms decline to tender 
for new work as there would be no profit out 
of it to them, while the smaller master would 
probably work personally with his staff, and 
by watching every point of vantage or chance 
of leakage with a zeal not to be expected from 
the best of foremen, may secure a profit at a 
price lower than would be accepted by his 
competitors. 

Showroom. A minor business such as 
that quoted at £60 may possibly be conducted 
without the cstablishment of a showroom, but 
not so the moderately good class business, with 
& progressive future. It has already been 
mentioned that the modern custom of selecting 
wall-papers and other decorative fabrics from 
the handsome sets of pattern-books supplied by 
the wholesale merchants has largely displacerl 
the old custom of keeping a varied stock of 
saleable (and unsaleable) goods. 

The higher class goods are made up in large 
“stand’’ books that may be displayed in an 
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upright position on the floor of the showroom. 
For convenience of carrying to clients’ own 
addresses for selection to be made, some 
merchants supply also a smaller-sized pattern- 
book of the same contents, and this will rest 
on the showroom table among other similar- 
sized books containing patterns of the various 
grades of lower class goods. It is the general 
custom for the merchants to mark on the back 
of each pattern the full retail price, from which 
a substantial discount of 33} per cent. is 
allowed to the trade, no part of which should, 
in justice to the responsibilities of the business, 
be sacrificed to the client. 

Both merchants and manufacturers suppl 
the trade in this way, but the merchants will 
be found the most convenient to the beginner 
as their selections are made annually from the 
various manufacturers’ productions and arranged 
in harmonious “ sets,’’ thereby presenting great 
variety. Their pattern-books are distinguished 
generally by vague titles, such as ‘‘ Royal Court” 
wall-papors, or other fancy name, the identity 
of merchants being known only to the trade. 
Evory pattern inserted in the books is kept in 
stock during the season—extending generally 
from September of one year to September of 
the following year—and sometimes a successful 
pattern may be carried forward from one season 
to another. 

Showroom Fittings. The walls and 
ceilings of the showroom should be decorated with 
different materials in a variety of styles to show, 
say, three methods of treating a drawing-room, the 
same number of dining-room schemes, and a fewer 
number of schemes for other apartments as space 
may allow, separating these into sections by the 
use of mouldings that may be shown as samples 
of panel, picture, dado, or other mouldings used 
in similar positions occasionally by the decorator 
in the conduct of his business. These s -ctional 
examples should each be a display of good 
taste and careful workmanship, to inspire con- 
fidence in the customer as well as suggesting 
suitable modifications and colour harmonies, 
blending or contrasting, brillant, medium or 
subdued in tones, light and airy or deep and 
rich, as occasion may require. Examples of 
painted woodwork should also be found in 
some varicty in every showroom. These may 
take the form of doors, panelled on both sides, 
and hung upon posts between the sections of 
wall decoration so as to swing cither way and 
display suitable varieties of painting in harmony 
with the wall schemes. One side of a door 
may be finished in a variety of grained woods, 
such as oak, mahogany, walnut, pitch-pine, 
maple, etc., as the painted imitation of these 
woods will be occasionally called for. 

Fitments, such as a “cosy corner,” where 
clients may sit while selecting their wall-papers, 
etc., and an arched acreen between showroom 
and office, from which artistic drapery may 
hang, and in which ornamental stained glass or 
leaded lights may be effectively displayed, 
should find room when possible, because it 
frequently comes within a decorator’s province 
to recommend and supply such fitments to 
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complete the devorations of a house. These 
are usually white enamelled with good effect. 
The screen need not be ‘higher than seven or 
eight feet, allowing ventilation and light over 
the top. In front of this screen there may be 
brass rods, fixed several inches from the wood 
over which sample rolls of wall-papers may be 
hung for display when required. 

A long, low table with shelves underneath, for 
the display of smaller pattern-books, colour 
studies, etc., a few comfortable chairs, and the 
indispensable good carpet or linoleum on the 
floor practically completes the up-to-date show- 
room. 

Special Diecount off Showroom 
Goods. It may be noted that manufacturers 
and merchants to whom the decorator will give his 
orders for wall-hangings will usually supply all 
necessary wall-papers, relief materials, etc., for the 
decorative display above recommended, or to be 
fixed upon the showroom walls and ceiling, at 
the excoptional discount of 75 per cent. from 
list: prices. 

Shop Window. Jt is gencrally to the 
advantage of a good class decorator’s business 
to make but little display of goods in the window. 
A white enamelled screen dividing the window 
from the showroom may be made to support 
a simple pleated curtain of unobtrusive art 
shade as a background, and a linoleum of sub- 
dued contrasting colour on the stage flooring, 
with one stand pattern-book opened at a pleasing 
decorative scheme, showing perhaps a deep 
attractive frieze with harmonious filling, and 
maybe a yard or so of rich brocaded silk draped 
over one end of this, will as a rule impress the 
right people in the right direction for good class 
business far more than a heterogeneous assort- 
ment of many samples. A pretty and always 
attractive addition to the window display is an 
ornamentally-designed easel, upon which rests 
@ picture or a small-scale drawing of an interior, 
drawing or dining-room, billiard-room, hall, or 
other example of decorated work in colours, 
which may be obtained from the trade journals 
or from special artists if the decorator does not 
produce such drawings himself. 


Wallspaper Stock. Where business 
prospects reasonably demand the keeping of a 
stock of wall-papers, this stock should generally 
be confined to the more ordinary kinds and lower 
qualities, in the sale of which there is less 
fastidiousness to contend with than in the 
higher-priced goods for best rooms. 

The manufacturers and merchants quote 
specially low prices for “stock” orders, in 
“bales” of stated quantities, as a minimum 
total. This compensates the decorator for 
special risks and, enables him, when his stock 
patterns are selected from the pattern-books, 
to net an extra profit, while losses upon rem- 
nants costing, say, from 2}d. to 6d. per roll of a 
dozen yards—of which the average room requires 
from seven to ten pieces—will never amount to a 
very large sum. 

A moderate isa | on these goods, say £30 
or thereabouts, would be adequate for a start and 
might be made to embrace 70 or 80 varieties 
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in lots of 25 or 30 of each, with a total of about 
2,000 rolls in all. These will be renewable as 
required during the current season, and renewals 
should always be compared for exactness of 
shades before placing into stock, and any 
ji should be kept apart from previous 
stock. 

Enclosed shelves or “ racks ” will be required 
for convenient storage of these ete The 
carpenter’s work for construction of such racks 
as usually made for the purpose, may be set 
down at about 50s. per 1,000 rolls it is intended 
to place in stock. Each division of square 
shelving should hold about 30 or 50 pieces for 
careful and economical manipulation. 

Sale-shop. In connection with a good 
class business in large towns there is very little 
cash trade usually carried on over the counter 
in the form of sales of materials only, though 
when a stock of paperhangings is laid in it 
becomes a paying department in a district where 
there is a considerable section of the public 
accustomed to buy these goods, arranging 
elsewhore for fixing. This is especially the case in 
country market towns. 

Ready-mixed Paints. A _ profitable 
addition to this department will be a stock 
of ready-mixed paints in lever-top tins of 
suleable sizes, such as, 1 Ib. 2 Ib. 4 Ib., 
and 7 Ib. These are obtainable in various 
qualities from most paint manufacturers. A 
good quality sold at a fair price will be the most 
profitable in the long run, as the commoner 
qualitics have poor covering power, and are apt 
to hecome viscid by remaining in stock. 

Paints ground to a stiff paste in linseed oil, 
such as white lead, ochres, umbers, reds, blues, 
greens, etc., may be likewise saleable, and could 
be kept underneath the sales counter in small 
kegs, covered with a little water (renewed daily), 
and a small wooden spatula kept in each would 
serve to supply the required quantities. A 
horizontal scale or spring balance for weighing 
these will be required. 

Oddments of Stock. Painters’ oils and 
varnishes will form other items of probable 
sales in this department. These are sold by 
measure, usually by the gallon, half gallon, 
quart or pint. In varnishes the sales will 
generally be confined to three or four varieties, 
such as pale and hard oak varnishes, black Japan, 
stains, etc. Makers supply these made up in 
small sized sealed tins, for convenience of sale 
Painters’ oils and spirits are not put up in this 
form, and must be sold from bulk. 

Painters’ brushes, tools, and sundries are 
likewise saleable stock, and may generally be of 
cheaper qualities than used by the trade work- 
men, as those who buy for a mere temporary 
purpose can seldom be induced to pay the price 
of the quality necessary to the expert. 

Glass-cutting may also be a profitable branch 
of the sales department, but would be best 
conducted in the workshop. 

Profite. It will not be found profitable to 
conduct this business on a margin of less than 
333 per cent. gross—that is, one-third of the 
selling price—to represent profit, which is the 


trade discount officially arranged by the mer- 
chants and manufacturers in pricing their 
pattern- books. 

Workshop and Stores. The store and 
paint-shop may be together or separate; the 
workshop is better separate where space permits. 
They are usually situated in back premises, 
and should be convenient for delivery and des- 
patch of heavy loads by horse vans, with, if 
possible, a good yard for storage of long ladders, 
planks, scaffolding, hand-carts, empty paint 
casks, etc., and a “ lime-pit ” for slaked “ putty 
lime ” (used in repairing plaster work prior to 
painting and paberhanging. and for lime wash- 
ing); covered sheds are usually provided for 
these items. In the stores, shelving, in several 
tiers above a bench, fitted around the walls 
may contain all the dry colours—in tins or strong 
as) bags, as delivered, the more expensive 
coloured pigments ground in oil and tur- 
pentine, such as lakes, siennas, vandyke brown, 
drop black, and decorators’ large tube-colours, 
also the stock of varnishes, enamels, and the like, 
while from hooks in the ceiling should be hung 
the reserve stock of empty paint-kettles. 

Storing Stiff Paintsa. The heavy paints 
for ordinary use ground to a paste with 
linseed oil, such os white lead, ochre, umber, 
reds, blacks, driers, etc., may be stored under 
the benches, where they are casily obtained 
as required by opening the kegs, keeping 
a little water on the top of the paste to prevent 
it drying, and with a trowel or strong wooden 
spatula in each A good spring balance should 
find a place on the bench, so that every article 
taken out may be weighed and booked, to- 
gether with the name of the client or job for 
which it is taken, the same care being taken to 
book all returns, with similar particulars, adding 
the dates in each case. Near tho scale on the 
bench should be a small desk, on which is always 
to be found the “ workshop day book.” specially 
reserved for the entries just named, from wluch 
the general bookkeeping of the business may 
from time to time be accurately made up. In 
the centre of the store a square table covered 
with baize should be reserved for glass-cutting, 
and in a safe corner racks provided for glass. 

The workshop should be fitted with benches 
with one or two shelves above, and drawer» 
beneath, occupying two sides of the room, 
proferably with north and west aspects, as it is 
desirable to avoid direct strong sunlight for 
paint mixing. Nome pigments are of a more or 
less gritty powder, and occasional grinding of 
these call for the provision of a paint-mill (small 
hand-power cone mill), usually screwed down on 
the bench of the workshop, and also of a paint- 
slab, with a stone “ muller” or hand-grinding 
stone upon it. A good slab is one of thick plate 
glass, ground to a very level surface, and set 
in a bedding of cement or white lead putty, 
with ite frame bevelled off, and screwed down 
to the bench. A granite cobble stone cut into 
halves will make two good mullers or grinding 
stones. 

Oil Storage. In a corner of the work- 
shop or stores a place must be found for 
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three oil-tanks, or a stilld@q on which the 
export barrels may be placed when received. 
The former is the best plan, as there is some- 
times leakage and loss from keeping the 
oils and turpentines in the wooden barrels as 
supplied by the merchants, due to shrinkage of 
the wood. Each of these tanks may contain 
from 50 to 150 gallons of liquid, and is fitted 
with a tap near the bottom for drawing off the 
oils as required. One will contain raw linseed 
oil, another boiled oil, and anothor turpentine. 
all of which are indispensable to the mixing of 
Various paints. 

In another corner bins are required for the 
storage of whiting and plaster. These should be 
in the driest corner and kept dry by being 
slightly raised from the ground. 

A pickle cask, large enough to hold from 10 
to 20 paint-pots and kettles, should find a place 
under one of the benches. In this a solution of 
strong soda or caustic soda should be kept, and 
dirty paint-pots be placed in it as returned from 
operative work. They may be removed the 
following day, and will easily be made fresh and 
clean by washing in clean water to be ready for 
further work. 

Smudge Pots. Any old paint mixed and 
returned as surplus from work done should be 
carefully saved, and emptied into receptacles kept 
under another bench for the purpose. These re- 
ceptacles are called smudge potsa—ono is resorv 
for white, anothor for pale colours, another 
dark colours—and within a reasonable sp 
time the contents of these smudge pots 
used for ordinury work, or at later peri 
good addition to red lead paint for pri 
work, 

On the shelves above the paint-bent 
kept small jars of all usual paint ingredients, to 
be handy for frequent use, also palette knives 
and cleaning rags, of which there should he 
ample quantity, to prevent wasteful and objec- 
tionable untidiness. 

On one of the benches small articles such as 
uotice boards, door-plates, etc., may be painted 
and lettered, also any embossing or gilding on 
glass may be curried out, while the centre of the 
workshop may be reserved for pieces of furniture 
under process of painting, large signboards upon 
easels, for lettering, ete., and the two blank 
walls not yet dealt with may be boarded and 
reserved for sketching out plans of wall or ceiling 
decorations from time to time, as occasion may 
require, to facilitate the actual work whon 
operations are commenced. 

In the drawers under the paint-benches may 
be kept the decorator’s pencils, tube-colours, 
palettes, otc., also stencil patterns, gilders’ 
materials, and other small items of value, or 
for occasional use. 

In beginning business, so many articles are 
required that it is a matter of some difficulty 
to keep within small expenditure. But by 
first making sure of indispensable articles in 
minimum quantities, and by adding small 
quantities of the remaining requirements, any 
shortage or omissions can be up as 
occasion may require. 
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Stock for Workshop and Stores. On 
these lines, the following list may be taken 
a8 a minimum stock to start a business where 
work for at least half a dozen men and one 
apprentice may be anticipated. The prices are 
set doavn at fair averages, though some of 
the leading items are subject to considerable 
fluctuations according to rise and fall of markets. 


PLANT £x d. 

8 long ladders, assorted sizes, from 10 ft. 
to 40 ft. length 7 0 0 

12 pair assorted atop ladders, 5 ft., 7 ft., 
and 9 ft, 5 0 0 

2 pair 9 ft., and 2 pair 11 ft, - painters? 
trestles .. 410 0 

3 doz, scaffold planks (2 ‘in. )» aasorted, 
6 ft, to 15 ft. long~ .. 810 0 
2 paperhangers’ folding tables and trestles 2 5 0 
2 hand barrows, with steel springs -- 1410 0 


WORKSHUP AND STURES FITTINGS 
(described abovo) 


Carpenters’ work, say ws Ss . 15 Wv OU 
Paint mill, say ee ee . 38 O O 
Muller and slab, say es ois - 1 0 0 
2 strong easels, say .. oe us 1 oo 
Gas, or electric fittings, nay — 3.0 «0 
3 oil-tanks, say : 6 0 0 
Spring balance, and sundri LeR, Ray 1 0 90 
STOCK OF PAINTS, OILS, VARNINHES, BRUSHES, ete, 
Turpentine, ] barrel (3 cwt.), say 6100 0 
Raw linseed oil, 1 barrel (3 ewt.), say 416 0 
Boiled linseed oil, 1 barrel, (3 cwt.), nay 5 0 0 
White lead ground i in oil, 5 ewt. 6 5 O 
Zine white, ground in oil, 3 owt. .. ats 3.18 O 
Patont driers, ground in oil, J ewt., say 1 o 0 
Oxford ochre, ground in oil, | cwt, say ©. 1:14 O 


Raw Umbor, Burnt Umber, Venetian 

Red, Indian Red, Brunswick Greens 

(light, middle, and deep), and vege- 

table Black, all ground in oil, of each, 

] owt. (at average prices), total -- 3 10 0 
Prussian Blua, Raw Sienna, Burnt Sienna, 

Vandyke Brown, Orange Chrome, 

Lemon Chrome, ground in oil, of 

each, 7 lb. (at average prices), total... 2 15 0 
Drop Black, ground in turpentine, 14 lh, 0 14 0 


DRY COLOURS, 
French ochres, Venetian Red, Raw Um. 
her, Burnt Umber, Lime Blue, of each 


4 cwt, (at average prices), total 210 0 
Indian Red, Lime Greens, Vermilionetto, 

and Ultramarine rae of each 7 Ib., 

total... és . 110 0 
Vermilion (Genuine) 7 Ib, 16 0 
Lemon Chrome, Orange Chrome, "Middle 

Chrome, of each 7 Ib. 1 5 0 
Dry white lead, dry red lead, of each 14 Ib. 

total... ‘ie . O10 0 
10 ewt. host Paris whiting | ca - | 0 O 


VARNISHES AND ENAMELS 

5 gal. (in ] gal. tins) best copal vak var- 
nish (for outside) ‘ 210 O 

5 gal. (in 1 gal. tins) best copal oak var- 


nish (for inside) ‘ 210 0 
6 gal. (in 1 gal. tins) common oak var 

nish (hard) iis 2 0 0 
1 gal. (in } gal. tins) decorators? carriage 

varnish .. . 016 0 
1 gal. (in } gal. tins) extra pale Maple 

varnish . 014 0 
J gal. (in } gal. tins) ivory ‘white enamel 

(slow setting) .. 1 1 0 


1 gal. (in } gal. tins) snow white enamel 
(slow setting) .. ee oe - If 1 0 


£ 8s. d. 
} gal. (in j eer tins) black Japan . O18 0 
1 gal. (in { gal. tins) Brunswick black .. 0 8 0 
] gal. (in ] gal. tins) japanners’ goldsize.. 010 0 
J gal. (in J gal. tine) Terebine  .. » 010 0 
J gal, (in } gal. tins) patent knotting . 010 90 

WINDOW GILASS 
One crate, say “5 nes edi - 210 0 
SUNDRIES 

Putty (beat), picked lump pine stone, 

of each, § owt. . 1 0 0 
Pumico stone powder, 14 Ib. 0 7 0 
Glass paper, | ream, assorted sizes, (N 08. 

OU, 4, and 1) . ig 015 O 
Powder size, 4 ewt. "(beat quality) . 115 0 
Old oil goldrize, 1 Ib. . O38 6 
Gilders’ cushions, knife and 3 tips 0 3 6 
Gold leaf, 5 books; transferred gold leaf, 

8 books ae . O18 0 
Filling up composition, 14 Ib, - . O77 0 
Paint remover (solvent), 14 1b... Pe oO 7 0 


Spirit lamp for burning off old paint .. 012 6 
Paint strainers, 1 doz. (patont detachable 
gauze) . 1 oO 0 


Brush holders, I doz. (patont suspenders) 1 56 O 
Paint pots and kettles, 12 doz, assorted 

SIZOR, say a ca es aS 65 0 0 
Stencil pins, 2 doz. .. . OO fF 0 
Steel graining combs, one set in case . O 8 6 
12 covering sheets (rough shecting, 2) yd 

wide, cut into 5 yd. lengths) ; 3.0 #0 
# palette knives, 3 putty aa 3 str w- 

ping knives, say ? 010 O 


PAINTERS’ BRUSHES 
Ground brushes, sizo 4/0, 2 doz, (oval sha o) 7 0 0 
Snglish sash tools, sizes, 2, 5, and 8, 1 


each (best) : 116 0 
Bevelled varnish brushes, ‘nize 3/0, best 
lily hristles, 1 doz, 316 0 
Bevelled varnish sash tools, size 5 beat 
lily bristle, 1 doz, i . O12 0 
Dirtempering brushes, 4 doz. 2 knot, 8 
ounce, best quality .. . 2165 O 
Stipplers, 2 only, size 8 in. by 6 i in, : 1 8 O 
Hog-hair fitches (flat and round), assor ted 
sizes, 2 doz... 0 6 6 
Lining fitches, } doz. assorted, 1 in. ie in., - 
and 1 in, 0 6 6 
Stencil tools, 1 doz. ansort ed § in., and ] in, 010 0 
CGraining mottlers, 4 doz. uasorted . 0 6 0 
‘ Graming overgrainer, aasorted . ee 0 3 6 
Badger softener, size 3 in,, best quality as 010 0 


Dusting brushes, I doz... d She 1 9g 0 
GRAND TOTAL ahout . 170 0 0 


Totalling up the above figures, and adding the 
cost of fitting out the showroom and offices, 
apart from stocking the (optional) sale-shop, 
it will be seen that the preliminary outlay 
necessary to the independent conduct of this 
business in a moderately good way amounts to 
a round sum of £200, or thereabouts, including 
£30 for the showroom and office decorating and. 
furnishing, leaving a anoderate balance of £100 
in the bank out of the £300 recommended as 
starting capital with which to meet wages and 
other current working expenses, pending the 
receipt of cash returns, which should, with good 
management, steadily add to the capital avail- 
able for reasonable expansion of the business as 
the due result of technical and commercial 
ability on the part of the organiser, upon whom 
all depends. 


Continued 
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By JOSEPH G. HORNER 


A VERY precise classification of tools is neither 

practicable nor necessary, since much over- 
lapping occurs, specially in regard to large groups 
of which it is open to question whether they 
should be considered to operate by cutting or by 
scraping. A natural generalisation, however, is 
the following: tools which operate by (1) cutting, 
(2) scraping, (3) shearing, (4) detrusion, (5) ab- 
rasion, (6) percussion, (7) moulding, and (8) 
measurement. 

With regard to the classification just given, 
though it is a convenient one, yet there is no 
advantage in adhering strictly to it in a study 
of tools, which is nothing unless practical. 
For convenience it is better to regard the pro- 
cesses of cutting, scraping, shearing, detrusion, 
abrasion, a§ varieties or grades of cutting opera- 
tions. For they all have this in common, that 
they either sever, or remove, or shape material. 
The fact does not concern the machine-hand 
that the milling cutter is often a scraping tool, 
and the emery wheel an abrading tool. The 
question is, how much metal is removed, and 
how rapidly, by these tools. And so of others. 

Before proceeding with detailed accounts of 
these tools, however, a brief explanation of their 
underlying principles will be desirable. 

Definitions. The term cutting tools is 
restricted in this classification to those which 
operate as simple wedges, being incisive in action, 
or with capacity for getting sensibly under or 
into the material, and severing and removing 
a shaving or chip cleanly therefrom. Hence 
penetrative power is a@ characteristic of ull 
these tools. Scragmng tools cannot be classcu 
as wedges, because the front, or leading face. 
is either perpendicular to the surface being 
operated on, or it leans over from the per- 
pendicular. Yet there are numbers of tools which 
operate by scraping that are conventionally and 
properly considered as cutting touls. Shear, 
is an action which is strictly that of severance 
in a direction perpendicular to the object heiny 
severed. It is in some degree a cutting opera- 
tion, but is also largely detrusive. But a shear- 
inq cut is also one in which the movement of « 
chisel, or chisel-like tool takes place diagonally 
in relation to the material. eérusive action 
signifies that of a punch in the formation of 
a hole, or of a shear blade. Abrasion covers 
the work of grinding. Yet it is a truly cutting 
action, because the particles which form the grind- 
ing wheels are sharp, and penetrate, though to 
& minute amount, the material which taey remove. 
But, as their action is not wedge-like, they should 
in strictness be regarded as scraping tools. 
The foregoing constitute the great group which, 
for convenience, are fepuried as cutting tools. 


Percussive tools embrace tho hammer and 
mallet group. Many cutting tools are, however, 
invariably operated by percussion, as the axc 
and adze, the socket and mortise chisels, and 
others. Moulding tvols are those which neither 
cut, nor act by driving, but simply produce 
outlines that are the counterparts of thei 
sections, or which are approximately so. The 
moulders’ tools and those used by modellers 
belong to this group. Tools for measuremen! 
are second only in magnitude and importance 
to the cutting group. Theso have received 
immense developments in recent years, and will 
form an interesting study. 

Cutting Toole of the Chisel Group. 
The condition which produces a truly cutting 
edge is that the faces of the tool must include 
an angle of a wedge shape, which angle must be 
less than 90°, Also, the tool in which the 
faces meet at the lowest angle will have the 
keenest edge. We know instinctively which of 
the two wedges A or B [1] would be the more 
efficient in the actual divis'on of material, leaving 
out the question of strength for the present. 
Regarded as a wedge simply, the rule ws that the 
power gained by a wedge bears the same pro- 

rtion to the resistance to be overcome that 

alf its back does to its height. Or, in simple 
language, the thinner the back of the wedge. 
in proportion to its length, the greater is its 
penetrative power. 

Besides the sharp or keen edge, something 
more is wanted, some other qualitics, without 
which that of mere acuteness of angle is of no 
value. Those other qualities are solidity, 
substance, and strength to back up and support 
the keen edge, out of which arise differences 
in tool angles ; and again, methods of presenta- 
tion to the material, since it is important that 
what is termed the cutting face of every tool 
shall stand in a definite relation to the face of the 
material being eut. 

Another fact in connection with the wedge- 
like tool is that it sometimes acts by splitting, 
sometimes by cutting; and which process will 
predominate in any particular instance depends 
on circumstances. If an axe be driven into a 
thick piece of timber [1, C], it will not cut at all 
after its immediate entry, but will make its way 
by splitting the material to a little distance 
in front of the edge, so clearing a way for itaclf 
by splitting. But if it or a chisel be "p lied 
to the removal of a thin shaving, as at D, the 
action will be altogether that of cutting, the 
chisel edge penetrating and dividing the material 
with which it is in actual contact. The difference 
in the two actions is apparent from the figures, 
end it is a very. important one. Broadly, it 
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corresponds with the different modes of actuating 
the chisel, that, namely, by percussion, with 
hammer or mallet, and that by simple thrust alone. 

Chisels. We shall now trace the element 
chisel form through numerous tools in whi 
it is embodied, taking first the common chisels 
used. by woodworkers [2]. In the firmer, paring, 
mortise, socket, or other varieties, the cutting 
angles vary but slightly, the difference in the 
tools consisting chiefly in length, substance, 
and method of handling. Also, in all these 
alike the whole of the bevel is imparted to 
the top or back face; never in the least degree to 
the front, or cutting face. Directly, whether by 
design or by inadvertence, that face begins to 
be dubbed up, as the term is—that is, immedi- 
ately it loses its character of a perfectly flat 
plane—its value as a chisel is impaired, because 
it loses the property by virtue of which it is 
capable of producing a surface perfectly truc, 
and for the production of which the chisel face 
must be a counterpart of that surface. Hence, 
in grinding a chisel the bevel is always giver 
to one side only, and in sharpening, the bevel 
is renewed, or perpetuated on the one side only. 
For, though the carpenter rubs his chisel upon 
the flat face alternately with the back, he only 
does it for an instant, and for the purpose of 
throwing back and detaching the fine burr, 
or wire edge, that. is produced in the act of 
sharpening, and which, being thus removed, 
leaves a keen continuous cutting edge. 

Other Wood:-cutting Tools. The same 
remark applies to the adze [8, A], which is 
ground-chisel-like, the whole of the bevel being 
on the inner or upper face. The face which 
lies against the face of the work is not bevelled. 
But it is not flat or straight like the face of 
the chisel, because the adze is not thrust along, 
o vertically downwards like the chise]. It is 
swung in a radius, and being used in this fashion, 
the face is convex, the radius of the face very 
roughly corresponding with the radius of the 
circle in which the tool is swung. Hence an 
adzed surface is never straight, but is formed of 
a succession of depressions like minute wavelets, 
differing in this respect from the surface left 
by a plane or a chisel. 

Taking the axes [8, B), we find that there is 
no flat face which corresponds with the face of 
the chisel or of the adze, but there are doubly 
bevelled and equal edges. Hence it is not 
possible with the axes to produce a true surface 
in the sense in which it is possible to do so with 
the chisel, because the guide principle is lacking. 
And neither of these tools could be used by 
simply push or thrust alone ; the actuating force 
must be purely percussive. 

These elementary ideas respecting the mode 
of action of cutting tools will be recognised 
again presently in tools the relations of which 
to the chisel are not at once apparent. We have 
two elements—the cuiting face and the culting 
angle, the first practically coincident with the 
face of the material being operated on; the 
second ranging from 20 deg. to 35 deg. or there- 
abouts in thinly ground and thickly sharpened 
chisels respectively. 
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Forms of Chisela. Looking at the group 
of chisels in 2, observe the high degree of 
specialisation to which they have attained since 
the days of the old bronze users. The firmer, A, 
paring, B, mortise, C, socket, D, coachmakers’, E, 
or millwrights’, carvers, F, and the turners’ [4, A), 
are each different in substance, mode of hand- 
ling, and of use. 

The only difference in the firmer, A, and the 
paring chisel, B, lies in the length. They are both 
thin and light, but the paring tool is about twice 
the length of the firmer, and is used for shapin 
over large surfaces, across which the firmer woul 
not reach. The mallet is frequently omployed 
to actuate the firmer chisel, but is seldom used 
for the paring tools. The maillwrights’ chisels 
are as long as paring tools, but about twice as 
stout, and they are employed for the heavy 
toothed-gearing and other work about mills, for 
which the lighter chisels would be unsuitable. 
The coachmakers’ chisels, E, are a compromise 
between the millwrights’ and the firmer tools, 
being used indifferently by hand tbrust and by 
malleting. 

The mortese chisel, C, is, as its name implies, 
designed for cutting out the mortises in timber, 
and is always driven to its work with the mallet. 
The socket chisel, D, derives its name from its 
peculiar mode of handling. The tool, instead of 
being tanged, as is the case with all other chisels, 
is provided with a socket into which the handle 
is driven, in this respect being a survival from 
the ancient days of the bronze users, for they 
socketed nearly all their chisels. F' is a bent 
mortise chisel, the lock mortise or dog leg chisel. 

The turning chisel [4, A] is a peculiar example, 
and forms almost a group by itself, the only 
tools approaching to it in form being the timber 
scribe, and carvers’ corner chisels. It is 
doubly bevelled like the axe, and its edge is 
bevelled transversely, so that the tool cuts in a 
diagonal direction. It is placed at a tangent to 
the work, and the action when in this position is 
purely cutting, never scraping. In skilful hands 
it is a most clean-cutting and efficient tool. 
A very wide chisel with a single bevel is the draw- 
ae B, used for roughing down edges and narrow 
aes. 

There are a considerable number of chisels 
made for special trades, the most curious of which 
are carvers’ chisels [5], in which, in consequence 
of the irregular character of the work, various 
outlines are given to them. The chisels are 
straight, and bent (5), A, and right and left hand 
corner, B, and ©. The vee tools, D, E, F, or parting 
tools, are like double chisels, and are used for 
working out vee-shaped grooves and angular 
corners. These are also straight and curved, and 
of more or less acute angles. 


Chisels for Metals. The engineers’ 
chisels for metal are all formed on the same t 
as the cold chisel (6, A]. This is a doubly bevelled 
tool, always driven by the percussive action of a 
hammer, asatF. It does not split at all, but cuts 
by the edge only, so severing just so much of the 
material as it is in actual contact with, differing 
in this respect from the axe and hatchet, which, 
operating on soft and fibrous timber, split and 





RAPA Can age: 





og) 


CG 





TOOLS 
btuse angle] wedge Bp Au acute ungled ditto o Axe cleaving timber : Chisel ror vary thin ap wo A Firteerchinl & Pasloy chisel 
chisel p Bucketchisel y Cm Timakers chia lo yr Lock mortis hisel $} a Ada on Ax 4 4 Turningchis! s Drawknife 5 a Curvers 
wand« Right and left haid ccrner chisels bv f£. Straight parting toils v Bent parting tool 6 a Cold chisel mn Cross cut chis ! 
aa bp Cuwmouth cr hollow chisel «x Round nose y Action of the cold him! chippirg metal 7 « # Sette differently handled 


fc 
te 


ond 

s hollow nett or gouge v tt ised uuder steam x Sei «. Anvil chisel or auvilcutter 8 42 Ot taide firmer gouge B Inside paring gouge 
Carvers straight gouge 8 Carvers goige « Bent gotye p Hack hent gouge 10 A Plane iron and atixck in section 1) Spokeshave in section 
Section of round v g@ Section of hollow plane Section vf moulding plane 13 a Typi al inetal turning tool s Graver in section tilted at 
angie c Dittoaflow angle p Ditto normal + Ditto tilted giving negative rake ¥ ‘To | with little tp rak« cutting crystalline metal o Tool 
pied iron tle-edyal shavings 14 a. Right and left hand touls for turning or planing » Right hand off set tool ¢« Hight and left haud cranked 


groan 
fiers 
7 


D tool or diamond point x Parting to! vy Right and left hand knife tools 15 a Luuble ended slotting tool m Diamord 
point stotting tool u. Round nose slotting t oi 4151 


MECHANICAL ENGINEERING 


divide the grain in advance of the cutting edge. 
Cast and wrought iron, steel and brass are attacked 
easily with the cold chisel. Its edge may be 
straight, or slightly convex crosswise, but never 
hollow, since that would cause the tool to draw 
in. There are other chisels made on the same 
principle, but named according to their spevific 
purposes or forms, as the cross cut or cape chisel 
{6, Bj, the diamond point or nicker, C, thé cow- 
mouth, D, the round nose, E ; and the smiths’ hot 


and cold setts [7, A to D], anvil chisels [7, E], etc., “ 


all of which are operated percussively. 

There is a group of turning chisels for wood 
which do not cut at all, but simply scrape, their 
faces being presented normally to the tangent of 
the surface of the work. These embrace the 
firmers, the round nose and side chisels, the 
hollow chisels, and other tools of special outline, 
the edges of which are the counterparts of the 
profiles of ornamental turned work in hard 
woods, ivory, and metals. 

Gouges. Gouges, which are a large family, 
are strictly chisels, differing therefrom only in the 
plan view of the edge, which forms a curve or 
sweep, more or less flat, or quick. Hence the term 
“hollow chisels’’ formerly applied to them. 
Necessarily, gouges are made in an extensive 
range of curvatures. A gouge of very large radius 
is flat, one of very small radius is quick ; middle 
feat designates some intermediate curves. But 
there are six series of curves made, so that a 
gouge of any width can be had in six different 
curvatures. The widths made range from 3 in. 
to 2 in. Almost every type of chisel has its 
counterpart in a corresponding gouge, so that 
there are firmer [8, A], paring [8, B], carving [9], 
millwrights’, turning, ctc., all having the same 
characteristics as the chisels. There is one other 
distinction, however, of importance, and that is 
the division into inside and outside gouges, 
according as the bevel of the tool is ground off 
on the inside or outside sweep. Paring and 
millwrights’ gouges are ground on the inside ; 
firmer, carvers’, and turners’ gouges upon the 
outside. The former are therefore used only for 
straightforward cutting ; the firmers and carvers 
are employed for shaping concavities. The 
turning gouge operates along a line simply, the 
work revolving. 

Handlea. The handling of these tools is 
that which is best adapted for their special 
work. The mortise and socket chisels [2,C, D] 
are provided with the stoutest handles of all, to 
withstand the shocks due to continued and hard 
percussion ; the firmer [2, A] and carvers’ and 
parting tools [5] are lightly handled, their out- 
ines varying with taste and convenience. The 
turning tools ¢4, A] have long handles to enable 
the workman to maintain firm grip and leverage 
against the shocks and forces tending to throw 
them away from, and to damage, the work. 

Planes. The tools hitherto considered have 
no control save that afforded by the steady 
coercion of the workman’s hands, maintaini 
due pressure between the tool faces and the 
faces of the material. In the planes a great 
advance is made. Set and coerce a chisel in 
a stock of wood or metal, and we have the plane 
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which produces accurate surfaces, the stock 
exercising the necessary control. But in the 
planes we meet with an apparent departure from 
the principle previously stated that the cutting 
face of the chisel should be as nearly as possible 
coincident with the face of the material. The 
cutting irons of most planes are set at an angle of 
45 deg. in their stocks [10], the exceptions being 
unimportant and few, chiefly affecting planes of 
a special character, and some of those used for 
hard woods. In the spokeshave [11], which is a 
kind of bastard plane, exact coincidence exists 
between the cutting face and the face of the 
material, yet the spokeshave does not approach 
the planes in value. The reason is apparent. The 
want of coincidence of the faces of tool and work 
receives compensation in the planes by the stock, 
the long face of which coerces and controls the 
iron, rendering ita cutting action practically 
identical with that of a chisel, while the spoke- 
shave embodies the guide principle only in a very 
minute degree—so little, in fact, that though it 
cuts sweetly, it is unable to produce accurate 
surfaces. 

The efficiency of the plane, therefore, is due 
to its stock, in the absence of which the iron. 
being set at an angle, would be drawn in, and 
follow the course of the timber grain, curly or 
otherwise, much as an unassisted chisel tends 
to do when working lengthwise of similar 
grain. But it would be impossible to remove 
shavings and produce a true face on curly 
stuff if the plane-iron were set like that of a 
spokeshave; the timber would be torn up 
whenever the iron met with cross grain. Its 
action would be too wedge-like, too much like 
that of a knife. Actually, on very hard and curly 
material, the ordinary plane has to be set very 
finely, and used with care, and then to be followed 
by the scrape, in order to obliterate the marks 
of the torn up grain ; and for this reason planes 
used cxclusively for hard woods are some- 
times made of a more upright pitch than those 
for ordinary woods. For these reasons a 
plane whose iron should be set at a lower angle 
than that ordinarily employed would be useless 
for all except the softest and straightest grained 
woods. In veneers, which have very curly 
grain, the surface is prepared for the glue by 
w toothing plane, with the face of its iron per- 
pendicular to the surface of the work, scraping 
it absolutely. 

Actually, however, the angle of the cutting 
face of a plane-iron is not so high as it might 
appear to be at first sight. The angle of pre- 
sentment of the iron is not that at which it 
is set in the stock, but that at which the bevel 
is ground and sharpened. The first is about 
45 deg., the latter seldom more than 10 deg. 
or 12 deg., oftener perhaps, 5 deg. or there- 
abouts, as sharpening is repeated. This, how- 
ever, would be quite enough to lead or draw the 
chise] edge inwards without the coercion afforded 
by the stock. 

The Top Iron. Necessarily, the setting 
of the iron at an angle in the stock deprives 
ita cutting edge of some measure of that support 
which the true chisel has when its face is 


‘coincident with the face of the work, and so makes 

the action of the plane approach remotely to 
that of scraping. But here two agencies come 
into play ; first, the rigidity of the stock itself, 
secondly, the influence of the top tron [10]. The 
latter is screwed tightly down on the face of 
the cutting iron, almost close down to the 
cutting edge, and imparts such rigidity thereto 
that no chatter of moment takes place when 
cutting. This is one function of the top iron ; 
another is the breaking of the shaving, the 
shaving curling up the convex end of the top 
iron with the minimum of friction [10]. But 
when an iron stock is employed, it is usual to 
employ a single cutting iron only, which also 
illustrates the influence of the rigid top iron in 
lessening chatter; for the iron stock is more 
rigid, more free from elasticity and vibration 
than the stock made of wood, and there is thus 
less need to use a top iron, which is often then 
discarded. We shall mect with this question of 
rigidity and of curling off of the shaving again 
in the metal-cutting tools. 

The analogy between the plane and the chisel 
and gouge is seen further in the straight and the 
profiled forms imparted to the edges of the 
irons. Planes producing straight faces are the 
jack, trying and smoothing, the jointer, and 
panel, the rebates, ploughs, and filisters. The 
rounds and hollows |12, A and B] produce concave 
and convex edges ; the various moulding planes, 
edges of numerous profiles, (. Difficulties in 
cutting arise in the last-named, because the 
proper cutting angle cannot be maintained ta 
all sections of the profile, and the planes in 
consequence drag and work hard, as do hollows 
and rounds in a slight degree. But these have 
been largely displaced by rotary machine 
cutters, which always act by simple scraping, 
the faces of the cutters standing perpendicularly 
to the faces of the mouldings being stuck. 

We learn from the plane that, provided the 
action of the cutting chisel is rigidly coerced, 1t 38 
not necessary for guidance that the flat face of 
the tool should coincide with the face of the 
material bemg cut, as it is in the chisel when 
hand operated. The control is transferred to 
the stock. Also, that beyond the wedge form 
of the tool there is really little in common 
hetween the two classes of tools. We have the 
curling up and free ckit of the shaving on one 
side, and the clearance between the lower edge 
of the iron and the maternal, both of which are 
essential to sweet operation, and there is the 
essential of rigid fixing. Again, it is of no im- 
portance whether the bevelled edge of the iron 
is lowermost in the stock, as in the wooden 
planes [10], or the plane face lowermost, ax in 
many of the iron ones. The plane will now 
help us to understand the action of the metal- 
cutting tools. 

Turning and Planing Tools. 
Although there is no essential <‘lifference in 
the chisels and cognate tools used by the wood- 
worker and the chisel-like tools of the turner 
and metal planer, yet the work of the latter is 
more or less a mystery to the former. Acquainted 
only with the keen chisel, easily operated by 
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the hand, the shaving of hard metal seems 
to be due to some occult virtue in the material 
of which the tool is formed; the analogies in 
form being somewhat disguised, are overlooked. 
Even so, the constant use of tools for metal 
working tends to blind the engineers’ machinist 
to the real kinship between those tools and the 
ones pe te by the carpenter; cach, how- 
ever, is akin to the other. 

A Typical Tool. Examining now the 
formation of the tools used for turning and 
shaping metal generally, the wedge form is 
still obvious, but 1t 1s modified by other essen- 
tials. Taking the typical roughing out tool 
in profile, as used for iron and steel [18, A], the 
tool angle, a, is a true wedge, though much more 
obtuse—from 50 deg. to 70 or 80 deg.—than the 
corresponding angle of a chisel, or @ plane-iron. 
Tt is, however, no more obtuse than is necessary 
for its permanence of service. The carpenter's 
chisel would not endure for a moment ; the engi- 
neer's tool retains its edge for several hours. The 
angle 6 is the clearance angle, or bottom clearance, 
and should be only just sufficient to prevent 
such friction between the tool and the work 
as would involve wasted energy and undue 
heating. lf the clearance angle is made ex- 
cessive, then, in order to leave a sufficiently 
thick tool angle, a, to the cutting edge, the angle 
¢ of top rake, or front rake, has to be diminished, 
and this is an evil. It is a principle that the 
nearer the line d e approximates to the tangent 
{g. or to a plane face being cut, the more nearly 
perfect is the action of the cutting tool. Actually 
the angle b ehould not exceed from 3 deg. to 6 deg. 
for iron and steel, any alteration after this 
for harder or softer metal being made in the 
inclination of the line de. For hard steel, and 
steely cast iron, the angle ¢ must be small—in 
other words the tool angle a will be large ; for 
wrought iron and mild steel, the angle ¢ will be 
Jarger and a smaller. In the latter the purely 
cutting action will be more pronounced than 
in the former. 

The Graver. The facts just stated have 
so vital a bearing on the efficiency of cutting 
tools for metals that it is well to put them in 
another way. A suitable cutting angle or tool 
angle, a, is only one of the essential conditions. 
Take as an illustration the elementary form of 
the graver, the old hand turning tool for metal 
118, Bto E}. Tts relation to the tool held in a 
slide rest or tool holder is shown below by the 
dotted section at F. Now, even though the 
angle a is not varied, very different results will 
follow with different angles of presentation, 
which will alter the angle of top rake c, and that 
of bottom rake or clearance b. (Compare with the 
preceding figure at A. If the tool is raised, as in 
D or E, it will not cut, but scrape only, and ita 
edge will be rapidly abraded. Or if lowered 
as in C, though the top face would give more 
freedom of escape to the shaving than at B, the 
lower face would have less clearance. 

Hence results depend very much upon tho 
manner in which the tool is presented to the 
work. Though the broad rule is that the top 
face of the tool should approximate as much as 


4158 


MECHANICAL ENGINEERING 


possible to the plane of the face or surface 
which is being cut, or to the tangent to the same, 
this rule is not invariable, since it is modified 
by the nature of the material. The harder and 
tougher the quality of the latter, the more essen- 
tial is the observance of the rule. The more 
brittle the material, as at F, the less necessary. 
The reason is to be found in the fact that material 
which is hard, tough, and fibrous yields shavings 
which are strong and difficult to break. They 
come off in long spirals or ribbons, G, often 
many yards in Ten gth. If they can slide off 
unbroken from the sloping face of the tool the 
latter is not charged with the extra severe and 
unnecessary task of breaking up and comminut- 
ing the shaving into small chips, but is able to 
fulfil its legitimate function of dividing or cutting 
economically. A tool which has to break its 
chips is subjected to extra strain, and, what 
is of far more consequence, becomes unduly 
heated. Rise of temperature limits the cutting 
capacities of a tool enormously, and, therefore. 
whatever tends to diminish friction and lessen 
heat favours its cutting power. The bending 
over of « shaving without causing its fracture is 
thus a very important element in a cutting tool. 
It is seen not only in the metal-working tools, 
but in the carpenter's planes. The “ irons,” 
as we have seen, are set at such an angle that the 
shavings creep out in continuous lengths. . 
Solid Toole. The tools used in metal 
cutting are not usually set in such a way that 
their axes are in the same plane as the faces of 
the work. This would be far too inconvenient. 
The necessary form is imparted by forging and 
grinding in the case of solid tools. Exceptions 
to this rule of imparting tool angles by forging 
and grinding occur in the case of tool points, 
held in tool-holders, or cutter-bars, and in the 
case of hand-operated tools (13, B to E], not- 
withstanding that the essential angles of 
presentation to the work are alike in each. 
Forms of Tools. Again, though copper 
and lezd can be cut and turned with the tools for 
operating on wood, the case is very different 
when iron and steel are concerned. The power 
required to cut hard metal is immensely greater 
than that absorbed in cutting wood and soft 
metal. Thus a Whitworth lathe removing cuttings 
from mild steel at a rate of 50 feet per minute, 
the cuttings having a section of # in. by } n,, 
absorbs the enormous amount of power supplied 
by a 60-horse power electric motor. For this 
reason the broad chisel edges of the wood- 
worker, represented, say, by a 14-in. chisel, 
or by a 4-in. axe or adze, are scarcely used 
by the metal-worker, except for the finest 
finishing ; the stress and the force required for 
operating would be too great. Therefore, narrow 
edges are the rule, not exactly points, but edges 
of a sensible width, seldom, however, exceed- 
ing }in. or Zin. in width when metal has to 
be removed in considerable quantities, and 
generally less than } in. in width. A group 
of these tools is shown in 14 and 15, being 
straight forward and right and left handed, etc. 
Many are used on lathes and reciprocating 


machines alike. Some are special to a particular 
machine, but however their shapes in plan vary, 
their sectional forms are based on the principles 
just explained. 

Cranking. What is termed the “ cranking ” 
of the tool is quite independent of its cutting 
action. Its purpose is to prevent the tendency 
to hitch which is present when the tool is thrown 
backwards during heavy cutting, which hitching 
cannot happen when the tool point i3 in a line 
with the back of the shank because it then 
strikes off, in the case indicated, by the dotted 
line 4 [18, A]. This peculiar function is not s0 
necessary to lathe work where the circular 
outline of the work receding from the tool prevents 
risk of a hitch. But in planing and shaping 
machine tools operating on flat surfaces the 
tendency to catch is always present, and then 
the cranking of the tool is a necessity, unless, 
as is often now done, the tool is made of a 
very stout section. Another reason is that the 
labour of grinding is lessened, and the necessity 
for reforging does not occur so frequently. 
If the tool were not hollowed out on the 
top, the repeated grinding of the top face would 
soon cut out a deep angle into the bar, which 
would be weak and give trouble. Being 
hollowed, the top face can be ground many 
times before the hollow is lost, and reforging 
required. 

By means of seaih Al patty chisel-like tools 
formed on those principles the largest majority 
of engineers’ work is cut. By a succession of 
cuts of narrow width and of greater or less 
depth, the largest surfaces are operated on. In 
the width of an inch the number of successive 
cuts, or feeds, will range from about four in 
heavy tooling to 40 or 50 in very light work. 
When increased cutting is done it is generally 
depthwise, depth of cut, rather than in width, such 
being found more economical. 

Slowness of Operation. All conditions 
being equal, the harder the matcrial the slower 
the speed, and the smaller the quantity of 
material removed in a given time. It is the 
principle of work in one of its many applica- 
tions. Deep cutting at high speed is practicable 
in woodwork, but not when metal is concerned. 
The heat generated would be so excessive that 
the tool would lose its cutting edge almost 
immediately and become very hot. And the 
work, too, if of small dimensions would become 
hot and distorted, so that when it resumed its 
normal temperature it would not be of correct 
shape or dimensions. Actually, it would be 
correct to say broadly that the generation of 
heat sets the limit to the speeds used for cutting 
metal with tools of temper carbon. This is very 
much affected by the forms of the tools them- 
selves, and the efficiency or otherwise of the 
lubrication adopted; but when all is done that 
is possible in these conditions the limitations 
of speed are soon passed. There are certain 
8 suitable for cutting each kind of metal or 
alloy, and though these vary with the conditions 
just named, they cannot under similar conditions 
be exceeded to any considerable extent. 


Continued 
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By Dr..A. T. SCHOFIELD 


WHat is water? A fluid or chemical com- 

pound composed of two parts of hydrogen 
to one of oxygen, the three volumes being re- 
duced to two in the compound and represented 
by the formula H.O, is the theoretical answer. 
Such a fluid is hardly ever met with in a natural 
state in all the waters that are found on the 
earth’s surface. Distilled water is sometimes of 
this composition, but not always. The compound 
is also pure when artificially formed by clectro- 
lysis from the two gases. 

Properties of Water. The properties of 
water are peculiar—it freezes (ice) at 32° F. and 
hoils (steam) at 212° F. It attains its maximum 
density, or greatest weight, shortly before freez- 
ing. at 39° F. It therefore sinks to the bottom, 
and getting colder rises to the surface again 
to form ice as it becomes lighter. 

The weight of water is 770 times greater than 
that of air. As we have said, water boils at: 
212° F. (when the barometer is at 30°) and 
becomes steam and increases to 1,600 times its 
own volume. In vacuo (or without atmospheric 
pressure) water boils at 32° F. An increase of 
2) atmospheres raises the boiling point to 
418° F. 

Water has a “skin,” due to surface tension, 
on which many aquatic insects are light enough 
to move about without getting wet, breaking 
through it with difficulty. This “skin” is 
clastic, and tends to contract in all directions. 
Tt gives a spherical form to tears and rain- 
drops, 80 that we get the greatest bulk with 
least surface. Water has the toughest skin of 
all natural fluids except mercury; it has also 
many other qualities, such as incompressibility, 
of use in hydraulics. 


Sources of Water. We now proceed 
to consider the sources of the various kinds of 
fresh water, which ultimately come from rain. 
Rain-water cither flows on the surface of the earth 
or sinks in, and this forms upland surface waters, 
rivers, springs and wells. It originates in 
clouds, which are mists formed of water distilled 
from the sea by evaporation. As the atmo- 
sphere is cooled, what is called “saturation point ”’ 
is reached, and the air can no longer contain the 
moisture, which collects in drops and descends 
as rain. If the point of saturation is not 
reached above 32° F., the water falls as snow 
[see GEOGRAPHY, pages 294 and 456]. 

Rain-water is, of course, theoretically pure— 
that is, nothing but H.O. It may be so some- 
times in the clouds, but is not so as we know it ; 
for, as a matter of fact, it receives many impurities 
from the lower air before it reaches the ground 
at all, and thus contains nitrates, ammonia, 
spores, germs, and various solid bodics, besides 


salt and sulphuretted hydrogen. As England is 
an island, the amount of salt in rain-water here 
is large, amounting to as much as two grains in 
a gallon, while the nitrates are only ‘007 per 
cent. 


Quantity of Rain-water. Thc amount of 
rain-water that now falls is deficient in quantity, 
but is supplemented by the vast bodies of fresh 
water existing in lakes, etc., and underground. 
Even if more were lost the rainfall is not sufti- 
cient to supply 50 people per annum. The 
annual average of rainfall in Great Britain for 
20 years is 364 in.; locally it varies between 
20 and 70 in. annually, eastorn coasts being the 
driest, and western hill districts, like the English 
Lakes, the wettest. To find the quantity of the 
rainfall, multiply the area of the surface in 
square feet by half the rainfall in inches ; this 
gives the amount of gallons. One inch of rainfall 
equals 101 tons per acre. The number of inches 
multiplied by 14} gives the number of million 
gallons per square mile. One inch of rainfall 
is 44 gallons per square yard. The rainfall in 
the wettest vear ix double that of the driest, 
and one-third above the average. To find the 
rainfall on a roof, take the horizontal area of the 
roof, with a slight allowance for evaporation, 
and apply the rule as above. A roof of 60 
sq ft. horizontal measurement with a rain- 
fall of 30 in. per annum will collect 2} gallons 
a day. These formule are simple and easily 
remembered. Rain-water to be drunk must. be 
filtered and stored in a tank, preferably of neither 
metal nor wood. As rain-water falls it becomes 
aerated to vome extent, which is an advantage. 
Out of 30 in. of rainfall, nearly two-thirds (19 in.) 
sink into the ground. 

Of course, all the impurities gathered by rain- 
water as it falls through the lower air are multi- 
plied a hundredfold, until the roof is washed 
clean. The first water off a roof should therefore 
always run to waste, and the rest be stored. 
Automatic separators are ingeniously contrived 
to effect this. Rain-water is not palatable, and 
is never a favourite beverage, though some 
countries have to depend almost wholly upon it. 
It is best stored in slate, but when kept a long 
time, as at Gibraltar, Jerusalem, and elsewhere, 
it is preserved in covered underground cisterns. 
The gapacity of the tank should be two gallons 
for every square foot of the roof. 

Upland Surface Water. Upland surface 
water we find in lakes and ponds in higher lands. 
The water is generally pure and soft, but con- 
tains a considerable amount (3 grains or more per 
gallon) of vegetable matter. It is often artifi- 
cially stored by dams on the moors, and is there- 
fore sometimes peaty in colour and taste. It is 
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being increasingly used, and is supplied from 
lakes to Liverpool, Manchester, Glasgow. etc. 
Though excellent for washing, its chief danger is 
that common to all soft water—dissolutign of 
some of the lead of the pipes through which it 
flows. It is probable that, ere long, with the 
increasing impurity of the Thames, some upland 
surface water will have to be supplied to London. 

River Water. Rivers are naturally pure, 
and their water is harder than the surface 
water, but less hard than spring water. There 
is great danger of contamination from the banks 
and towns. No river in England is long enough 
naturally to purify and completely deposit the 
sewage that falls into it. The natural process of 
purification is performed by vegetation, which 
oxidises it by dilution and by precipitation. 
The deadly micro-organisms (typhoid) which may 
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1. DIAGRAMMATIC SECTION THROUGH LONDON BASIN, SHOWING STRATA AND UNDERGROUND 





Shallow well water is very hard, nearly always 
impure, and often foul from sewage. P 
spring well water is pure, and may be hard or soft. 

Artesian Wells. Of very ancient origin 
in the East, these may be called artificial 
springs, for where the pressure on the subsoil 
basin is very great, the water rises at once to 
the surface, and may even do so in the form 
of a jet. 

A good illustration of the way water lies under- 

und is found in what is called the London 

sin [1] 

The extent of this basin may be judged 
when we know that the southern outcrop of the 
town greensand is at Sevenoaks and the northern 
at Dunstable, a distance of 40 miles. It is 
believed that the water of a well in Trafalgar 
Square, 390 ft. deep, flows into the ground in 
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abound at a sewage outfall, instead of multiply- 
ing as they would do in pure water, soon decrease 
and die out as they are preyed on by the numerous 
large bacilli that abound in river water. Here 
we reach a great truth to which we may allude 
again—viz., that the pollution of a large river by 
infective germs 1s of little danger compared wit 
the contamination of wells and streams; in 
the former the oo tend to disappear, in the 
latter, to multiply rapidly. 

Springs and Wells. Shallow wells 
catch the ground and subsoil water ; deep’ wells 
tap the water stored beneath impervious strata. 
Shallow wells are generally under 50 ft. deep, 
but one only 30 ft. deep may pass through 
rock and tap “deep well” water. The depth 
of a well is supposed to equal the radius of the 
circle which it drains, but this varies more or 
less according to the character of the soil. 
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Hertfordshire. In the chalk thore is a “ fault ” 
west of Hendon which allows a great deal of 
water from the chalk outside this area to enter 
the Thames near Reading ; some 300,000 gallons 
also enter the river daily near Windsor. 

All the water in this batin below the London 
clay is generally good though mostly hard ; 
above the clay it is fouler, at any rate suspicious. 

Shallow Wells. All shallow wells in 
London are now foul and dangerous, and in 
villages they are often the same. 

The best rocks in England for yielding good 
water cre chalk and new red sandstone. The 
site of a city is generally determined in tho 
first instance by the water supply. Subsoil 


water varies in height according to the time of 
ear. When it is high, as in March, it is un- 
ealthy; when low, as in October, it is 
healthier. 


Coming now to the country, shallow wells are 
very common in cottage gardens, which fre- 
quently contain two holes only a short distance 
apart, one in which sewage is stored, and 
the other from which water is drawn. As the 
ground is porous, the result is that the water is 
really dilute sewage, though it appears light 
and sparkling, and may not even smell till it 
has stood a little while. It may be drunk for 
years if no contagious germ has fallen in, for 
it is not necessarily infectious. 

Wells in which the water-level is easily de- 
pressed by pumping are the most dangerous, 
as they will suck water from 20 to 100 times the 
distance of the depth of the depression. The 
alteration of the level of the subsoil water is 
often a danger. When low, the sewage and the 
well water may remain distinct ; when the water 


rises it may connect the two. 
Foul Wella. Pollution of a well 
depends on: 


(1) Its position as to cesspools. 

(2) The amount of depression of 
water-level by pumping. 

(3) The porosity of the 
around. 

Foul wells show their impurity best 
after rain, also if the water be kept a 
short time, or is a httle warm.  Vill- 
age wells should be sunk on a level 
ubove the source of possible pollution, 
and at 200 times the distance of their 
depth from any possible source of 
impurity. The mouth should be 
covered, and the well should be level 
with the neck for the first 30 ft. and 
fitted with aniron pump. The pump 
in called a “suction pump’’ if the 
water has not to be raised 25 ft, 
which is about as high as it will rise 
by atmospheric pressure. It is called 
a ‘force pump” when the water is 
over this depth, and water has then 
to be “forced” up by pressure. In 
this case buckets, being cheaper, are 
generally used. 

Deep Wells. Decp wells, to en- 
sure purity, should always be bricked 
down to the impervious stratum 
through which the well is lined and 
through which the surface water can- 
not pass. This precaution was omitted in a 
well near Liverpool], bored through new red 
sandstone, with the result that it drained all 
the shallow wells around. These were then 
practically cesspools, and naturally fouled the 
deep well. An elaborate system of drainage 
had to be devised, and it was four years 
before the deep well could be used again. 

In deep wells nitrates are found, but the water 
is otherwise pure and quite sterile—t.e., free from 
all germs. As already pointed out, this is not 
such a safeguard as it at first appears; for if 
i dare or other germs should get access to it, 
they thrive incredibly, as there are no other 
germs to seeing cic nor any light or air 
as in rain-water, The air in water is generally in 
the proportion of 1°8 parts of nitrogen to 1 of 
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oxygen, a different proportion to that in the 
atmosphere. This dissolved air gives water a 
pleasant taste, which is absent in boiled water 
containing no air; the latter can be made palat- 
able by pouring it through toast. . 
Drinking Water. Good drinking water 
should be selected from the purest sources, and 
should have no taste, smell, or colour. If the 
quality of water apes doubtful, set a glass 
aside in a warm, dark cupboard for two days ; 
if it becomes cloudy and smells, it is bad. 
Water varies according to its source: from 
alluvial soil it is generally impure ; from chalk 
soil it is generally good, with temporary hard- 
ness ; from limestone it is good, with permanent 
hardness ; from millstone grit it 18 pure and not 
hard ; from granite and the primitive rocks it 
is pure, but may have salt dissolved in it. 
Water from springs, deep wells, and 
upland surfaces is wholesome; that 
from stored rain and lowland surfaces 
is suspicious. Shallow well water and 
sewage rain-water are dangerous. 
Water Supply of Towns. 
We now turn from the varieties and 
qualities of water to the water supply 
of towns, which is as follows in round 
figures : 
‘| London 


30 gallons daily per head 
Edinburgh 40 - 5 ey 


Co Dublin 35 4g gs bs 
FINE SAND 


array, + 
. ¢ - oe 
. . 


‘| Glasgow 50 a re Se a 
Berlin 5 rT) 99 oD 
Vienna 22 
Sheffield 20 " i fie cca 

Hospitals have 60 to 90 gallons 
daily per head. 

Four gallons daily per head is the 
absolute minimum possible, and fifteen 
gallons daily per head is the practical 

ga Minimum all round. The amount 
aoa consumed daily per head is 100 
ounces, one-third being in food. 
psy = London is supplied with 120,000,000 
gallons daily, but 15 gallons per head 
ere lost daily in transit A waste- 
detector placed in Lambeth has saved 
14 gallons per head per day The 
best supply 1s 25 gallons daily per 
head for private, and 10 gallons for 
public use. 

Impurities in Water. The impurities found 
in water are obvious—a matter of great importance. 

Various minerals are held im water termed 
pure, rendering it thereby hard or soft The hard- 
ness mn water is called ¢emporary if it 1s due to 
carbonate of lime, and permanent if due to sul- 
phate of lime and salts of magnesia. Of course, 
carbonate of lime in common chalk is insoluble, 
but with the addition of some carbonic acid it 
becomes bi-carbonate, which is soluble. CaCO, 
(chalk) + CO, = Ca,CO, = bicarbonate. This 
change is effected by rain-water, which contains 
CO.,, by wera | the surface of chalk; hence, to 
precipitate the lime, all that is needed is to draw 
off the CO. by boiling. This precipitated chalk 
produces temporary hardness and forms the 
principal part of the fur on boilers and kettles. 
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Hard Water. One degree of hardness is 
due to 1 grain of salt per gallon, as shown by 
**poap test’; it requires 1 extra volume of soap 
solution to make a lather; hence 5 volumes of 
soap solution are required to make a lather in 
water with 24° of hardness. Each degree of 
hardness requires 2? ounces extra of soap, to 
make a lather, to each 100 gallons of water. 
Water up to 20° of hardness is not injurious to 
healthy people if it be temporary or due to 
bicarbonate of lime only, though it may be 
harmful to gouty persons. Water should not, 
however, for health have above 50° of per- 
manent hardness or sulphates (not deposited b 
boiling). Water with hardness up to 6° is all 
called soft. 

Hard water soon blocks up boilers and pipes, 
and is a cause of waste in many ways. Nearly 
one-third of all the tea used in London is wasted 
by hard water; and Glasgow, when it substi- 
tuted the soft water of Loch Katrine for hard for 
washing purposes, etc. saved £36,000 in soap alone 
per annum. In cooking 5 
(especially boiling), the 
salts get deposited in 
meat and vegetables, 
making these hard and 
indigestible. 

The fur in boilers is a : 
source of many troubles. It 
corrodes the metal; it is a 
non-conductor of heat and 
wastes fuel; it coats the 
food; it prevents solution ; 
it lessens the size of pipes ; it 
allows the sides of boilers to 
become red-hot, and they may 
crack and explode. Clark’s 
process softens water by 
adding enough lime to com- 
bine with the CO, and to 
precipitate all the carbonates. 

But it only removes tem- 

porary hardness. Maignen’s 

Anti-Calcaire adds lime, alum, 4 

and carbonate of soda, carries 

down all organic refuse. is said 8. PASTEUR-CHAM- 
to remove most of the perma- ar FILTER 
nent hardness as well, and pre- 3° liye “Parnes 
vents the crusting of boilers. under pressme 4 
Professor Nesfield’s process }oreeialn chamber 
purifies drinking water of all percolates 4 Outlet 
organic and dangervus de- /0r filtered wate 
posits by adding iodine, and then converting this 
into a soluble salt by a salt of soda. It claims 
to kill all bacteria in water in one minute, and the 
water afterwards is clean, harmless, and palatable. 

Source of Impurities. Pure rain-water 
only contains half a degree of hardness. Most 
rivers are hard; the Thames contains 15°. 
Hardness in water is bad for gouty people, and 
maps of the British Isles are prepared showing 
where the water is hard and where soft, so that 
people may select their place of residence 
accordingly. & 

Impurities in water may be produced (1) at 
the source; (2) in transit ; (3) in distribution ; 
(4) in storage. 
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Lead and Iron. The first, and perhaps 
the most dangerous impurity is lead. Permanent 
hard water soon forms a deposit of sulphate of 
lead inside the pipe, and thus protects it from 
being dissolved ; but chalky water attacks lead, 
while soft water soon forms an oxide of Jead, 
which is soluble in water. This is detected at 
once by adding sulphuretted hydrogen, which 
produces a brown coloration. The action of 
water on lead is not yet wholly understood. 
The soft water of Loch Katrine transferred to 
Glasgow acts on the lead, and yet there is no 
poisoning. Heat, pressure, and stagnation 
favour the action of lead in the water. Proper 
filtration removes it. 

Block tin pipes are needed for very soft waters 
(especially with nitrates), and for all aerated 
waters. There is a system of adding carbonate of 
lime to soft water which prevents contamination 
in lead pipes. This has been done at Sheffield. 

Tron in the water sometimes dissolves the lead. 
If there be more than one-twentieth of a grain 
of lead per gallon, the water is deemed unfit to 
drink ; one-tenth of a grain may produce symp- 
toms of poisoning. At Claremont, seven-tenths 
of a grain was found in the water. Cast-iron 
pipes are, of course, safe. 

The purest and softest water and aerated water 
get most contaminated, also water with excess 
of organic matter (nitrates) and chlorides. 

Organic Matter. Organic matter is either 
suspended or dissolved in water. It should not 
exceed 2 or 3 grains per gallon, and may be in 
one of three forms : 

1. Unchanged—dangerous. 
2 Consisting of ammonia—less dangerous. 
3. Consisting of nitrites and nitrates—harmless. 

The nitrogen alone may be also in a fourth 
form—400 gas—which is harmless. There should 
not be in ordinary water above 1 grain per gallon 
of nitrites or nitrates. In pure water there is 
none. Of ammonia (free—t.e., combined with 
an easily decomposed substance) there must be 
less than ‘05 per million. Rain-water often con- 
tains much more. Nitrates are due to animal 
pollution. When there is much albuminous 
ammonia—t.e., ammonia in organic substances 
not easily decomposed, with nitrates, etc.—the 
cause is vegetable pollution. 

Deep wells may contain free ammonia and 
chlorides without being polluted, but in shallow 
wells these cause pollution. General solids in 
water should not exceed 8 grains per gallon, 
though in chalk they may rise to 14. Sewage 
water may be clean and drunk with impunity, 
and is even fattening, if free from pathogenic 
erms, which cannot be detected. The two 

jseases most easily conveyed by water are 
typhoid and cholera. Any oxygen dissolved in 
water is mixed with it mechanically, as in air, 
and is not chemically combined. 

Distribution of Water. Aqueducts have 
been used from the earliest ages. They existed 
in Pompeii 312 8.c. The Romans used inverted 
syphons to cross valleys ; now water is conveyed 
uphill and downhill in iron pipes in a gentlo 
flow. In towns water and sewage pipes should 
never be laid together. The former should be 


plunged into pitch or varnish, and either glazed 
to avoid corrosion, or heated to a white heat 
(1,200 F.); steam should then be passed over 
it, forming a protecting oxide. The pipes should 
have spigot joints, rimmed with lead and not 
with in and tar. Water waste preventers 
should be fixed to each main to detect leakage. 
All house pipes are of lead for convenience in 
levelling, etc., and it is here the damper occurs 
with soft water. 

The largest city in the world (London) still 
depends on rain-water, and uses one-third of 
the Thames. It is calculated that of ten 
glasses of water one at least has been used 
before ; in fact, is dilute sewage. The principal 
supply is taken at Hampton and stored to 
settle and clarify in reservoirs capable of hold- 
ing a week’s supply. Five hundred and sixteen 
million gallons daily are taken by five companies. 


Filtration. The water is then filtered 
through 3 ft. or more of fine sand and gravel [2]. 
The finer the sand, the fewer microbes pass 
through it. Ordinary sand lets half through ; 
fine sand, 14 per cent.; very fine silver sand 
only 5 per cent. The fine sand used to be 
temoved and well washed as needed. The 
flow of water through must not exceed 30 
gallons per square yard per hour. By filtration 
mere surface water is changed into pure ground 
water. The newest method of using the sand 
filter is to allow a jelly-like scum to accumulate 
over the sand consisting of innumerable bacteria, 
and constituting a living filter. The crowding 
microbes on this surface penetrate into the 
sand, nitrify the organic matter and destroy 
other and poisonous germs. This surface 
should not be disturbed as long as the water 
will pass. In such a filter the sand should be 
1 ft. thick, and the water should sink through 
at the rate of 4 in. per hour. 

When such a living filter is in good order 
90} per cent. of the germs are removed. No 
filtered water should have more than 100 germs 
per cubic centimetre of water. The wate: at 
Altona receives all the sewage of Hamburg, 
and yet, by filtration, is purer than the un- 
filtered river Elbe above Hamburg. 

In some cases a layer of magnetic carbide 
of iron is placed under the sand to oxidise 
organic matter into nitrites and nitrates. 


Slate cisterns are good, but they leak; they 
must not be jointed with red lead, and are 
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often made with grooved sides and set with 
white lead. This soon lcaks; the plumber 
repairs the leak with red lead, and poisoning 
ensues. Zinc or galvanised iron cisterna are 
sometimes used; in this case the iron cistern 
is dipped into wetted zinc when made. The 
best supply is 8 constant service so that no 
cistern is needed; then no fouling occurs. 
Screw-down taps are wanted. 

The drinking supply should, of course, be 
separate from that used for closets. Lead 
cisterns are bad and are most dangerous when 
new or scraped; wood cisterns are also bad, 
but stoneware is a good material. The cistern 
should be dark and well covered. 


Analysis of Water. Points of import- 
ance to be noticed in analysing water are: 
Suspended solids, dissolved solids, hardness 
(temporary or permanent), chlorates and 
nitrates, ammonia (free or albuminous), absorbed 
oxygen. Points of minor importance are the 
fixity or volatility of solids; loss in solide or 
tgnition, and the presence of nitrates, sulphates, 
and metals in solution. 

The hardness is decided by the soap test— 
thus, 70 cubie cent. = 70,000 milligrammes, 
and as there are 70,000 grains in a gallon, 
therefore the milligramme is 70 cubic cent. = 
grains in gall. The soap solution contains 17 
grains of Castile soap to | litre of water. One 
cubic centum of this neutralises | grain of salts 
of magnesium or lime. 

Chlorine is shown by adding mitric acid and 
nitrate of silver. One grain of chloride per 
gullon gives a haze, 4 grains turbidity, and 
10 grains a precipitate. The presence of 
organic matter ix shown by the disappearance 
of the pink colour caused by adding primary 
acid potash. Free ammonia is revealed by 
Nessler’s test. Lead or copper are shown by 
adding hydrochloric acid and_ sulphuretted 
hydrogen, which gives a brown coloration. 
There 1s no test for poisonous germs. 

Microbes do not necessarily unfit the water 
for use, but they show the presence of nitrates, 
which they reduce to nitrites. Low vegetable 
organisms purify the water and are found in 
all running streams. Higher animal organisms 
are also common in pure streams, and, like 
the ascaris or fluke, may be dangerous. 

The following table gives the average analysis 
of water 


Rives at source 
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From Beet to Beet Sugar. The outline 
for the process of manufacturing sugar from 
beet is as follows: The beets are washed from 
adhering earth and stones, and then, by means 
of an elevator, sent up to a machine which slices 
the beets into pieces resembling vermicelli. The 
slices are then put into large iron cylinders and 
“ diffused’? with hot water, by which means the 
sugar is obtained in solution. This sugar solu- 
tion is then mixed with about 2 por cent. of lime 
and carbonic acid gas passed into it. A chemical 
reaction takes place, and carbonate of lime is 
thrown to the bottom of the vessel, taking with 
it most of the impurities. The liming is repeated, 
and sulphurous acid gas passed in; another 
precipitate then forms, and leaves a clear liquid, 
which is evaporated until sugar is thrown out 
in a similar way to that followed in the case ot 
cane sugar manufacture. The divimons into 
which the subject can conveniently be divided 
are: (1) washing and slicing, (2) diffusion, (3) sat- 
uration, (4) evaporation and (5) crystallisation. 

Raieing the Beets to the Washers. 
The bects are conveyed to the washing tanks by 
bucket elevators, scoop-wheel elevators, or screw 
conveyers [10]. The bucket elevator is not much 
used, at least in modern factories, as the grit and 
earth from the beetroot cause a disastrous amount 
of wear on the buckets and chains. The scoup- 
wheel consists of 
a long enclosed 
wheel, with a 
series of scoops 
on the circumfer- 
ence. The bects 
are conveyed 
down a channel 
to the bottom of 
the wheel, and are 
caught by the 
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the whole being placed in an inclined position. 
A screw conveyer about 4( in. diameter and 25 ft. 
long raises about 600 tons of beets in 24 hours. 


The Washing and Slicing Machines. 
Washing removes soil and pebbles, which would 
not only injure the slicers, but introduce much 
mineral impurity into the subsequent diffusing 
vessels. The simplest form of beet washer is 
known as the whisk washer. It is fitted with a 
stirring gear consisting of a central shaft to which 
vertical arms are attached. The vessel in which 
the stirring gear is attached is of wrought iron, 
open at the top, and fitted with a perforated 
bottom, through which earth and stones fall. 
Underneath the washing machine there is a 
discharge arrangement for the water, and the 
stone trap is fitted with a manhole for cleaning out 
the stones. Another form of washer consists of a 
perforated drum, into which the beets are put, 
and which revolves in a water trough fitted with 
discharge arrangements like the whisk machine. 

After washing, the beets are conveyed by an 
elevator to the slicing machine on an upper 
floor. This elevator may be of the bucket 
variety, in which an endless chain of buckets 
is employed. 

The slicing machines cut up the roots into 
“‘ cossettes,”’ or slices. A useful pattern is shown 
in 11. Extra sets of cutter-boxes and knives 
should be ordered 
with the machine. 

Diffusion. 
Formerly the 
beets were rasped 
to a pulp, the 
juice pressed out 
in hydraulic 
presses, and the 
solid mass dried 
by centrifugal 


botiom scoop. machines. Schit- 
The wheel of zenbach then sug- 
scoops revolves, gested macerat- 
and as each scoop ing the dried roots 
takes up its quan- in warm water, 
tity it passes |™ : fs a one , but this compara- 
higher up, and is 10. SCREW CONVEYER FOR ELEVATING BEET tively slow pro- 


replaced by the 

one behind it. When the scoops reach the top 
of the wheel their contents are automatically 
thrown into a channel which conveys them to 
the washing machine. To lift the bects to, 
say, 18 ft., the wheel requires to be very large 
and cumbrous, hence, if the distance be more than 
a few feet, the screw clevator is used. The 
screw conveyer is, perhaps, the most convenient 
means of transporting beets, and is also useful 
for lifting water atthe same time. As will be seen 
from the illustration, the screw conveyer consists 
of a heavy hollow spindle with a spiral blade, 
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cess was replaced 
by the diffusion process, on the suggestion of 
Dubrunfaut. The sliced beet is conveyed to the 
diffusion battery by a band conveyer. Fig. 12 
shows a battery in a series of twelve diffusers 
arranged in a circular manner, the one shown 
being fitted up by the Compagnie Fives-Lille. 
The hopper at the top revolves, and feeds the 
diffusers in turn with cossettes. Diffusion 
batteries are also arranged in straight lines of 
twelve or fourteen diffusers. The method of 
discharging the diffuser varies, but the bottom 
discharge for exhausted beets is preferable, as 


shown in 18. Dr. Pfeiffer’s patent dischargo 
is effected by means of compressed air. As 
goon as one cell of the diffuser is charged 
with cossettes, it is shut down, and warm water 
run in. This water takes up some of the 
sugar, and is then passed into each of the other 
diffusers in turn. The smaller cylinders shown 
outside the circle of diffusers are called calorisers, 
and reheat the water, which, as it passes from 
the diffusers, loses much of its heat. The ex- 
hausted beet is discharged from tho 
diffusers, and is conveyed to a pulp 
press, where a large proportion of 
the water is removed, and the residue 
left ready for cattle food. The 
spiral clevator press of the Maschi- 
nenfabrik Grevenbroich is one of 
the most modern type of pulp 
presses. The spent slices enter at 
the bottom of a screw elevator, 
and in passing upwards are drained 
of much of the water. Tho upper 
part of the elevator press tapers off, 
and presses the slices tighter 
and tighter, thus freeing 
them of most of the water 
they contain. 
Continuous Diffue 
sion. In continuous diffu- 
sion the diffuser is an iron 
cylinder, and contains 
a perforated iron cylin- 
der 4 ft. in diameter and 
36 ft. long. The axis 
is formed by « smaller 
cylinder, and between 
the two is a helix. The 
inner cylinder is re- 
volved at such a rate , acaee 
that beet slices travel- Wishes 
ling along the helix take 
wbout one hour to go 
the whole length. The cossettes are continually 
immersed in water, which enters at one end, at 
86° F. The conditions for good diffusion are 
fulfilled when the cossettes and water move in 
opposite directions. This type of diffuser is 
stated to require but little attention, and less 
labour than the battery type, but it has not yet 
come into general use. The temperature in the 
diffusers is maintained at 70° C. to 75° C., 
but this is not enough to kill the germs of 
fermentation, which often cause much trouble. 
To prevent incipient fermentation, antiseptics are 
added to the beet chips. Hydrofluoric acid in 
the proportion of two to six grains per hectolitre 
has been recommended by Verbiese, Van Voss 
improving on this by using ammonium fluoride. 
Sulphurous acid, and aluminium bisulphite 
have also been advocated as suitable antiseptics. 
It is the presence of enzymes in the juice that 
causes its darkening, these enzymes acting as 
carriers of oxygen. 


Saturation. The juice is conveyed to 
the saturation tanks where two to three per cent. 
of lime is added in the form of milk of lime. 
The juice is then submitted to carbonic acid 
gas, this process being called carbonatation. 
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Double and Triple Carbonatation. 
The precipitate that falls takes down with 
it many of the impurities in the juice, and 
the heat that is applied sends up a scum. 
Tho clear liquid is decanted, tho ‘scums 
and sediment being filtered in a filter press. 
Tho clear juico is again treated with a 
smaller quantity of lime, carbonic acid gas 
passed in, and the resulting precipitate again 
removed. Finally, sulphurous acid gaa is 
passed in and the sulphide of lime 
removed by filtration. The clear 
liquid that results, known as “thin 
liquor,” is next evaporated in ao 
similar manner to cane juico [page 
3829]. Triple carbonatation is somo- 
rs times used, but while it is of great. 
oe value in practice, it is not considered 
sufficiently superior to double car- 
bonating to warrant general use. 
In place of the sulphurous acid gas 
process, filtration through animal 
charcoal is sometimes done with tho 
same object of obtaining a cloar 
juice before evaporation. The mas- 
secuite from the vacuum pans is 
spun in centrifugals and washed 
with a jet of steam to whiten it. 
The sugar resulting from this treat- 

ment is termed first jet. 

li 

| 


the centrifugal contains 
the molasses and is ro- 
heated, filtered through 
charcoal, and evaporated. 
When spun in the centri- 
fugals the sugar yielded 
is’ known as second jet. 
The molasses is treated 
a third or fourth time and 
smaller quantities of third 
and fourth je sugar ob- 
tained. The final molasses is treated for the 
recovery of the sugar by special processes deo- 
scribed later. 

Carbonic Acid Gas, The carbonic acid 
as used in carbonatating is obtained by roasting 
imestone. The kilns [15] in which this is done 
are cither separately fired with coke or con- 
structed to deal with coke and lime in alternate 
layers. The interiors of the kilns are built of 
firobrick and cased with iron plate. Tho 
carbonic acid gas is drawn off through two 
pipes near the top of the kiln and the gas is 
then passed into a cooler and washer. Tho. 
kilns are charged from the top with lime or 
lime and coke. The gas washer is a cylindrical 
vessel; the gas enters near the bottom and 
meets a shower of water which falls from near 
the top of the washer. The gas finally leaves 
by an outlet at the top of the vessel to be pumped 
into the beet juice. The Sangerhiuser Actien- 
Maschinenfabrik have a form of washer in which 
the gas is led through narrow streams of water 
which drip from projections inside the washer. 
The points to bear in mind in regulating the 
limekiln are to use lime as free from alumina 
and silica as possible; to use a coke giving 
4161 


The liquid that flows from 





FOOD SUPPLY 


Wee ere 
C 


*. ‘4 
eee tere 


—— - 
oes as 
a 
sees 


ee, 


| 


eS 
Ki on 


rv SB ae eee aot a 
eed ie TA ee 
pas A Sates Baie 
ead AU Ags 
Paes 
¥, 
Fa , 





wi 
9 MT 

S36 sn 

—— 


ai Spent d ehh 
4 sal ul Hi rh 
eh UY 7, 
FL | cae Ag 
anaes ig i 
I oemner til | a rx 
5X. Aad “! ry \ 
Se v7, 


ae 
w 
| 


~~ 
ee 
1 


12. CIRCULAR DIFFUSER 


as little ash as possible, say a maximum of 
7 per cent. of ash ; and to see that the charging be 
done regularly. Sometimes, from indifferent 
charging, the charge lodges on the sides of the 
kiln, this being known as scaffolding, and if the 
air be not properly regulated free air will be 
mixed with the gas, or if too little be admitted 
carbon monoxide will be formed. Air in the 
gas may also be due to leaks in the kiln. 
Sulphurous Acid Gas. Sulphurous acid 
gas is given off when sulphur is burnt in 
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the air. It exerts a powerful bleaching effect 
on the beet juice. Special iron furnaces are 
made for generating the gas, the upper part 
in those made by the Maschinenfabrik Greven- 
broich being fitted with a water-jacket to 
prevent overheating. Sulphur is fed in at the 
top, and combustion is started by inserting a 
red-hot iron and kept up by passing in com- 
pressed air. The fumes, known as sulphurous 
acid gas, are pumped direct into the beet 
juice at the stage indicated above. 


Lime. The quicklime removed from the 
limekiln is used in the sugar factory for making 
milk of lime. This is usually done in brick 
tanks, but special lime-slaking machines are 
sold for the purpose. Sufficient water is used 
so that when all action has ceased the lime is 
still covered with water. Before being used 
the lime is diluted with water 
to make milk of lime. It has 
beon found that slaked lime 
formed in the presence of large 
excess of water is inferior to 
lime which is dry slaked, and 
that solution of sugar is an 
improvement on water alone 
as it tends to preserve the lime. 
Some workers recommend dry- 
slaked lime to be added to the 
beet juice instead of milk of 
lime, but others allege that 
darkening of the juice rosults 
from using the solid. 

Saturation Plant. Car- 
bonatation and sulphuration 
are carried on in square satur- 
ators, either sunk in the floor 
with working valves controlled 
from the top or 80 arranged 
that the valves are in the front 
of the apparatus. The car- 
bonic acid gas is admitted by 
valves, and there are also pro- 
vided steam coil, inlet and 
outlet valvos, and juice valves. 
Saturation with sulphurous 
acid gas is conducted in 
similar saturators which are connected with 
the gas supply from the sulphur furnace. 


Filter Presses. The horizontal type of 
filter press [14] now 80 largely used consists of a 
heavy cast-iron frame, supporting a number 
of square plates by means of projections on the 
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designed for filtration without pressure. Sand 
filters should also be mentioned, as they are a 
cheap method of obtaining clear sugar juicer. 

Special machines are made for washing the 
filter cloths. These consist of a cylinder in 
which is a revolving shaft carrying paddles. 
Dupon devised a purification process for beet 

, juice in which baryta replaces 
some of the lime, but Kruger 
regards baryta as a dangerous 
addition. 

Purification by Elec: 
tricity. Several electrical 
processes have been proposed, 
some in conjunction with the 
use of ozone. The combination 
of ozone and electrolysis is 
more powerful than either epa- 
rately ; but there seems but 
little chance of tho electrolytio 
treatment becoming profitable. 
In one clectrolytic process 
hydrosulphite is decomposed 
in the juico, and in another 
method albuminate of barium 
is used beforo passing the syrup 
through electrolysing troughs. 

An aluminium process has 
been dovised from which good 
effects are obtained. It con- 
sists in adding aluminium 
powder to the juice and then 
ammonium sulphate. 

Crossfield and Stein’s pro- 
cess for the purification of 
beet juice, in which peroxide 
of hydrogen is used, is referred to in the losson 
dealing with sugar refining. 

Extraction of Sugar from Molasses. 
One of the most important problems in the 
sugar industry is how best to recover the sugar 
which remains in the molasses obtained in the 
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means of a cen- 

tral conduit. The pressure sends the clear juice 
through the cloths, leaving the sediment on the 
cloth in a cake. In another form of filter press 
now generally preferred, the juice enters at the 
corner of the filter plates. Other t of filters 
are the Taylor filter, the Danek filter, which 
works at pressure, and the Claritas filter, which is 





method was 
not profitable to work. The fact that sugar 
forms a compound with baryta, strontia, and 
lime has been taken advantage of in separating 
sugar from molasses. In Schribler and Segferth’s 
processes molasses was mixed with lime, and the 
saccharate of lime thus formed was separated by 
alcohol, Bodenbender and Manoury introduced 
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modifications of this process, but in all alcohol 
was required, and this is an objection, owing to 
the price or fiscal difficulties. 

The Steffen Process. Steffen eliminated 
the use of alcohol. He discovered that lime 
forms with sugar three different saccharates— 
the monobasic saccharate, the bibasic saccharate, 
and the tribasic salt. The tribasic saccharate is 
with difficulty soluble in 200 parts of water, 
but is quite insoluble in water saturated with 
the tribagic salt itself. When precipitated under 
certain well-defined conditions it is granular, 
and can be readily washed in the filter. The 
operations in the process are: Forming the 
bibasic saccharate in the cold; boiling to 
form sugar and tribasic saccharate; and filter- 
ing the tribasic salt. The process is worked 
as follows: Molasses is diluted with water 
until it has a density of 6:6° Beaume, 
equal to from 7 to 8 per cent. of 
sugar. Then, with constant agitation, 
small quantities of quicklime are added, 
in the proportion of 1 of lime to 1 of 
sugar. After each addition of quicklimo 
the temperature rises and is cooled to 
15° C. before adding further portions of 
lime. The mixture is then filtered in a 
filter press and the clear filtrate heatcd 
for ten minutes at 100° C.  Tribasic 
saccharate is formed and is filtered out 
and washed with hot water to decom- 
pose it. The residual lime is precipi- 
tated by passing carbonic acid gas into 
the solution, and the sugar 
obtained by filtering and 
evaporating. Itis usual, how- 
ever, to employ the tribasic 
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liquors are used for diluting 
further quantities of molasses 
and are eventually used as a 
fertiliser when they become 
laden with the mineral impuri- 
ties of the molasses. The Steffen process is 
equally applicable to the recovery of molasses 
in refineries, the slight variation involved 
being in the treatment of the saccharate. The 
saccharate from the presses passes into the 
dissolving pans, where it is dissolved by means 
of sugar syrup which has been saturated with 
carbonic acid gas and heated to about 70° C. ; 
the sugar solution is then diluted with sweet 
waters so that it contains approximately 5 per 
cent. of sugar. After filtration the liquor is 
fully saturated with carbonic acid gas and 
treated as above. 

The Use of Strontia. Scheibler has 
since worked out on these lines a process in 
which strontia is used. Strontium saccharate 
is formed, separated by filtration, and washed 
with a 10 per cent. solution of strontia. The 
warm solution is then cooled, strontia mono- 
basic saccharate and sugar being yielded by the 
decomposition of the bibasic salt formed when 
hot. The strontia solution is decomposed by 
carbonating, filtration, and evaporation. The 
strontium carbonate is calcined to form the 
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oxide, and this with water gives the hydrated 
salt, which is used over again. 

Beet Sugar Factory. The cost of a 
factory for manufacturing beet sugar may be 
estimated at from £30,000 to £40,000, this sum 
providing the machinery for working 300 tons 
of beetroot a day. The factory building would 
take about a year to construct and fit, and would 
cost about £8,000. A working capital of about 
£40,000 is also required for paying for roota and 
current expenses. Mr. Stein has recently shown 
a balance-sheet of beet sugar works in which a 
gross profit of £17,500 is produced on a capital 
of £80,000 after allowing for depreciation. Such 
a factory would purchase beetroots from the 
growers in the neighbourhood. In regard to 
the gencral arrangement of the factory the ground 
floor is usually taken up with the beet-washing 
apparatus, the diffusion battery, centri- 
fugals, vacuum pumps, beet elevators, 
boiler-house, limekiln and _ bone-black 
filters. On the next floor arc the car- 
bonatation apparatus, the triple effet, 
upper part of diffusion apparatus, beet 
elevator, and laboratory, while on the 
upper floor are the vacuum pans. Rooms 
aro provided for storing sugar and 
packing purposes. 

The Waste Products of Sugar 
Factories. The bagasse of cane sugar 
factories can be utilised as a fuel, for 
paper making, and as manure. Special 
furnaces are required for burning bagasse. 
With a Grundel semi-gas fur- 
nace it has been found that 
when dry bagasse is used more 
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Damp or a mixture of damp and 
dry bagasse can be burnt on 
emergency although there is of 
necessity a diminished produc- 
tion of steam. Dry cane leaves (trash) are only 
slightly inferior to bagasse as fuel. Bagasse wet 
from the mill is commonly regarded as being 
equivalent in fuel value to from one-fifth to 
one-sixth of its weight in coal. Bagasse has also 
been proposed as a food for cattle. 

Molasses is used as a fuel, for the manufacture 
of alcohol, and for feeding cattle. One method of 
using it as fuel is to sprinkle the molasses on the 
bagasse on its way to the furnace, or it can be 
sprayed on the burning bagasse. Animals take 
molasses fodder willingly and no bad effect has 
been observed, no purgative action has been 
noted, and the quantity of milk in the cow fed 
on molasses fodder is increased, though it does 
not keep so well. Organic acids Bd ferred suited for 
mordanting wool have been made from vinasse. 

Dried dtffusion pulp from beet-sugar making 
should be dried before being used as a cattle 
food, otherwise it tends to bring on certain 
diseases. Beet tops are used for feeding cattle 
or left to rot in the field as manure. The 
waste liquors from beet sugar factories have also 
been used as a source of ammonia. 


Ag 


Sugar Candy. Sugar candy is used largely 
for priming beer and wine in addition to its well- 
known use as a sweetmeat. The syrup after being 
filtered bright is boiled in a vacuum pan until the 
requisite concentration is reached, the point 
being technically known as boiling to “‘ thread” 
or “feather.” The candy pans or pots have 
holes drilled in the sides, and threads are stretched 
across the hole, being filled up on the outside 
by a mixture of beeswax and resin to keep 
the syrup from running through. The syrup 
is filled into the pots, which are then transferred 
to a store to cool gradually in from 9 to 12 days. 
The rate of cooling influences the character and 
quantity of candy formed. The lower shelf 
or store coola the syrup the more rapidly, but 
the yield is inferior in quality. This is some- 
times corrected by adding more water to the 
pots on the lowest tier. 

Caramel or Burnt Sugar. Caramel 
is the brown substance produced by the action 
of heat on sugar or glucose. It is used in very 
large quantities as a colouring for beverages, 
gravies, and sweetmeats. The processes of manu- 
facture are based on those of Asrymusry, who 
gave two recipes—one for the production of rum 
colouring, and the other for beer or vinegar. For 
‘rum colourin], take 3 kilos of caustic potash or 
oda and 6 kilos of water, or 4 kilos of carbonate 
of potash and soda and 8 kilos of water. Dis- 
solve with heat in a large iron pan, and add 
120 kilos of giucose or 130 kilos of syrupy 
glucose. Boil over the fire till irritating vapours 
begin to appear, then decrease the heat and stir 
continuously till the required shade is produced, 
and stop the process by adding 30 to 40 kilos 
of water in a fine jet. For beer or vinegar 
coleurin7, 6 kilos of carbonate of ammonia, 
6 kilos of water, and 120 kilos of glucose are 
required, the method of making being the same as 
for rum colouring. The addition of alkali has for 
its object the production of a darker and brownish 
shade, and renders soluble the small quantity of 
ulmic acid which is always formed towards 
the end of the cooking, thus enabling a solution 
to be made from the caramel which is not 
cloudy. 

Salmon and Goldie, who made a research 
on this subject in 1900, gave the following 
as a good recipe. The glucose used must 
be a well-prepared maize glucose. About 
5 cwt. of good white glucose is melted in 
an iron vessel. At a temperature of 95° C., 
this takes about one hour, and when all the 
glucose is melted the temperature is raised to 
110°C., another 20 minutes being required. 
Then add 45 oz. of carbonate of ammonia and 
15 oz. of chloride of ammonia, and stir occasion- 
ally till the caramel is formed, some two hours’ 
boiling being needed. This change is very 
noticeable, not only on account of the increase 
in volume of the caramel to about double, but 
because of the evolution of greyish-yellow 
vapour, which is very pungent, staining the 
hands yellow. The temperature of coming on 
is about 154° C. The heating is continued till 
the caramel is so thick that it can only just 
be stirred. This takes about another hour, 
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but the time varies. The heat is now turned off, 
and if solid caramel be required, it is thrown out 
on to iron plates, allowed to cool, and broken 
up with hammers. If fluid caramel is being 
made, sufficient water is added to produce the 
required density. Heat is applied and the 
caramel is then passed through sieves to remove 
any carbonaceous or extrancous matter, and 
subsequently stored in iron tanks. 

Some Modern Improvements. Since 
this method was published, the only other 
improvement of importance is that introduced 
in a patent taken out by Gonville and Jarvis in 
1904. These inventors melt glucose or other 
carbohydrate to a syrup, and run the syrup into 
another vessel, where it is mixed at tho atmo- 
spheric prossure with ammonia in solution, or 
otherwise, without the application of heat. . 
The mixture is then transferred to a third vosscl, 
in which it is heated with agitation to a tempera- 
ture of about 220° F., at about which temperature 
and atmospheric pressure it is maintained until 
caram“lisation is sufficient. 

Another branch of the investigation of Salmon 
and Goldic had reference to the addition of 
alkalies to the caramel at the latost stage of its 
manufacture. They found that the employment 
of asmall quantity —say, half a pound—of sodium 
or potassium hydrate to 100 Ib. of caramel 
distinctly improves the flavour, and that it 
plays an important part in keeping the colour 
dissolved in the beer in which it is employed. 

Analytical Data. Good caramel should 
conform to the following requirements : 

1. The intensity or colouring power of @ cara- 
mel solution, measured in a Lovibond’s tinto- 
meter, using a 0°10 per cent. aqueous solution 
and a 52-series yellow-tinted glass, should show 
18 degrees on Lovibond’s scale. 

2. The average specific gravity of caramel 
fluid is 1°377. 

3. The average copper oxido reducing power, 
calculated as dextrose, is about 33°87 per cent. 
of the weight of the fluid caramel. 

4, The mineral matter should not excced 
0°80 per cent. of the weight of the fluid caramel. 

5. The caramel should not be affected by proof 
spirit or weak acctic, tartaric, or citric acid 
solutions, and it should not cloud pale ale. 

Test for Caramel. A rough test given 
by Thorpe for ascertaining the presence of 
caramel in beer is to add tannic acid. If malt 
only be present, the colour is precipitated, but 
caramel colour is not altered. In wines, paralde- 
hyde is used as a test, the caramel being thrown 
out by that liquid as a brown precipitate sticking 
to the bottom of the vessel. 

Sweetmeat Caramel. Sweet caramel has 
no connection with true caramel, or burnt sugar, 
but is prepared by boiling down a solution of 
cane sugar and glucose syrup to the solidifying 
point, oa hard, glassy mass being produced. 
About 10 per cent. of glucose is needed to 
prevent the cane sugar becoming opalescent 
and granular; but in time, by absorbing moisture, 
the caramel becomes opaque. To prevent 
this as far as possible the squares are aha te 
in paraffin paper. Vacuum pans yield a lighter- 
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coloured product than that made in open pans, 
but in either process the rule of boiling is, “ the 
quicker the better.” The mass is coloured and 
flavoured appropriately 

Invert Sugar, or Saccharum. Invert 
sugar is an important product in the brewing 
industry. It is used in becr to improve its 
quality and stability and as a substitute for 
part of the malt. Beers in which this malt 
adjunct is used are preferred by the public, on 
account of the lighter character and full flavour 
thus given to them. Invert sugar is prepared 
by heating a solution of cane sugar with dilute 
acid or yeast. which causes the constitution of the 
sugar to be altered or inverted, a mixture of dex- 
trose or levulose being produced. Invert sugar for 
brewing purposes should possess a full molasses- 
like flavour, and on this account jaggery is pre- 
ferrod by saccharum makers. A good product 
can, however, be made from refined beet sugar. 

Garton and Parsons, in 1856 and 1859, took 
out patents for the inversion of cane sugar 
with small quantities of acid; and Herepath, 
in 1862, prepared invert sugar by adding 
3 oz. to 4 oz. of pure hydrochloric acid to 
each cwt. of dissolved sugar, maintaining the 
temperature at between 180° F. and 212° F. for 
one to three hours. The acid was then neutral- 
ised by alkalies, and the product was ready 
for use in the brewery. 

Wohl and Kollrepp’s Process. The 
technical defect in previous processes con- 
sisted in the fact that comparatively weak 
solutions of sugar had to be employed, which 
necessitated subsequent concentration, with 
danger of deterioration. There was also a 
large quantity of acid to be neutralised. Wohl 
and Kollrepp found that 30 per cent. solutions 
of cane sugar could be easily inverted, their 
process being based on the following facts: 

1. The rapidity of the inversion of cane 
Sugar in concentrated solution by dilute acids 
in 40 to 80 per cent. solution at 45° C. to 105° C. 
is far loss copendunt on the proportion of the 
quantity of acid to the quantity of sugar present 
than it is on the quantity of water. As 80 per 
cent. sugar solution contains only one-sixteenth 
as much water for an cqual quantity of sugar 
as a 20 per cont. solution, the complete inversion 
of an 80 per cent. solution, if this action were 
independont of the excess of sugar, would only 
require one-sixteenth as much acid in proportion 
to the sugar asx a 20 per cent. solution, other 
conditions beng equal. Owing to the retarding 
influence of the excess of sugar about one-twelfth 
of the quantity of acid required for a 20 per 
cent. solution is actually necessary. 

2. In the inversion of cane sugar with acids 
there takes piace, along with the decomposition 
of the saccharose and at a speed increasing 
with the concentration of the sugar solution, a 
re-formation of products of condensation of 
the dextrose and levulose, and of both one with 
the other, which E pent and accompanies the 
decomposition and colouring, and the speed of 
which increases more rapidly with the concen- 
tration of the acid than does the power of 


inversion of the latter. Each acid has a very 
low degree of concentration, at which, when 
heated for from about a half to one hour at 
80° C. to 95° C., it completely inverts a quantity 
of cane sugar that may amount to as much 
as about four times the quantity of dilute 
acid employed without decomposing or colour- 
ing the invert sugar formed. 

A Working Example of the Process. 
These investigators calculated out the quantity 
of acid and the time required for various con- 
centrated solutions of sugar, the following being 
a working process founded on the facts: 

One ton of finely ground white sugar is 
melted at about 95° C. with 2°4 hectolitres of 
water in a heated and closed pan provided with 
agitating mechanism. After cutting off the 
steam 0°222 litres of pure 38 per cent. hydro- 
chloric acid, previously diluted with 10 litres of 
water, is stirred in, and the temperature main- 
tained at from 80° C. to 90° C. for about half an 
hour. The colourless invert sugar syrup is 
drawn off, and is ready for immediate use. 

The vessel in which the inversion is to be 
carricd out should preferably be of copper or 
iron lined with enamel, and have steam jacket, 
stirring gear, and means for introducing livo 
steam. About 560 gallons of boiling water is 
introduced into the inverter, and the tempera- 
ture maintained at 190° F. to 200° F. by means 
of the steam jacket. One cwt. of sugar crystals 
is run in by means of a hopper, and the mixer 
started. As soon as the sugar is partially 
dissolved a second cwt. of sugar is added, and 
the process repeated until a ton of sugar has 
been dissolved. Next, 134 lb. of a 10 per cent. 
solution of hydrochloric acid is run in and 
mixed, stirring being continued over one hour 
at a temperature of 190° F. to 200° F. No 
neutralisation of the product is necessary, owing 
to the trifling amount of acid in the finished 
invert. The invert produced is white or only 
faintly yellow, and is intensely sweet with a 
flavour like honey. When cold it is a viscous 
mass, and on standing for some weeks a magma 
of crystalline glucose separates. One ton of 
sugar crystals yields 2,357 lb. of invert sugar. 

ompson’s Yeast Process. Any com- 
mercial saccharose is dissolved in water heated 
to 95° F. to 160° F. one part of yeast per 100 
of sugar being added and allowed to stand 
five hours. At the end of this time all the cane 
sugarisinverted. The most favourite strength of 
sugar solution is 20 per cent., and 130° F. is the 
best temperature to employ. The yeast is sepa- 
rated by adding sulphate of lime and filtering. 
This process can be worked to great advantage 
with low grade raw sugars, but the product is 
not so well adapted for priming purposes. 

The invert sugar solution can be purified 
by charcoal filtration, as in refining sugar, and 
concentrated in vacuum pans. 

Saccharum is found commercially in the 
fluid and solid forms ; the liquid form is crystal- 
lised by seeding it with small lumps of solid 
saccharum. With sugar at £15 a ton, saccharum 
can be made at about 12s. 8d. per owt. 


Continued 
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By R. LAING 


THE important place attained in this country 

by the second function of banking (the 
receiving of money on deposit), although 
fostered indirectly by the legislation intended 
to restrict note issues [see below], is in the 
main due to the preference exhibited for it 
by the general trading and saving community. 
A reference has been made previously to the 
transference of capital from one locality to 
another, and in practice this is done through the 
branch receiving the deposits of an agricultural 
district remitting the surplus money held by it to 
an office in some manufacturing centre, there to be 
lent out to traders requiring additional capital. 
If, however, after all such demands have been 
satisfied, an unexhausted surplus remains, an 
additional source of lending is brought into 
operation. All capital which cannot be pro- 
fitably employed in the country flows naturally, 
through the instrumentality of the banks, to 
London, and is there made the means of financing 
investors in the loans of our needier neighbours 
and of maintaining London as an exchange 
centre. 

The Employment of Money. As a 
natural consequence of issue or of deposit, the 
lending of money at interest follows, as other- 
wise no profit would be made by the institutions 
concerned. 

The agency of banking in acting as a middle- 
man between borrower and lender has, in some 
measure, been encroached upon by the rise of 
joint-stock companies and the facilities given 
through them for direct investment. One 
most important section, however, remains un- 
affected—the employment of money deposited 
for a short time, pending a favourable oppor- 
tunity for investment. This is lent through the 
agency of the banks to the industries which, at 
the time, are most in need of temporary capital. 

Every banker in this country is, to a certain 
extent, a dealer in arbitrage, in receiving for col- 
lection documents on other towns and granting 
drafts on these places, charging, of course, a 
commission for doing so. In the constant pre- 
paredness to do such business, he resembles the 
Paris dealers to whom reference has been made, 
and removes what would be, in the absence of such 
preparedness on his part and on the part of 
others, an irritating check to commerce—i.e., he 
saves the B’s the necessity of seeking for and 
bargaining with the A’s. e functions of loan 
and remittance are combined in the discount 
of a bill payable in another locality. 

The function of the safe custody of valuables, 
which requires no explanation, was in reality 
the precursor of that of deposit, the care of the 
client’s money following naturally the keeping 
of his securities. 


The Business of Banking. The business 
of banking is carried on by private partnerships, 
by ordinary joint-stock companies, and by com- 
panies having a certain amount of Governmental 
privilege and supervision (usually connected with 
the right of issue). The supervision exercised 
may reach the point of actual control of the 
bank’s business by Government officials, the 
directors appointed by the shareholders occupy- 
ing but a secondary place. In addition, numerous 
instances will be found of firms or companies 
who are not considered bankers in tho ordinary 
sense, but who are largely engaged in certain 
banking business—say, bill discounting, foreign 
exchange, etc. The operations of any bank 
depend to a great extent on its clientele and on 
the locality in which it transacts business—a 
country banker, for instance, will not deal with 
shipping business. These operations are further 
referred to in the succeeding sections. 

Space does not admit of a detailed historical 
resumé showing how the Bank of England 
(referred to hereafter as the Bank) came to be 
regarded as the focus and centre of the financial 
world of this country, but only permits of those 
incidents and enactments being touched upon 
which exercise a direct influence on the present- 
day position. 

The Establishment of the Bank. 
The Bank is the offspring of a political organi- 
sation. At the time of its establishment, the 
reigning monarch, William III, was none too 
securely seated on his throne. Notwithstanding 
his undoubted abilities, he had not overcome 
the prejudices of the Tory party, but had, un- 
fortunately, seriously alienated the sympathies 
of the districts in which they predominated. He 
was dependent, to a very lage extent, on the 
support of those trading contres whose merchants 
dreaded the possibility of the return to power 
of the Stuart Dynasty, and made it the first 
article of their political faith to support that 
which stood to prevent the occurrence of such 
a contingency. The merchants and citizens of 
London, the largest of all such centres, having still 
in mind a scandalous breach of trust perpetrated 
upon them by a Stuart king, were at once the 
most important and the most vehement section 
of the Whig party, and were the means of 
enabling it, in the divided state of the country, to 
maintain a front against the power of France. 

The Government, in consequence of the 
ceaseless war expenditure, were never free from 
financial embarrassment, and, therefore, when at 
a time of particular gloom a proposal was made 
for the establishment of a corporation to sub- 
scribe in the first place a new loan, they readily 
agreed to concede to it certain privileges and 
monopolies in banking. 
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These privileges were limited to a certain 
number of years, but this clause was rendered 
completely inoperative by the never-ending 
financial predicament of each succeeding Govern- 
ment, the Bank authorities, at each renewal! of 
their charter, being able by some judicious 
assistance (coupled with that rendered during 
the period then elapsed) to retain each and all, 
and oven at times to add to their stringency. At 
no time, as a result of the continual struggle with 
France, was any Government able to bargain with 
the Bank authorities on even cqua] terms, the 
matter only being brought to a conclusion by the 
Act of 1844—the arrangement that is at present 
in force. 

The Bank’s Monopoly. The practice of 
banking at the close of the seventeenth century 
was looked at very differently from the way in 
which it is now regarded. Deposit banking in its 
present form was non-existent, and it was deemed 
impossible to make banking profits without the 
right of issue, this dogma being so firmly held 
that, to all intents and purposes, banking and 
note issue were interchangeable terms. In 
consequence of this, when it was desired to give 
the Bank the sole right of corporate or joint-stock 
banking in England (afterwards restricted to the 
district within 65 miles of London) it was deemed 
sufficient to enact, to quote the words of the 
Act of 1708: 

“That during the continuance of the said cor- 
poration of the Governor and Company of the 
Rank of England it shall not be lawful for any 
body politic or corporate whatsoever, created or 
to be created (other than the said Governor and 
Company of the Bank of England) or for any 
other persons whatsoever, united or to be 
united in covenants or partnership, exceeding 
the number of sic persons, in that part of Great 
Britain called England, to borrow, owe, or take 
up any sum or sums of money on their bills or 
notes payable on demand, or at a less time than 
six months from the borrowing thereof.” 

Banker to the Government. In conse- 
quence of this privilege and the interpretation 
accorded to it by current opinion, the only rivals 
which the Bank encountered in its trading were 
the private banks of the metropolis, and these, 
restricted in their number of partners to six, 
tacitly admitted their inferiority to a large 
corporate body possessing the support and 
friendship of the Government, gave up in time, 
although under no obligation to do so, their own 
is3ues, and used the notes of the privileged insti- 
tution. Although not a State bank in the strict 
sense of the word, but only an ordinary tradi 
company, it held the privilege already touched 
upon, acted as banker to the Government, and 
was regarded by the private bankers as possessing 
@ prestige greater than their own. With the rise 
of deposit ban‘ing, an additional weight was 
given by the circumstance that when it was 
discovered that joint-stock banks could transact 
& profitable business (without the issue of notes) 
within the restricted area, the banks which then 
entered the field of operations did not dispute the 
Ee they found accorded to the Bank of Eng- 
and, but, on the contrary (the preliminary 
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acrimonious disputes ori inating mm the jealous 
anger of the Bank authorities having been 
closed), gradually established with it the present 
friendly relations, and concluded by making tt the 
deposttory of their reserves. 

The Country's Final Reserve. The 
Bank, originally established solely with a view to 
transact corporate banking and to lend some 
very acceptable assistance to Government, had 
already the care of the greater portion of the 
paper currency of the country committed to its 
charge ; but this action on the part of the other 
joint-stock banks saddled it with the more onerous 
duty of controlling and safeguarding the final 
reserve of this country, a duty which, although 
never formally admitted by the Bank authorities, 
claims the closest attention of the Court of 
Directors. 

The Bank’s note issue can, however, have but 
little claim upon their time, the duties of the 
Bank in this connection having been laid down 
with great rigidness and exactness by the Act of 
1844, which, in effect, converts the Bank (for 
this purpose) into what is nothing more nor less 
than a machine. It will be quite sufficient, in 
consequence, to briefly recount the objects of this 
Act and the means taken in it to attain them. 

The domain of finance is a particularly fasci- 
nating one for Parliamentary theorists, and, in 
consequence of the crises of 1797 and 1825, there 
existed, at the beginning of last century, a very 
considerable body of politicians deeply interested 
in this question. They were possessed by the 
firm conviction that the crises and their attendant 
evils were solely due to excessive issues by the 
country banks, who were held to have encouraged 
the most reckless speculation. Their £1 issues, 
circulating largely in the hands of a class 
at that time uneducated, and in consequence 
extremely liable to unreasoning panic (in the 
event of any suspicion arising as to the cir- 
culating medium), were singled out for special 
attack. 

Country Banks and Panic. The disease 
was considered too desperate for cure. The 
small notes were got rid of, and the Act of 1844 
was passed to cripple, and in time destroy, the 
country circulation—a process that seems to be 
approaching completion. 

The following constitute the chief provisions 
of the Act of 1844: 

1. The Bank of England was divided for the 
purposes of the Act into two departments, those 
of Issue and of Banking. The Banking Depart- 
ment (carrying on business in the ordinary 
manner), is not dealt with by the Act. 

2. The debt due by the Government to the 
Bank, and sufficient securities to make up a total 
of £14,000,000, were to be taken over by the 
Issue Department, and that department was 
authorised to hand to the Banking Department 
notes equalling this sum. In addition, it was 
authorised to hand to the Banking Department 
notes in exchange for all bullion transferred, with 
the provision that the s‘lver bullion held at any 
time by it was not to exceed one-fourth of the 
bet of gold bullion concurrently held by 
them 


3. Notes at the rate of £3 17s. 9d. per standard 
ounce were to be given by the Issue Department 
in exchange for gold bullion tendered to it. 


4. If for any reason some country issue lapsed, 
the Crown in Cougcil was authorised to increase 
the issue of the Bank against securities to the 
extont of two-thirds of the lapsed issue. The 
reasoning on which this provision was founded 
was the supposition that against such issucs an 
amount in bullion equalling a third of their sum 
would be held by the issuing banks ax a rescrve, 
and would, on the issues Japsing, be thrown into 
circulation, the net loss in currency being only 
two-thirds. The authorised issue against securi- 
ties is now £18,450,000. 

5. The weekly return, dealt with later, was 
ordered. 

Country Issues. We now give a list of 
the regulations with respect to country issues. 

1. Issuers restricted to those issuing on 
May 6th, 1844. 

2. Those then issuing allowed to continue, 
subject: to certain conditions. 

3. All claiming right to issue to return a 
statement of their average issue for the 12 weeks 
ending April 27th, 1844, and this to form the 
maximum of their future issues. 

4. Penalties imposed in the event of this 
maximum being exceeded, or of failure to render 
weekly returns. 

5. The Bank of England authorised to com- 
pound with those wishing to cease issuing, at 
the rate of 1 per cent. per annum, all payments 
to terminate in 1866. 

6. Issues lost if issuer became bankrupt, or 
ceased to issue, or if bank with six or less 
partners increased the number to more than 
six. A country joint-stock bank, issuing notes, 
establishing an office within 
65 miles of London (the 
National Provincial Bank is 
an example) does so at the cost 
of the loss of its issue, while if 
two joint-stock banks of issue 
unite, the resulting corporation 
can only retain the issue of one 
whose name it takes. 

7. A yearly licence of £30, 
payable for each place of issue 
—four licences to cover all 
branches open prior to 1844. 

8. Any company or cor- 
porate body allowed to carry 
on banking business within 
65 miles of London, provided 
no bills were drawn, accepted, or endorsed 
by it payable to bearer on demand. 

Position of the Bank in a Crisis. No 
note may be issued under £5. The Bank 
of England notes, which are legal tender in 
England (save when tendered by the Bank) 
ere only payable et the office of issue or in 
London—repayment of a note issued in Bir- 
mingham cannot be legally demanded at Liver- 
pool, but it is payee in gold on demand at 

irmingham or London. 

Subsequent events speedily showed that, what- 
ever merit the Act sould. lay claim to, ite 
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Dividend Account 
February sth. 


AS aad Capital ..£14,653,000 


es ‘6 fue 
(e) Public Deposita*.. 

(d) Ocher Deposits .. “es 
(e) Seven Day and other Bills 
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automatic action could not prevent in the 
slightest degree those recurrent crises (ascribed 
formerly to excessive country issues) to regulate 
which was the primary intention of its framers. 
On three separate occasions (in 1847, 1857, and 
1866) the operation of the Act was suspended as 
the only means of combating the existing panic, 
and on cach of these occasions a continuance 
of the Act's restrictions would have entailed the 
stoppage of the Bank. 
he approach of anything like a financial 

crisis at once makes an impression on the 
Bank’s reserve. Bankers all over the country 
are called upon to grant loans or to repay 
deposits (with a consequent withdrawal of 
their balances at the Bank). As the tightness 
increases, 80 do the demands on the Bank—the 
increased demand for settlement of debts in cash 
roquring an enlarged circulation of currency. 
The notes of the Bank of England possess so 
great a prestige that even in the severest panics 
this country has known they have been accepted 
by all as the equivalent of gold. An increase 
in this universally accepted credit money will, 
as in the past, speedily combat the effects of a 
panic, by enabling all solvent individuals to 
obtain the assistance they require ; but until the 
suspension of the Act makes it permissible for 
the Bank to issue without regard to bullion in 
its vaults, every note issued brings the auto- 
matic stoppage of the Bank nearer, and increasos 
rather than diminishes the panic and failures. 

The Bank’s Weekly Return. Before 
the operation of the Bank's discount rate can 
be dealt with, some explanation of the weekly 
return required by the Act of 1844 is desirable. 
The following is a copy of that for the week 
ending February 7th, 1906: 


BANK OF ENGLAND 


ursuant to the Act 7 and & Vict., cap. 32 for the week ended on 
Wednesday, February 7th, 1906. 


ISSUE DEPARTMENT 


.. £50,405,050 Government Debt .. .. £11,015,100 
Other Securities ie .. 7,434,900 

Gold, Coin and Bullion . 31,955,050 

£b0,405,050 £60,405,050 


BANKING DHPARTMENT 
Government Securities. , £12,584,867 





4,681,456 Other Securities .. .. $3,911,131 
9,638,276 (a) Notes... i , 22,171,330 
1,794,089 (6) Gold and Silver Coin 1,620,306 
119,913 
£69,687 634 £60,687 ,654 


* Including Exchequer, Savings Banks, Commissioners of National D:bt, and 


J... NAIRNE, Chief Cashier. 


The practice of the Banking Department is to 
deliver to the Issue Department all bullion held 
by it, with the exception of about a million 
sterling (retained as till money), and to receive 
in return notes of an equal value. The real 
issue (t.e., the circulation in the hands of the 
public, in the above example) is therefore 
£28,233,720 (£50,405,050 leas £22,171,330). As it 
is in the power of the Banking Department to 
demand from the Issue Department coin or bul- 
lion for the notes held by it, the available metal 
reserve of the Bank was socortiney £23,791,636 
(£22,171,330 plus £1,620,306). long a3 the 
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Act remains in operation, the Bank cannot 
allow the total bullion in its hands to fall below 
the amount of the real circulation less the 
issue authorised against securities—the amount 
of bullion in the case given being represented by 
the figure £9,783,720 (the real circulation being 
£28,233,720, and the authorised issue £18,450,000). 
Once the bullion in the vault reaches this point 
the Bank ceases to do business, no matter how 
greatly its assets exceed its liabilities, or how 
readily its notes are es unless the opera- 
tion of the Act is suspended. 

The item of £14,553,000 is the capital of the 
shareholders, while that for £3,581,456 is the 
rest or reserve fund of undivided profits (which 
latter is in practice not allowed to drop below 
£3,000,000). The liabilities of the Bank to the 
Government and public are composed of the 
remaining three items, in this instanco amounting 
(o £51,653,178. 

The Bank’s Reserve. The last item of 
these three is a small one, consisting entirely of 
outstanding drafts, and is easily provided for, 
while, except in time of war, the public deposits 
oocasion, or should occasion, no trouble to the 
Bank authorities. The periods of collection and 
expenditure are regular, and the reserve to be 
kept against them is easily ascertained, while 
it is safe to assume that the Government will 
not be forced to withdraw its deposits in time 
of peace to satisfy its creditors. The variations 
of the remaining item are not so regular, and 
one section in particular, the bankers’ balances, 
is very liable to sudden withdrawals. 

The Bank’s directors have weekly to decide 
if, in their opinion, and in view of every circum- 
stance, the reserve comprised of items a and 6 
is a sufficient one to be kept against c, d, 
and e. The proportion deemed to be safe is 
not a constant one, and, indeed, it may happen, 
through an unexpected financial movement, that 
the reserve formerly considered inadequate may 
be looked upon as too large, although it has 
remained stationary, and the Bank’s liabilities 
have at the same time largely increased. 

The factors which may qualify so largely the 
relative amounts are the state of internal trade 
and of international exchange, while the lever 
with which the Bank endeavours to keep its 
reserve at the desired proportion is its Minimum 
Discount Rate. 

Influence of the Marketa. But the 
Bank finds its task to-day by no means so 
easy of accomplishment as in the past. Then 
it dominated the discount market of London 
(at that time without a serious rival or com- 
petitor), any change in its rate having an 
immediate effect. To-day the position is greatly 
altered. The markets exchanges of the Con- 
tinent and America must now be reckoned with ; 
the conditions of exchange, in consequence of the 
changed circumstances of commerce, are much 
more complex; it is surrounded by discount 
institutions with which it does not in ordinary 
times compete, whose business in some cases ex- 
ceeds its own, and whose interests may run con- 
trary to its proposed action ; the demand for gold 
has enormously increased ; and, while some other 
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markets absorb ily all metal that flows in 
their direction, they are by no means so willing 
to part with it in turn. In consequence the 
Bank may sometimes be compelled to supplement 
an alteration in ita rate by entering the open 
market and taking measures to see that the rates 
obtaining there approximate to its own. 

Long and Short Exchange. It is evident 
that a bill payable 90 days after sight is not so 
valuable as one which is payable on demand, 
the difference equalling the disnouné which the 
holder of the former bill would require to pay if 
he desired to realise the draft. The Wrench 
merchant in Paris in buying a bill on London 
takes this, of course, into consideration, and, 
as he is only entitled to take credit when 
remitting to London a bill at 90 days (instead of 
one at sight) for the amount his London corre- 
spondent will receive on discounting the docu- 
ment, he will require an allowance from his 
fellow Parisian which will balance matters. The 
cash value of a bill for £1 payable in London in 
73 days, if discount is at 5 per cent., is £,22,, and, 
if the French sight exchange is at 25.25, its cash 
value in francs in Paris is ,{)ths of 25.25 = 
24.993. Inthe same manner a London merchant 
purchasing a bill on Paris payable in 73 days 
will require, assuming sight rate at 25.25 and 
discount in Paris at 5 per cent., to receive, 
expressed. in the face value of the bill. 49°ths 
of 25.25 francs (or 25.50$ francs) for each 
£1 in cash. 

A change in the London discount rate entails 
& corresponding variation in the long forei 
exchanges, which does not extend to the sight 
exchanges. An increase to 6 per cent. would, 
if the sight rate continued to be quoted at 25.25, 
alter the cash value of the bill for £1 at 73 days 
on London to 24.94 5% francs, while a fall to 
4 per cent. would result in a quotation of 25.04 
francs, A rise in interest in London allows bills 
drawn on it at a usance to be purchased for a 
less amount in foreign currency, and renders 
unprofitable the resale of bills already held. 
The rates given are quite arbitrary, and in 
actual practice stamps and other factors enter 
into account. 

The Effect of Bank Rate on Mar- 
Ket Rate. The interest allowed by bankers 
and bill brokers in this country on deposits 
lodged with them varies with the Bank’s dis. 
count rate. Any rise or fall in the Bank’s rate 
is reflected in the deposit rate and consequently 
in the discount rate of the open market, com- 
eles tending to keep the margin of profit 

tween these two rates uniform. A rise in 
the Bank’s discount rate (implying a rise in 
interest rates all over the country) is, however, 
regarded, by the trading community as a most 
disagreeable check on industry and production, 
only justified by the existence of some erous 
tendency, which cannot be defeated save by 
means of such an agency. 

One striking difference between the prac- 
tice of banking on the Continent and in this 
country is the prevalence of ries exchange 
business there compared with absence 
of it here. This statement seems, at first 


sight, to be ridiculous, but what is meant 
is that, while a Manchester banker will not 
hold a bill on Paris in his bill case, but 
will forward it at once to London for collec- 
tion or sale, a Paris banker will retain a 
Manchester bill until maturity should it be worth 
his while to do so. Again, the British manu- 
facturer or merchant has no wish, as a rule, 
to indulge in the speculation of exchange. All 
his calculations are based in sterling money ; 
he knows oxactly what he requires to receive 
or pay in this currency to make his usual profit, 
and, if the foreigner will remit to or draw upon 
him a bill in English sterling money, he will 
cheerfully leave to him any pickings or pleasur- 
able excitement he may obtain from the fluctua- 
tions in exchange. As a result an enormous 
number of bills are drawn on the Continent upon 
this country, and these form a favourite source 
of investment among Continental bankers. 

Effect of the Bank’s Discount 
Rate. The rate at which they are discounted 
is the London one, and, should the foreign rate 
of discount rise above this, it will be to the ad- 
vantage of the Continental banker to soll or 
discount his London paper and invest his money 
at home. If this is done to any great extent 
the exchange will be forced down, and may in 
time approach the gold point unfavourable 
to this country. On the other hand, by raising 
the rate in this country this danger is averted, 
and. if the excess over the Continental rate is 
sufficiently great it will in time induce a flow of 
gold to this country through the lock-up of 
paper drawn at a currency. 

The Bank’s directors, therefore, when the 
reserve is low, the foreign exchanges unfavour- 
able, or the outlook unpromising, prevent by their 
influence over the money market of this country 
the export of gold, or even induce its import ; 
while, if the reserve be high, the exchanges 
favourable and the outlook settled, they will, 
by the reduction of their rate, assist industry 
and commerce throughout the country. 

Private and Joint-stock Banks. The 
other banks divide themselves naturally into 
two distinct classes—the private and the joint- 
stock banks. The former were at one time a 
very numerous body, no locality being without 
its bank, the partners of which were recruited 
from local families, but of the vast majority 
no trace is left save a string of names (as an 
alternative title) on the stationery of the branch 
of the absorbing joint-stock bank. In not a few 
instances one family established themselves as 
bankers in various localities, the style under 
which the business was carried on varying accord- 
ing to the nomenclature of the local partners. 


The London bankers enjoyed a higher stand- 
ing than their provincial compeers, but even of 
them only a fow now remain. The present da 
tendency is in the direction of large joint-stoc 
ar eage possessing numerous branches, some 
in the agricultural districts, and others in tho 
manufacturing or trading centres, each institu- 
tion being in this way independent of any 
outside agencies for deposit or loan business, 
the tote] number of bank offices in this country 
at the cloe of 1905 being 7,393. No super- 
vision or control is exercised by the Bank 
of England over its business competitors, 
although its notes are used ky them, and it is 
made the depository of their reserves. This, 
however, does not free the Bank from being 
called upon to assist all and sundry in time 
of panic. 

Branch Bankes. A number of branches 
spread over a large tract of country gives to 
any bank an increased recurity—a crisis in 
any particular part, which would, perhap». 
bring about the suspension of a purely local 
bank, being met by means of the assistance 
of branches situated in districts unaffected by 
the movement. The agency of London bill 
brokers in the employment of the surplus 
deposits of a bank in an agricultural district 
in the re-discount of bills held by a bank doing 
business in a manufacturing county is dispensed 
with by the amalgamation of the two institu- 
tions. The balance between any particular 
branch and al] the other branches (if the amount 
is due by it) chows the excess of its loans and 
cash balance over deposits—t.e., the excess of 
assets possessed by the bank at that office. 
A deposit branch will, on the other hand, be 
a creditor of the other offices. The naturo of 
the local business transactions havo a great 
effect on the items composing the running 
account between any branch and the other 
offices. 

The banks in the manufacturing town referred 
to in the last article will, if the foreign mer- 
chants pay in bills on London, receive and 
remit these for their credit in London. In this 
way they provide funds to enable the London 
office or correspondent to meet the cheques on 
the manufacturing town, issued by the manu- 
facturers in payment of raw material, which 
cheques will be presented through the Clearing- 
House by the agents of the bankers of the raw 
material suppliers. Again, if in tho receipts of 
any office there is contained a greater or lesser 
amount of cash than it can pay away in the 
ordinary course of business, the cash balance 
will be adjusted by periodical remittances to 
or from another office. 


Continued 
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29 North America—continued. The United States. 
The States of Central America. The Panama Canal. The West Indies 


The Federal Republic of 





By Dr. A. J. HERBERTSON, M.A., and F. D. HERBERTSON, B.A. 


THE UNITED STATES 


New England. New England consists of 
the states of Maine, New Hampshire, Vermont, 
Massachusetts, Rhode Island, and Connecticut. 
All belong to the highland region, and rise 
from a narrow coastal plain to rugged forested 
highlands, which make lumbering and the allied 
industries important, especially in Maine. The 
rivers form falls where they leave the highlands. 
Along this fall line, at no great distance from 
the sea, are many manufacturing towns, using 
cheap water and electric power. Boots, shoes, 
and textiles are manufactured in the Massa- 
chusetts towns; cheap clocks and other Bir- 
mingham wares in Connecticut; jewellery in 
Rhode Island; and boots and shoes in New 
Hampshire. Fisheries in the coastal waters and 
on the Newfoundland Banks are important, 
and much fish is canned or dried for export. 
Boston (Massachusetts) and Portland (Maine) are 
the busiest ports and commercial centres. 
Important universities have been founded, 
Harvard (Cambridge, near Boston) and Yale 
(New Haven, Connecticut), 

Resources of the Mid-Atlantic States. 
New York, Pennsylvania, and Maryland lie 
partly on the Appalachian plateau and partly 
on the coastal plain, the breadth of which rapidly 
increases to the south. New Jersey, Delaware, and 
the district of Columbia, the territory containing 
the Federal capital of Washington, are on the 
plain. The Appalachian heights are lowest in the 
north, where the Hudson and Mohawk valleys, 
the latter followed by the Erie Canal, make com- 
munication across them easy. The Delaware and 
Potomac make important routes further south, 
where the height and ruggedness increase. 

The forests of the fe meet supply valuable 
timber. The Pennsylvania highlands contain 
immense deposits of coal, iron, and petroleum, 
making this a wealthy industrial region, with 
many flourishing towns, of which the greatest is 
Pittsburg, on the Ohio. Many manufacturing 
towns—such as Trenton, in New Jersey—haye 
grown up at points where the rivers form falls 
on leaving the highlands. Lumbering, farming, 
and dairying are all important, and the fisheries 
off the coast are of considerable value. Chesa- 
peake Bay has large oyster fisheries, and Balti- 
more exports both Fresh and canned oysters. The 
whole region is very prosperous, and only a few of 
the innumerable flouri towns can be named. 

New York, the largest port and commercial 
and manufacturing centre, has more than half 
the population of London. It is built on the 
shores of the Hudson and on islands at ite 
mouth. Among its natural advantages are a 
magnificent harbour on the Atlantic, and easy 
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communication with the St. Lawrence, the 
Great Lakes, and the west, by the Hudson 
and Mohawk valleys. It is the outlet for the 
whole carps east of the Rockies. Built on 
a relatively limited space, and with an enor- 
mous population crowded into a small business 
quarter, it expands upwards by erecting enor- 
mous buildings, or skyscrapers, twenty or thirty 
storvys high, one building containing the popula- 
tion of a small town. It is a fine city, with 
broad streets and beautiful parks. 

Some Flourishing Cities. The beautiful 
scenery of the Hudson valley has earned it the 
name of the American ine. Albany, the 
capital of New York State, is built at the 
head of tidal navigation. The Mohawk valley 
and Erie Canal lead to Buffalo, on Lake 
Erie, which utilises the power supplied by 
Niagara for its flour mills, distilleries, fiswones 
and machine shops. Troy, near Albany, manu- 
factures shirts. Pittsburg, already mentioned, has 
oil wells and refineries, as well as the largest steel 
works in the United States. It was the old Fort 
Duquesne, and commands many routes to the 
west, and the important route east across the 
Appalachians by the Potomac. The outlet of 
isan gh aie is the port of Philadelphia, which 
manufactures locomotives, vessels, and machinery 
generally. In New Jersey is Trenton, famous 
for pottery, and Jersey City, in reality, a suburb 
of New York. In Maryland, Baltimore competes 
with New York and Boston in shipping prairio 
wheat, which is brought across the Appalachians 
by the Potomac Gap. Its commerce also includes 
many products of the southern states and its own 
manufactures. Washington, the Federal capital, 
the City of Magnificent Distances, is finely 
planned on modern lincs, with many parks, 
broad avenues, and national monuments. The 
Capitol is the meeting-place of Congress, and the 
White House, the residence of the President, who 
holds office for four years. 

The Southern Atlantic and Gulf 
States. Virginia, North Carolina, Tennessee, 
Alabama, and Georgia, belong partly to the 
Appalachian region, which is here very high, 
rugged and difficult to penetrate. The forests 
of the mountains and of a strip of land near the 
coast are extremely valuable, and timber and 
turpentine are valuable exports. All the coastal 
states—Virginia, North and South Carolina, 
Georgia, Alabama, Mississippi, Louisiana—havo 
hot, moist coastal swamps, in which many 
valuable crops are grown, chiefly by negro labour. 
The summers are extremely hot, and the winters 
warm. Texas, Mississippi, the Carolinas and 

ia lead in cotton, Louisiana in sugar—also 
cultivated in Florida and Georgia—and in rice, 
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also raised in the Carolinas and Georgia. Much 
of Texas is too dry for agriculture but forms 
good grazing country. The stock from Texas 
and from the adjacent Oklahoma and Indian 
Territory is slaughtered or sent east. Coal 
is widely distributed in Alabama, Tennessee, 
Indian Territory, Arkansas and Texas, iron in 
the first two states, and petroleum in Texas. 
Steel is manufactured at Birmingham, in Ala- 
bama. The cotton manufacture is developing 
rapidly, especially where water power is avail- 
able, as at Atlanta and Augusta, in Georgia. 
Richmond, in Virginia, at the head of tidal 
water on the James River, manufactures cotton 
and tobacco. The Atlantic ports, Norfolk, 
Wilmington, Charleston, Savannah, and the 
Gulf ports, Pensacola, Mobile, New Orleans, 
Galveston, and Houston export cotton. The 
Atlantic ports also ship lumber and turpentine. 


The Prairie States. West of the 
Appalachians are the prairie states of Michigan, 

isconsin, Minnesota, North and South 
Dakota, Ohio, West Virginia, Kentucky, Indiana, 
Tllinois, Missouri, Iowa, Kansas, and Nebraska. 
The north-eastern portion of this area is 
within the forest belt. Parts of West Virginia 
and Kentucky are in the forested Appalachian 
region, but west of these the Black Hills of South 
Dakota are the only considerable elevations. 

These prairie states are the great food-producing 
regions of the United States. In the eastern 
ade Ti wheat is grown in the north, and maize, 
ocally used to fatten hogs, in the south. Stock 
is kept on the drier ranches of the west. F'lour- 
milling, brewing and distilling, are important 
in the cial towns of the farming regions, and 
the slaughtering of cattle, the canning and 
preserving of meat, and the preparation of hides 
and leather, are important industries in the large 
towns nearer the ranching districts. The states 
round the Great Lakes are densely forested, and 
the lumber industry in all its forms is important. 
The mineral wealth is great. Much iron is 
mined round the western end of Lake Superior, 
and copper is abundant near the south shore in 
Michigan. Coal is widely distributed, and petro- 
Jeum and natural gas abound in Ohio and Indiana. 
Gold is obtained in considerable quantities 
in the Black Hills of Dakota. Many industries 
are growing rapidly, the principal, in addition to 
those connected with food-stuffs, being the 
manufacture of railway plant, for which both 
iron and timber are easily obtained. Shipbuild- 
ing is important at many of the lake ports. Add 
to this the very great facilities for movement 
in all directions across the level prairies, and the 
admirable water communication by lakes and 
rivers, and the actual and potential riches of 
these states become evident. 


Cities of the Prairie States. The 
capital of the prairies is Chicago, on Lake 
Michigan, built on the site of an old fort from 
which there was an easy portage to the Illinois 
tribu of the Mississippi. This is now 
follo by a canal, which permits water 
communication between the Gulf of St. Lawrence 
and the Gulf of Mexico. Chicago is one of the 
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greatest railway centres in the world, and the 
half-way house at which the products of east 
and west are exchanged. It has important 
manufactures of iron and finished lumber, but 
its characteristic industry is the slaughterin 

and preserving of the cattle and hogs fattene 

further west. Other important meat centres 
are Kansas City, Omaha, and Indianapolis. 
Cincinnati, once nicknamed Porkopolis, no 
longer deserves the name. Population has moved 
west, and Cincinnati, formerly on the western 
margin of the settled area, is now too far east to 
bea meat market of the first rank. Its situa- 
tion makes it an important commercial and 
transport centre. The leading state in lumber 
is Wisconsin. Minnesota takes the lead in 
flour-milling. The greatest flour-milling town is 
Minneapolis, at the Falls of St. Anthony, which 
supply the necessary power. It is practically 
continuous with St. Paul, the head of unbroken 
navigation on the Mississippi. Duluth and the 
lake ports ship much wheat. Brewing and 
distilling wre important at Milwaukee, on Lake 
Michigan, at Louisville (Kentucky)—famous also 
for its tobacco market—built where rapids inter- 
rupt the navigation of the Ohio, and at many 
other advantageously situated towns. Cleve- 
land (Ohio) has large ironworks, and is the port 
from which much Lake Superior iron ore is 
sent to Pittsburg. Of route towns note the 
importance of St. Louis, at the confluence of 
the Missouri and Mississippi, where many routes 
by land and water converge. These are but a 
few of the conspicuously prosperous cities in a 
region which little more than half a century 
ago was almost untrodden by white men. 

The Mountain States. Little need be 
said of the mountain states of Montana, Idaho, 
Wyoming, Nevada, Utah, Colorado, Arizona, and 
New Mexico. They are large, infertile, and 
thinly populated. Lying in the lee of lofty 
mountains, their climate is very dry. Most of 
the drainage is to the Pacific or the Gulf of Mexico, 
but in Utah and Nevada there is a great area 
of inland drainage, the Great Basin. The little 
rain that falls evaporates very quickly, and the 
rivers flow to lakes whose level not high enough 
to allow an outlet to the sea. Soule vein 
Arizona and Eastern California form the Ameri- 
can desert. The natural resources are much less 
valuable than in the prairie states. The moun- 
tains contain great mineral wealth, including 
gold and silver; but mining alone never leads to 
the permanent development of a region. Unless 
other sources of wealth are there, prosperity 
vanishes when the richer mines are worked out. 
These states have few such permanent resources. 
Ranching is successful in the eastern parts of 
Montana, Wyoming, and Colorado, but the 
risk of losing stock thro want of water 
makes it more precarious than in the prairie 
states. Agriculture is possible with irrigation. 
In the future great engineering works for irriga- 
tion will doubtless be undertaken. Salt Lake 
City, in Utah. illustrates the prosperity which 
results from successful oh gi Weg this 

ity is spreading to the irriga ions 
at the eastern base of the Rockies. om 


Towns are not yet, numerous. Denver (Colo- 
rado) has smelting works and other industries. 
Cheyenne (Wyoming) is the centre of the ranch- 
ing country, and an important railway centre. 
Natural beauty and bracing air are assets which 
will become valuable. Colorado Springs is already 
a frequented health resort. 

The Pacific States. The Pacific states, 
Washington, Oregon, and California are wooded 
in the west but arid in the east. Lumbering is 
important. Much of the timber used in the 
woodless districts of China comes from Puget 
Sound. Much wheat is grown in the fertile 
valleys between the coastal ranges, and thc 
mountains further east. The valley of Southern 
California, with the climate of Italy, produces 
all fruits in perfection, and manufactures wine. 
The salmon fishery is important in many rivers. 

The chief town 
is San Francisco, 
with a fine har- 
bour of great 
natural beauty 
and railway com- 
munication with 
all parts of the 
continent. It is 
the New York of 
the Pacific, and 
the starting- 
point of the 
trans -Pacific 
lines. Seattle and 
Tacoma (both in 
Washington) 
and Portland 
(Oregon) are im- 
portant ports 
further north and 
termina] stations 
of transcontinental lines. Of inland towns the 
most important is Sacramento, in the Cali- 
fornian valley. 

AlasKa. Alaska is on the margin of tundra 
and forest, and belongs to both regions. Gold 
is abundant in the sands of the Yukon and its 
tributaries and on the seashore near Nome. 
St. Michaels is the port of the Yukon. From 
Dyea the railway is carried to the upper Yukon, 
in Canada. 

MEXICO 


South of the United States lies Mexico, a 
federal republic of many states and territories, 
under an elective president. 

Mexico is a continuation of the southern 
United States, which it resembles. It lies 
between the Atlantic and Pacific Oceans, and 
includes the southern part of the Californian 
peninsula in the north-west, and the low pen- 
insula of Yucatan in the south-east. 


Mountains and Rivers. The two oceans 
are bordered by mountain ranges, between 
which is enclosed the plateau of Central Mexico, 
a continuation of the Colorado plateau. This 
plateau rises in height from about 3,000 ft. in 
the north, to 8,000 ft. in the Anahuac plateau, 
on which is the capital, Mexico City, in the south. 
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Many ranges cross the plateau, and in the extreme 
south is a lofty chain of volcanoes, active, 
dormant, and extinct. Orizaba (18,500 ft.) is 
one of the highest points of the continent. 

South of the Rio Grande, which forms the 
Texan frontier, tho rivers are impetuous moun- 
tain torrents, or flow in deep, rocky gorges, or 
barrancas, which may bo 1,000 ft. deep. These 
barrancas are often dry, except after rains, but 
they make communication across the plateau 
difficult. 

Tho Pacific cosstal plain is narrow. The 
Atlantic coastal plain ia about 60 miles broad and 
fringed with lagoons. Mexico has very few good 
natural harbours in a coast-line of 6,000 miles. 

Climate. Three zones of climate aro dis- 
tinguished by the Mexicans. Up to 3,000 ft. is 
the terra caliente, or hot belt, with a tropical 
climate ; rom 
3,000 to 9,000 ft. 
the terra tem- 
plada, ot tem 
perate belt ; and 
above 9,000 ft. 
the tierra fria, or 
cold belt. Within 
these belts there 
is naturally con- 
siderable _-varia- 
tion, according to 
elevation. 

Northern 
Mexico and the 
Californian pen- 
insula resemble 
the adjoining 
arid regions of 
the United 
States, and only 
the mountains 
receive rain. There is a desert area in the lee of 
the western Sierra Madre. Elsewhere, there is 
more or less rain during the summer wet season, 
but the dry season is rainless. 

The terra calvente is covered with tropical 
forest, producing palms, rubber, and the valuable 
rosewood and mahogany. In the terra tem- 
plada the plateau is treeless, but the mountain 
slopes are forested with evergreen oaks and, 
higher, with the usual temperate forest trees. 
In the drier regions the vegetation is of tho 
desert type. Giant cacti are common, ‘and 
the agave, or American aloe, from which a 
highly intoxicating drink and a most useful 
fibre are obtained, is very abundant. 

One of the most forbidding varieties of cactus 
grows to from 5 to 15 ft. high, the whipstock 
arms being without branch or joint but covered 
close with heavy, recurved thorns, like tigers’ 
claws. Then there is the tree yucca, big of 
trunk and branched like an oak, and bearing 
on the end of each arm a bunch of bayonet- 
shaped leaves, the dead stems of which form the 
bark, and so dry that when lighted the whole 
flames up. Or, again, there is the pita haya, 
mightiest of cacti, which, as single stems or 
branches, look like green telegraph poles or 
giant candelabra. 
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Mexican Scenery. With its combination 
of forest and desert, plateau, mountain and 
barranca, the scenery of Mexico is very varied. 
A traveller in the north-western Sierra Madre 
writes: “‘One may traverse a group of high, 
dome-topped hills, beautifully studded with 
dwarf pines or mountain oak, and clothed with 
long grass, the home of the antelope and the 
turkey, and in another milo these may be sud- 
denly cut off by some huge chasm, surrounded 
by towering crags and steep, water-worn gullies. 
Then may follow a glimpse of the main ridge, 
crowned with its pine and cypress forests, and 
perhaps streaked with snow. At high altitudes, 
throughout this range, occur the charming level 
plots called Ilanos, and known in the Rockies 
as parks. These are frequently seen at a parting 
of the waters, where an infant stream creeps 
, through the deep, alluvial soil, and nourishes the 
meadow-like expanse surrounding it. Groups of 
stately trees are dotted over these tracts. 
Within an hour or two of mule riding all this 
may have given place to a series of precipitous 
heights, wild, ragged, and nearly bare, except 
of cactus and mosquito.” 

Agriculture and Minerals. With water, 
the soil of Mexico is fertile, and where irriga- 
tion is possible, two crops a year can be 
grown. The agricultural methods, as might be 
expected in a tropical country, where four-fifths 
of the people are wholly or partly of Indian 
blood, are very primitive. In recent years, 
much attention has been given to better methods 
on the larger farms or hactendas. In the coastal 
belt it is almost impossible for white men to do 
heavy work. Coffee is the most profitable of 
the crops of the tierra caliente, which also produces 
sugar, cacao, cotton, and vanilla. The dry 
climate of Yucatan suits fibre plants, the most 
valuable of which is henequen, or sisal hemp. 
On the plateau, wheat is grown wherever irriga- 
tion is possible; the vine does well in many 
districts, and maize and tobacco are cultivated 
in the Anahuac plateau. An immense variety 
of fruits, tropical and temperate, come to 
perfection. exico is enormously rich in 
minerals. Its 1,300 silver mines turn out many 
millions pounds’ worth of silver annually. Gold 
is also worked, as well as iron, copper, and tin. 
There are deposits of coal and petroleum, but, 
owing to their situation, it is doubtful whether 
they can be profitably worked, and many loco- 
motives have to use wood fuel. 


Economic Conditions. There are some 
manufactures, including textiles, pottery, straw 
hats, etc., but the great resources of Mexico will 
cag always be agriculture and mining. 

exico has several natural disadvantages. The 
better watered and more thickly peopled 
southern plateau lies 8,000 ft. above the sea, 
communication with which is therefore difficult 
and costly. Till 1873, when the line from 
Mexico to Vera Cruz was opened, there was no 
railway from the coast to the plateau. Mexico is 
now connected by several routes with the lines 
of the United States, but even on the plateau the 
numerous mountains and barrancas make the con- 
struction of railways difficult and costly. There 
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are no navigable rivers excopt in the Atlantic 
coastal plain, which is unsuitable for white settle- 
ment. These causes, and the preponderance 
of Indian over European blood, made Mexico 
develop more slowly than its great neighbour. 

Towns. Mexico City, finely situated in a 
plain 8,000 ft. above the sea, dominated by the 
great volcanoes of Popocatepetl and Ixtaccihuatl, 
carries on various manufactures. The ports 
on the Atlantic are Tampico and Vera Cruz, 
and on the Pacific the Acapulco, one of the 
finest harbours in the world, and Mazatlan, all 
connected with the plateau by rail. A railway 
crosses the Isthmus at Tehuantepec. 

CENTRAL AMERICA 

Central America is united to North America 
by the Isthmus of Tehuantepec (130 miles broad, 
390 ft. high), and to South America by the 
Isthmus of Panama (31 miles broad and 285 ft. 
high). Its length of 1,200 miles is occupied by 
the southern part of Mexico, British Honduras 
(7,500 sq. miles), and the republics of Guate- 
mala (42,500 sq. miles), Salvador (8,000 sq. miles), 
Honduras (46,000 sq. miles), Nicaragua (48,000 
sq. miles), Costa Rica (21,000 sq. miles), and 
Panama, all with few white inhabitants. 

Climate and Products. Central America 
is mountainous and volcanic, with one important 
depression, occupied by Fonseca Bay, Lakes 
Managua and Nicaragua, and the San Juan 
river. Here it has been proposed to unite 
the Pacific and Atlantic oceans by cutting 
a canal. Among the difficulties attending the 
enterprise is the existence of an active volcano 
on an island in Lake Nicaragua. The coastal 

lains are narrow, forested, and often swampy. 

he same zones of climate and vegetation—tierra 
caliente, tierra templada, and tierra fria—are 
found as in Mexico. The rainfall is everywhere 
heavy. The forests of the tierra caliente supply 
rubber, mahogany, logwood, bananas, coco-nut 
palms, drugs, and other produce. The cultivated 
crops include cacao, cotton and coffee—that of 
Costa Rica being specially good; and cotton, 
tobacco, maize, wheat, potatoes, etc., are grown 
at suitable elevations in the tierra templada, 
much of which is forested. The west is the better 
cultivated and more populous side. 

Towns. Belize, in British Honduras, ships 
mahogany, logwood, rubber, coco-nuts and 
bananas. In Guatemala a railway runs from the 
Pacific port San José to the capital, Guatemala 
City, and thence across difficult country to the 
Atlantic port Puerto Barrios. The coffee, sugar, 
vanilla, and indigo of Salvador are ship 
from La Libertad, the port of the capital of San 
Salvador. Honduras contains no towns of 
importance. In Nicaragua a railway runs by 
Leon, Managua, on Lake Managua, and Granada, 
on Lake Nicaragua, to the chief port, Corinto,, 
on the Pacific Coast. Another line crosses Costa 
Rica from the Atlantic through San José, the 
capital, to Punta Arenas on the Pacific. 

A railway 45 miles long is constructed 
across the narrow Isthmus of Panama from 
Colon or Aspinwall on the Atlantic to Panama 
on the Paci A great ship canal is in course 
of construction. 
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GEOGRAPHY 


THE WEST INDIES 

The West Indies lie between North and South 
America. Off the coast of Florida are the low, 
infertile coral Bahamas, belonging to Britain and 
producing chiefly sisal hemp. The Greater Antilles 
are Cuba (45,000 sq. mules), Jamaica (4,200 sq. 
miles), Hispaniola (10,000 sq. miles), and Porto 
Rico (3,700 sq. miles). The numerous Lesser 
Antilles are all small. Off the mouth of the 
Orinoco are the British islands of Tobago and 
Trinidad (1,870 sq. miles). 

Climate and Products. All the West 
Indies are tropical, though most are high enough 
to have a temperate chmate and products im the 
highlands. Late summer and autumn 1s the 
rainy season, and the heaviest rainfall is on the 
east. Destructive hurricanes often cause im- 
mense loss of life and property, while disastrous 
earthquakes and volcanic eruptions occur from 
time to time. In °1902 the eruption of Mont 
Pelé, in Martinique. one of the Lesser Antilles, 
destroyed the town of St. Pierre and nearly 
30,000 inhabitants. 

The soil is very fertile, especially in the voleanic 
islands, and all kinds of tropical produce can be 
raised. Most of the islands are covered with 
dense forests, producing mahogany, and other 
valuable timber. The once flourishing sugar 
industry is declining, except in Cuba, through 
neglect of modern methods of cultivation and 
also owing to the competition of bounty-fed 
European beet sugar. 

Beauty of the West Indian Scenery. 
Every traveller vainly tries to paint the beauty 
of a scene made up of mountains, forest, and 
sea. ‘‘ The mountains range higher and higher,” 
writes Kingsley of Guadeloupe, in the r 
Antilles, ‘‘ with corries and glens, which, when 
seen near, must be hanging gardens of 
stupendous size. Tiny knots on distant cliff- 
tops are really single trees of enormous height 
and breadth. Gullies, hundreds of feet in 
depth, represent the rush of the torrente 
which have helped through thousands of rainy 
seasons to scoop them out. In singular con- 
trast with the rugged outline is the richness of 
theverdure. Each glen has buried its streamlet a 
hundred feet deep in vegetation, above which 
here and there towers the grey stem and dark 
crown of some palm. The islands, though in- 
tensely green, are not of one, but of every 
conceivable n, or, rather, of hues ranging 
from pale yellow through all greens into cobalt 
blue. As the wind stirs the leaves and sweeps the 
lights and shadows over hill and glen, all is 
iridescent, like a peacock’s neck, till the whole 
island, from peak to shore, seems some glorious 
jewel—an emerald with tints of rE rey and 
topaz, hanging between blue sea and white surf.” 

Tropical Fruits. The fruits of Cuba show 
the profusion of Nature’s gifts in the tropics. 
Besides the well-known banana, orange, lemon, 
lime, and fig, are many fruits unfamiliar to 
us. “The rose-apple, or rose-fruit, is as large 
a6 # good-sized peach, smooth-skinned and cream- 
coloured, with an odour and taste of attar 
of roses. The mango grows on a tree very similar 
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to our apple-tree. It is the size of a pullet’s 
egg, yellow in colour, grows in long bunches, and 
is very juicy when fully ripe. e sapotilla is 
a fine tree, with a bell-shaped white flower, 
as fragrant as apple blossoms. The delicious fruit 
is the size of a peach, in a rough russet skin. 
The custard apple grows wild, and is also culti- 
vated. It is green in colour, tough-skinned, 
acid in flavour, and full of small black seeds. 
The star apple is so-called because when cut 
in half a star appears in the centre. The meat 
is green in colour, is eaten out of the skin with 
a spoon, and tastes like strawberries and cream. 
The guava, though not eaten in its natural state, 
is of universal use in making the well-known 
guava preserves and jelly. It has a peculiar 
odour, which will scent a room for hours. The 
tamarind grows in a pod-shape on a lofty shade 
tree, and when ripe is of the consistency of mar- 
malade and quite as luscious. The alligator pear 
is used as a salad. Last, but not least, is the 
pineapple. The fruit grows out of a bunch of 
great leaves 18 in. or 2 ft. from the ground.” 

The Greater Antilles. Cuba is an inde- 
pendent republic, though with intimate relations 
with the United States. It is the largest of the 
islands, and is mountainous in the west, where 
the tobacco from which the famous Havana cigars 
are made is grown on the lower slopes of the 
Organos Mountains. Sugar is grown in the hilly 
centre. The eastern mountains are rich in iron. 
The rich forests contain many valuable trees, 
including the royal palm, mahogany, and the 
Cuban cedar, of which cigar boxes are made. 
Havana. the capital, is on the north coast. 

Jamaica, the largest British island, rises to 
over 7,000 ft. in the eastern Blue Mountains. 
Many rivers water its fertile valleys. Bananas 
have replaced sugar as the chief export. Coffee, 
cinchona, allspice, ginger, arrowroot, tobacco 
and cacao are also cultivated in the clearings of 
the forest, which covers most of the island. The 
capital is Kingston. 

Hispaniola consists of the black republics Haiti 
(capital, Port au Prince) and San Domingo 
(capital, Santo Domingo). It has the usual West 
Indian resources, but these are little developed. 

Porto Rico, a possession of the United States, 
is very mountainous. Cattle are kept on the 
higher grass lands, while the plains and valle 
produce the usual West Indian orops. The 
capital is San Juan. 

he Lesser Antilles. The largest islands 
—Guadeloupe (580 sq. miles) and Martinique 
(380 sq. miles)—are Fretich. Both are volcanic. 
The usual crops areraised. The islands forming 
the Leeward and Windward groups are British. 
On Santa Luoia is Castries, formerly a British 
naval station, the best harbour in the West 
Indies. Barbados has a dense negro la- 
tion, eng: in cultivating sugar. The Dutch 
and Danish islands are of no great importance 

Trinidad and Tobago. Sugar and cacao 
are the chief products of Trinidad and Tobago. 
The Pitch Lake of Trinidad supplies large 
eer of asphalt, brought down to Port of 

pain, the chief town. 
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the matter of reading music, the study of 

harmony helps to a wonderful extent. The 
frequent appearance of certain chords leads to 
such an intimate acquaintance with these chords 
that the player by-and-by, recognising them 
at once as a whole, is saved the trouble ot 
‘spelling out”? to himself their individual 
constituents. Before beginning to play an 
unfamiliar piece, it is necessary to make your- 
self familiar with the key and the time. It the 
key is a difficult one, impress on your memory 
its third and seventh notes, especially ; play, 
too, once or twice the scale formed upon that 
key, and its relative minur. Then it is well, 
before starting, to look over the piece from 
beginning to end, as very probably the first 
page presents no difficulties, while the second 
may unexpectedly present something of a very 
startling nature. One of Schumann’s maxims 
to young musicians is: “Should anyone place 
& composition before you to play for the first 
time, look it through previously.” This advice 
should certainly be followed. In reading at 
sight, it is useless to stop when a mistake has 
been made. If you do this, and return to the 
passage, you are practising, not reading the 
piece. 

To gain confidence in playing at sight it is 
well at first to take some simple piece for reading 
—simple not only as to technical execution, but 
simple as to key. The practice should be regu- 
larly kept up, and as great a variety of material 
as: possible chosen. “‘ Playing at sight,” says 
Ernest Pauer, “is a kind of economic musical 
knowledge, and the following conditions are 
necessary for it: (1) a good grounding in tech- 
nical execution; (2) a regular and systematic 
knowledge of fingering ; (3) a cheerful and ready 
disposition ; and (4) undivided attention and 
concentration of the mind on the work in hand.” 
Some of these remarks are, of course, much 
beyond our present stage, but many of them will 
be of help now, and all can be recalled as the 
student advances. 

Four-part Playing. We return now to 
the “ Harmony Player.” and begin the work of 
the third step with four-part music and four 
new keys. In previous exercises the compass 
of the hand has been within a fifth. But this 
has been only a concession to the learner ; 
music cannot be confined within such a re- 
stricted limit. The compass must now be 
widened, and that involves certain extensions 
of the thumb and fingers in order to reach the 
outer notes. 

Look at Ex. 37. You will see that the right- 
hand part ranges from B to G—a sixth. Now, 
were it not for the B, which occurs four times 
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in the alto, the whole might be played with the 
fingers in their first positions. As it is, we must 
give two notes to the thumb, using it for its 
own proper digital (C‘), making it shift down to B 
when that note occurs, and back again to C. In 
the left-hand part the compass is also a sixth, 
and the thumb is treated in the same way as 
in the right hand by making it move upwards to 
A in the last bar and down again to G. This 
shifting of the thumb will be found constantly’ 
necessary in the imner parts, and the student 
should learn to manage it as neatly as possible 
so that the break in the sound may be all but 
imperceptible. 

A short prelude is the form in which the next 
exercise is presented. It is very simple until wo 
reach the third bar, where, in two chords, the 
right hand has three notes instead of tho 
usual two. The upper parts of this and the 
following bars should be practised thoroughly 
by themselves before combining with the 
under. 

The fingering from the beginning of the pen- 
ultimate bar to the end will be : 


4 3 ~ 4) 2 
~ 1 : 1 x 
x x“ 


Notice to keep the first finger on the tenor A 
in the last bar of the left-hand part when the 
fourth finger takes the bass D. The tendency 
will be to shift the thumb on to it, but there 1s 
no necessity tor this. 

Practice in the Key of A. Ex. 30 
brings forward the key of A with three black 
digitals. It is not difficult in itself, but may 
require considerable practice on account of the 
strange key. In the left hand we are obliged 
to break our rule regarding the use of the thumb 
on a black key. Thore is no other way—keoping 
them in the left hand—of playing the C shar 
which occur in the tenor but by shifting the 
thumb upwards from B. The C¥& intervening 
makes this uncomfortable at first, and the 
fingering in early attempts may be far from 
smooth. But the difficulty can readily be 
mastered by practising the left hand by itself 
slowly. 

In Ex. 40 we reach tho practical limit of “cn 
keys with the key of E, employing four blac 
digitals. In the right hand the x will have 
to shift from E to DZ, and in the left (sixth 
bar) to move upwards to CZ. Space need not 
be taken up in speaking in detail of Exs. 44-50. 
Though introducing the stretch of an octave, 
they will prove of no difficulty if the preceding 
exercises have been mastered. 
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A word may, however, be said about a definite 
left-hand fingering for the cadential form of 
the dominant seventh chord as seen in the 
Jast bars of Exs. 44 and 45. Take Ex. 44 as 
example. Ordinary hands would usually play 
the BD and A of the tenor as at (a); in the case 
of those having longer fingers, it would be most 
convenient to play these notes as at (b) : 


bo Fa 


a ee 
eR 
ee 


| _~@... 


24 
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les 


This is such a common progression that the 
student should decide at once which of the 
fingerings he will adopt, and stick to it. 

Ex. 51 brings the key of AD, with four black 
digitals. It is simplo until we reach the last 
cadence. Here the thumb cannot play both 
G and ED in the alto, but by a little stretch 
the G may be taken by the first finger. The 
thumb of the left hand has a good deal of shifting 
to do, having to play in all four different notes— 
Ep, D>, C and BD. A short chant in G 
follows, where we have the peculiarity of three 
og in the right hand almost throughout. 

his, again, involves a good deal of thumb 
shifting in the inner part, the fingers being left 
free as much as possible to play the treble 
smoothly. The right hand fingering should be: 





4 4 3 4 - 2 1 s4 4 3 4 - 
1 1 1 1 = x x 1 i ) or 
x x * b 4 x x x - 


In Ex. 42 you will observe that a scale passage 
is completed bétween alto and bass. Keep the 
E firmly down, and do not be alarmed at the 
dissonance produced by the entry of the D in 
the left hand. The last chord in the next exer- 
cise has three of its parts in the left hand. Keep 
the fourth finger on the continued E, take the B 
with first finger, and the D with thumb, shifting 
the latter on to the Cz in the last chord. 
Ex. 43 might have come sooner, for it intro- 
duces the key of E flat, with only three black 


im Sore 

the right hand the compass is a seventh. AD 
being the highest note, we play it with the fourth 
finger, and this, giving the tonic to the first 
finger, necessitates the thumb taking both BD 
and D. An exception will be found in the pen- 
ultimate bar, where we are obliged to stretch the 
first finger down to D, the thumb being already 
occupied with the B) held on in the alto. 
In the left hand the thumb has to play three 
notes—AD, Gand F. The remaining exercises 
in this step are all in keys already learnt, and 
involve no special difficulties. e last, how- 
ever, Ex. 58, gives directions for the use of 
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certain stops, which suggests that we had better 
turn aside for a little now, and try to learn 
something of the tone character of the different 
registers. 

Use of the Resgiatera. This is, indeed, 
very essential. The full resources of a good 
instrument can be brought out only by a player 
who knows what are the special individual 


“qualities of the “knobs” at his command— 


how and when to use them, singly and in com- 
bination. Nothing produces a worse effect 
than the indiscriminate use of the various 
registers, and nothing is more common with 
amateur players. Of course, as Mr. King Hall 
observes, since no two harmoniums are precisely 
alike in tembre, it is impossible to draw up a 
table setting forth accurately the qualities of 
the registers individually ; but the following 
remarks can be taken as approximately correct. 
Taking, then, the stops of our original instru- 
ment of four sets of vibrators in pairs, treble 
and bass, we have: 

1. Future; 1. Cor Anauars. This is one 
of the most useful stops in the instrument, 
suitable alike for slow or quick music, and may 
be effectively combined with any of the other 
stops. Its tone is of a round and fluty character, 
comparatively full, and with the advantage 
over some of the others of promptness of speech. 
It corresponds with the diapasons of the pipe 
organ, and should be used for all music of a 
soft nature. : 

2. CLARIONET; 2. Bourpon. This stop some- 
what resembles 1 in being of a round and 
fluty quality, but the tone is much broader and 
heavier, and the response to the touch is slower. 
When you draw it, you will observe that it 
produces sounds an octave lower than the 
actual note played. Hence, if you were to usc 
this stop alone it would be necessary to play the 
music an octave higher than written. But, 
as a matter of fact, 2 is seldom used alone 
except in the treble for solo work, as we shall 
see presently. 

3. Fire; 3. Crarion. This stop produces 
sounds an octave higher than written. It is 
of a bright and reedy character, prompt in 
Speer and adds brilliancy when combined with 

e other stops. It should rarely be employed 
alone, except for echo effects in secular music, 
and in some other cases. The tone, in spite 
of its brightness, is so slight that when 
used with either of the stops which sound 
the notes as written, the higher octave is 
scarcely heard, being absorbed in the greater 
volume of the standard pitch registers. The 
student must not confuse “Clarion” with 
** Clarionet.”’ 

4. Osor; 4. Bassoon. This stop is supposed 
to imitate the tone of the instruments after 
which it is named. The tone of the Obve 
especially is thin and reedy, of a softer quality 
than the Flute, but of the same standard pitch. 
It is rather slow of speech, but may be used 
bt f effectively for music of a pastoral nature, 

can be drawn instead of 1 when a quieter 
effect is desired. The Oboe is also used for 


solos, and, combined with the Flute, makes a 
fair imitation of the voice, as hore: 


Solo Passages. In order to give pro- 
minence to a solo a louder tone must be used in 
the right hand than 
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Among the stops in larger instruments will 
be found: 5. MusEerre and 6. Vorx CELESTE, 
both on the right-hand side The frst is a soft, 
reedy stop, more delicate than the Obve,; the 
second is generally joined to some other stop, 
and by tuning its reeds a little sharper than 
those of the latter, a clear, ringing, vibrating 
effect is produced. The Votr Celeste may be 
used for solo work, either alone or with the 
Clarionet, but should not be used with all the 
other stops. 

Effects from Combinations of Stops. 
The possible effects which can be produced 
out of only eight sounding stops are almost 
endless in their variety. One or two sugges- 
tions may be offered. For ordinary four- 
part playing a very serviceable and effective 
combination is 1 and 4 for both hands. Also 
1 and 2, which, with the music played an 
octave higher than written, will be found useful 
for most compositions of a serious cast. Stops 
2 and 3 and | and 3 are a sort of “ fancy 
combinations,’ as Mr. King Hall calls them: 
the first for sacred music, the sccond for music 
of a light, bright nature. In many instruments 
a couple of ordinary pitch registers are perfectly 
able to assert themsclves against one lower 
octave stop; and when this is the case there is 
no need {o play the music an octave higher than 
written. But the greatest advantage to he 
gained by 2, with the right hand transposed an 
octave higher, is that a solo may be played 
(with a soft left-hand accompaniment) without 
any risk of going below F—the dividing place 
of the stops—and finding the melody disappear. 


Flute and 
Clarionet 


Cor 
Anglais 


Clarionet 


Oor 
Anglais 





of the instrument. 
Of course, where the solo does not go below F, 
any loud combination may be used with as soft 
wn accompaniment in the left hand as can bo 
obtained from the particular instrument in use. 
Generally speaking, tho Sourdine offers the softest 
accompaniment for a solo melody with a single 
stop; but sometimes it is so strong that the 
right hand must be played with 1, 4, or with 
Celeste, or with 1 and 2, an octave higher. 

An effective manipulation of tho stops is as 
essential to the harmoniumist as to the church 
organist Without it, his instrument is reduced 
to the level of a dead monotone, as it were; with 
it, the instrument becomes instinct with life, 
capable of giving expression to all the varying 
shades of emotional feeling which musical com- 
position may inspire. Of course it is necessary 
that one should play fairly well before making a 
special study of the tone colours rendered avail- 
able by the various stops. Tone colour is of very 
little use in merely elementary work, where the 

layer is very much occupied with other things. 
3ut as soon us he feels that he has gained a 
certain facility in the use of the keyboard, he 
ought to devote a considerable amount of time 
to the special study of the stops. 

With regard to effects of what may not inaptly 
be called a secular character, it is difficult to 
make a selection. The following are offered 


merely as hints which the student can readily 
adapt and improve upon according to the 
resources at his command. A charming orches- 
tral effect is produced by combining Clarionet 
and Flute in melodies requiring to be doubled, 
as in the following from Le Prophéte: 








The value of the Clarion stop, again, may be 
tested by such an example as the following: 


Flute and —# 
Clarionet was 


anlar : 





Even with only Flute and Cor Anglais, such 
an excellent effect as we have here may be 
produced : 


These, a8 we have said, are only hints. If 
the student will but test them carefully for 
himself, he will feel competent to make further 
successful experiments on his own account 
Experience, assuming his own good taste, will 
reveal to him many charming combinations 
which he will readily find a means of adopting 
as his repertoire increases. 

Finger Releasing. With the fourth step 
of the “Harmony Player” we arrive for the 
first time at the system of fingering peculiar 
to the harmonium and the organ. This is the 
system known as finger releasing. Hitherto the 
student has been able to pay the outer parts 
(the treble and bass) of all his exercises without 
any jumping of the fingers. In the inner part 
the thumb has been allowed (necessarily) to 
shift or jump from one key to another—a 
method which can never be allowed for the 
outer parte (unless when marked éfaccato, of 
course), because these being specially pro- 
minent, the slightest break in the continuity of 
the sound is immediately noticed. In short, 
on the harmonium we must have legato fingering 
We cannot, for example, play the following as 
at (a), which would pass on the piano; we 
must play it as at (6), releasing the fourth finger 

«always in time to provide a finger for the next 
note : 





I an 

@. 
Clarion Che dpe fot oe 
ee ee a ee 





This is a method of fingering which will be 
found more or less, as the need for it arises, in 
all the exercises 





eal} 2 [eo et remai i to be 
pf studied. Thelearner 
whom we have 





been guiding thus 
far must now be- 
gin to practise it 
systematically ; and 
it is at this point 
that the student who already plays the piano 
may begin What he has to learn first of all 
is emphatically the legato fingering. Many 
useful exercises for 
giving facility in 
this direction are 
included in both 
Mr King Hall’s 
‘Harmonium,’ and 
Stainer’s American 
Organ Tutor. “he 
student will ,- 
bably find it onkt 
to take first tue 
simple scale C, and 
play it up and down, releasing all the available 
fingers in turn. [See next page.] 
Practise this very carefully before going further, 
each hand separately, and with the lines of fin- 
ering in their alphabetical order, as marked. 
sure that a perfect legato is obtained, that the 
key is held firmly down while the finger is being 
released. The professional student would be 
required to carry the exercise through all the 
scales in order to gain the necessary facility 
in relieving the fingers upon the black keys. The 
amateur may, for the present, content himself 
with the above, having mastered which, he may 
go on to practise double notes with finger re- 
leasing ; first thirds, as at (a), and next sixths, 
as at (b): 
(2) () 


| | 
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These exercises, and others which will be found 
in King Hall and Stainer, are indispensable 
to the cultivation of the true legato, the charm 
of the harmonium as of the organ. The student 
who already plays the ee should work through 
them all at once ; our learner who has been going 
through the “Harmony Player” may, after 
having accustomed his fingers to the releasi 
style by the scale, and two exercises as illustrate 
above, proceed with the four-part and other 
exercises from No. 55 on to the end of the book. 
He will then acquire a thorough command of 
the style necessary for the playing of psalm 
end hymn tunes, chanta, eto. For this special 
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tunes printed in Stainer’s tutor might also be 
gone through with advantage, particularly as 
various methods are there shown of playing this 
class of music, with the usual two parts in each 
hand, with the melody in octaves, with the 
melody on a solo stop, and with the bass in 
octaves. 

Pieces. The student who desires to play 
pieces chiefly will probably not wish to give so 
much time to church music. In that cause he 
may start at once with the ‘‘ Thirteen Original 
Pieces ” of Mr. King Hall ; or, if he feels that he 
is not quite advanced enough for these, let him 
work up the Stainer exercises in two, three, and 
four parts. These are fully fingered, and repre- 
sent styles quite different from the psalm or 
hymn tune; though marked for the’ American 
organ, they are equally well adapted to the 
harmonium. 

In playing picces where there is a single part 
in either hand, especially if the music moves at 
all quickly, it is usual to employ what is known 
as scale fingering, the turning of the thumb under 
the fingers, or the fingers over the thumb. Thus, 
if the following scale passage occurred, it would 
be fingered, for the right hand as above the stave, 
for the left hand as below: 





43 4 
In a case of this kind there is no need for finger- 
releasing, of which, indeed, the time does not 
permit. The learner whose ambition is to play 
pieces chiefly would thus do well to go throu 

a complete course of scale exercises in all the 
major and minor keys in common use. Such 
a course will not only add to his facility in 
fingering ; it will add to his reading power, and 
give a and dexterity to the hands 
besi 


The rules for fingering the scale are simple 
in principle, though they require at first great 
attention. In the ascending right hand, the 
thumb is placed on the first white key which 
occurs, and afterwards follows the second and 
third alternately. In descending, each 
note is played with the same r as in ascend- 
ing, the same rule is followed, but in reversed 
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$a ate. as order, the third and 
2a ete. Gn? second fingers pass- 
72 ete. ae ing piterastely over 
xa ete. a the thumb. In the 


left hand the fin- 
gering of the as- 
cending scale fol- 
lows the rule of the 
descending scale in 
the right, and vice 
versd. A printed set 
of scales with the 
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43° ete, 43 fingering marked 
BZ ete we can be obtained 
21 ete. 212 from any music- 
IX ate x 1 seller. If the student 
— ° we’ ° 

has a piano, they 
may be practised chiefly—not solely—on that 


instrument. 


General Hintea on Fingering. In 
regard to the whole subject of fingering, it may 
be remarked that facility cannot be forced; it 
must be allowed to come in its own time. With 
experienced players fingering is a sort of second 
nature; they “never think about it” ; the fingers 
seem to work like automatons, adapting them- 
selves in some mysterious way, almost mechani- 
cally, to the music being played. Let it be said, 
too, that whatever method of fingering secures to 
the individual player the smoothest result, and 
affords the greatest convenience, that is the finger- 
ing for him. The finest players occasionally differ 
as to their fingering, and allowance must always 
be made for the construction and size of the hand. 
One of the grc \test secrets of good fingering is the 
habit of looking forward to the coming phrase, 
secing, if even vaguely at first, what has to be 
done, and so preparing the fingers as to secure 
the best rendering of the passage. In any case, 
there must be no slovenly, “ anyhow ”’ fingering. 
The person who fingers badly or carelanaly 
can never be a really good and satisfactory 
player. 

Selection of Pieces. After you have 
finished with your tutors and are ablo to 
play fairly well, you will naturally desire to 
work up a repertoire of pieces. if ou are 
contemplating church playing, then, of course, 
sacred music—collections of voluntaries, etc. 
—is what you will direct your first attention 
to. There is plenty of music of this kind, and 
we can mention here only such collections as 
we think to be educationally as well as prac- 
tically most useful to the student. For those 
who have mastered the exercises in the “* Har- 
mony Player,” the best sclections of pieces to 
follow that work are Volumes VIII. and XII. of 
the “ Harmonium Album ”’ (Curwen). These are 
fingered throughout, and are very suitable for 
beginners. The ‘‘ Harmonium Album” extends 
altogether to 15 volumes. The first 14 comprise 
some 500 voluntaries, while the fifteenth is chiefly 
made up of movemente from popular operas. 
The same publishers have aleo a collection of 
interesting “ Harmonium Studies,” by J. Frank 
Proudman, and a couple of volumes of musicianly 
“ Sketches for Harmonium,” by John Kinross. 
The best work to succeed Mr. King Hall's primer 
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is the same author’s “Original Studies and 
Arrangements for the Harmonium or American 
Organ.” The studies are peculiarly valuable, and 
the editor’s directions as to their rendering are 
sufficiently clear. 

Voluntaries. Collections of ‘ voluntaries,” 
expressly so-called, are numerous. One of 
the best is that of Mr. J. W. Elliott (Novello), 
m two volumes, containing altogether about 
350 pieces. Collections of original harmonium 
voluntaries by Oliver King and Max O6esten, 
issued by the same publishers, may also be re- 
commended. It is better that the young church 
player should draw upon such works as these 
until he has gamed experience enough to make 
arrangements for himself. For general use there 
is nothing better than the two volumes of “ The 
Harmonium Treasury ” (Novello), in which we 
have a series of select pieces, secular as well as 
sacred, admirably arranged for the instrument. 
Chappell’s ‘“‘ Harmonium Journal,” full music 
size, will also be found useful, as including rather 
more secular-music arrangements. ll these 
works can be adapted to the American organ. 
Of collections specially made for that instrument, 
there 1s no need to mention anything but ‘‘ The 
American Organ Journal,” edited by J. M. 
Coward (Metzler). Thirty numbers of this ex- 
cellent work have been publshed so far, and 
there is nothing of its kind better or more com- 
prehensive. 

Song Accompaniments. In addition to 
its use for the church service, for which it is so 
well adapted, the harmonium is also equally 
adapted, from the extent of its orchestral re- 
sources and power of expression, for the drawing- 
room or concert-room. “The harmonium,” says 
Berlioz, the great composer, “ is at once a church 
instrument and a theatre instrument, a drawing- 
room and a concert-room instrument. It occupies 
but little space, and it is portable. It is there- 
fore a servant of indisputable utility for com- 
posers and amateurs.” It is not necessary to 
enlarge upon this, but a word or two must cer- 
tainly be said about the harmonium as an 
accompaniment to the voice and in conjunction 
with other instruments. With regard to the 
first-mentioned use, if heard properly, as the 
late Dr. Rimbault said, the harmonium will be 
pronounced not only capable of producing some 
of the most charming effects of accompaniment, 
but to possess powers of assisting the voice of 
the highest possible order. One practical hint: 
m accompanying songs from a piano copy, 
alterations will of necessity be made to suit the 
peculiar nature of the sustaining instrument. 
Octaves in the bass must be used sparingly, as 
the lower registers of the harmonium are powerful. 
When octaves are required in the right hand, 
it is generally best to get them by drawing the 
Clarionet stop. Again, repeated notes in piano 
ponies aliGuld. ab orale, bs Held when: played/on 


the harmonium. But no fixed rules can be given. 
Much must depend upon the knowledge and 
acquirements of the performer. 

Combination with other Instru- 
ments. As regards combination with other 
instruments, the chief thing to aim at, when an 
artistic effect is desired, is contrast of tone. 
Thus the flute does not “go” nearly so well 
with the harmonium as the violin. The best, as 
it is the most generally available combination, is 
that of harmonium and piano. “ We cannot 
conceive,” says Dr. Rimbault, “‘a more perfect 
drawing-room orchestra than the piano and 
harmonium when used in concert. Nothing can 
be more admirable than the combination of the 
strings of the former with the reeds of the latter, 
the one imitating the whole tribe of the viohn 
class, the other the entire wind band, and 
forming together a tout ensemble capable of 
giving effect to orchestral works of the highest 
class.’ Special arrangements are, of course, 
required for this duet playing. 

Any good music-seller will show a selection of 
such arrangements, but the student might ask 
to see some of those published by Messrs. Chap- 
pell and Messrs. Novello, particularly the latter's 
six duets of L. Engel and the “ Transcriptions of 
Favourite Airs”? of C. L. Krug. There is also a 
considerable quantity of music for harmonium 
with other instruments, such as violin, ‘cello, 
clarinet, etc. Harmoniumists should lose no 
opportunity of practising with any suitable 
instrument available, such practice being of the 
highest value, not only from an artistic point of 
view, but also for cultivating the sense of tempo. 
When you are playing with another, you must 
** keep time.” 

Practice Hours. A few general hints, 
in closing, on the best method of practice: It 
must not be desultory. Three hours to-day and 
ten minutes to-morrow and pale. at all for a 
week can never mean any real advance. Let 
practice be regular and systematic. The precise 
amount of time will, of course, vary accoedicg to 
circumstances. The minimum for the amateur 
should be about an hour and a half daily. 
Whatever it is, the time should be well appor- 
tioned among the different kinds of work under- 
taken. The student should draw up a table 
specially for his own use (and rigidly adhere to 
it), but the following proportions for an hour’s 
practice will generally be found advantageous : 

Minutes 
Finger exercises, scales, etc. -. 2 
New piece .. ae -. 20 
Piece already learnt oe -. 10 
Sight reading - - -- 10 

Above all, let your practice be in thorough 
earnest, that no moment may be wasted. And 
always remember the wo of Schumann : 
‘‘ Whenever you play, let it be as though a 
master were listening.” 


Harmonvum and American Organ concluded 
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By HENRY CHARLES MOORE 


"THE desire for an outdoor life is very strong in 

young men, and many to whom the thought 
of having to earn a hving in shop, factory, or 
office is distasteful enter the service of the various 
public carriage companies. And now that motor 
traction is competing successfully with horse- 
drawn vehicles, the aspirant for an outdoor life 
has the choice, assuming that he wishes to be a 
driver, of becoming a “ whip”’ or a motor man 
In the latter capacity his prospects of regular 
and long service will be greater than if he became 
a coachman, as the proprietors of horse-drawn 
vehicles are already reducing the number of 
their drivers, and in three years’ time will need 
the services of very few of such men. There 
are, however, men who have a strong dislike for 
engines and machinery of any kind, and they 
will probably prefer to drive a pair of horses as 
long as such employment is obtainable. 

The horses used for public service vehicles 
are harnessed and put-to by the stablemen, but 
as carelessness on the part of one of these men 
may result in an accident, and possibly loss of 
life, the driver before mounting his box should 
see that the work has been done properly. This 
he can do unostentatiously while patting his 
horses. When a change of horses is ate made 
he can see from his seat whether everything is m 
order. 

Hiow to Drive. Having mounted his seat 
and received the reins from the stableman, the 
driver should sit with his feet slightly in ad- 
vance of his body, and on no account put them 
under the seat or press them against the splash- 
board. His left elbow should be a trifle above 
and a little to the front of the left hip bone, 
with the forearm inclining across the body and 
the wrist bent. The first and second fingers of 
the left hand should be placed between the 
reins, the left or near-side rein resting on 
the knuckle of the left forefinger ; the right or 
off-side rein should be between the second and 
third fingers. The 
third and fourth 
fingers should 
press the loose 
end of the reins 
on the palm of 
the hand. The 
whip should be in 
the right hand, 
held at the top of the handle, and lying in the 

of the hand and over the thumb When 
eld thus the fingers are free to take the reins 
should it be necessary to use two : 

The rule of the road is to keep to the near- 
side when meeting another vehicle; on over- 
taking one, the driver must pass on the off side 





of it, unless the vehicle overtaken be a tram- 
car, when it must be passed on the near side. 
Obelisks, strect refuges, and othor erections in 
the centre of the road must be passed on tho 
near side. 

Horse-drawn Omnibuses. The appli- 
cant for employment as driver of a horse-drawn 
omnibus must be accustomed to driving. This 
statement is not superfluous, for it is made with 
the knowledge that men who cannot drive fre- 
quently apply for work as omnibus drivers, 
believing that if they are promised employment 
they will soon be able to learn to drive a pair 
of horses It is also imperative that, betore 
making an vpplication for work, the would-be 
driver should possess a police licence, as omnibus 
proprietors do not entertain applications from 
unlicensed men, no matter how excellent their 
recommendations may be. 

When the police have satisfied themselves as to 
the respectability of an applicant for a licence, 
they test his proficiency as a driver by setting 
him to drive an omnibus, which they keep for 
this purpose, through some of the most crowded 
parte of Londor A police inspector accompanies 
the applicant on lis trial drive, and decides 
whether or not he shall be granted a licence. 
If the inspector considers that the applicant 1s 
not sufficiently experienced, he tells him that 
he must undergo another driving test, in two or 
three weeks, before a licence can be given to him 
In these circumstances the applicant will he wise 
if, in the meanwhile, he has some practice on a 
heavy pair-horse vehicle, and obtains advice from 
an experienced omnibus driver. 

When the driver has passed the test he has 
to pay 5s. for his police licence and 2s. 6d. de- 
posit for his badge. The latter sum is returned 
to him on his giving up his licence, but the 5s. 
has to be paid annually. 

Securing Employment. The nowy. 
licensed driver may succeed in obtaining wor 
from the first company to which he makes 
application, but it is quite possible that he will 
have to undergo the unpleasant experience of 
being told time after time that no drivers are 
wanted In that case all he can do is to leave his 
name and address at the various ofhces, and wait 
until a vacancy occurs. When at last he is given 
work he will be surprised to find that, although he 
holds a licence, his employers do not consider 


it to be a guarantee that he is thoroughly com- 
petent, and therefore he has to make several 
trial journeys. On these occasions an experi- 


enced and trusted driver sits on one of the t 
seats to watch him, with a view of reporting 
to his employers whether or not he is a capable 
coachman. In addition to this, he tells him where 
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the “ points” or stopping places are, and gives 
him other information which it is necessary he 
should possess. If the report be satisfactory, the 
new driver is engaged as an “odd man,” which 
means that when a regular driver, or “ service 
man,” is absent through illness, or some other 
cause, he takes his place. Very probably he 
will get only one or two days’ work during the 
first week ; but he may be fortunate and begin with 
several weeks of unbroken work. When at last 
a vacancy is caused by the death, resignation, 
or discharge of a regular driver, the ‘odd man” 
gets his ‘‘ service,” and henceforth he has regular 
employment. “Odd men” are not, however, 
always new hands; a “service man” 18 some- 
times reduced to an “ odd man ” for carelessness, 
or breaking the rules of his employers. Drunken- 
ness while on duty is an offence which is punished 
by instant discharge. 

Wages. Omnibus drivers are paid 6s. for a 
day of, on an average, twelve hours. Each man 
uses between ten and twelve horses a day, accord- 
ing to whether the road be hilly or not, the dis- 
tance travelled by each pair being about sixteen 
miles. Sometimes a man who is a good driver 
is careless about the condition of his horses, but 
coachmen of this type do not remain long in the 
employ of an omnibus proprietor. It may be 
said, too, that if a man has any showy manner- 
isms, such as squaring his elbows when driving, 
he will be wise to break himself of them as quickly 
as possible, as the proprietors have a strong 
objection to “flashy ”’ drivers. The left hand, it 
has been said, was made for driving, and the man 
who makes a practice of using both is another 
ype which does not find favour with employers. 

or the driver who proves himself to be a good 
judge of horses there is the chance of promotion 
to the position of district horse-superintendent, 
with a salary of from £3 to £4 a week. 

Conductors. It is as necessary for a 
would-be conductor as for a driver to obtain 
a police licence before applying for work. This 
is by no means difficult to obtain if the applicant 
be a respectable man, a few questions as to his 
knowledge of the main thoroughfares being the 
extent of the examination he has to undergo. 
For his licence he has to pay the same as a 
driver, and he, too, begins as an “odd man.” 
But before becoming even an “odd man” he 
must take one or two journeys, unpaid, to learn 
his duties, his instructor being a reliable and 
experienced conductor. The novice watches the 
conductor on the first journey, learning the 
extent of the various fares, the sections in 
which to punch the tickets, and how and when 
to enter the unissued ones on the waybill. On 
the second journey the old conductor hands 
over to the learner his tickets and bell punch, 
but watches to see that he charges the right 
fares, and punches and issues tickets of corre- 
sponding value. 

At the close of each day the conductor pays 
out of the takings the driver's and his own 
wages. The balance he delivers, on the follow- 
ing morning, at the district office, handing in at 
the same time his box containing the bell punch 
that he used on the previous day and the unused 
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tickets. The box and its contents are then 
forwarded to the chief traffic office to be checked. 
A fresh bell punch, set of tickets, and waybill 
is issued to the conductor every evening, so that 
he can begin the following day with a fresh 
outfit. On the back of each waybill is printed 
a@ money table,and if the conductor has issued 
during the day 151 penny tickets, 47 twopennies, 
and 23 threepennies, he can see at a glance that 
he has to pay in 12s. 7d. for the first. 7s. 10d. 
for the second, and 5s. 9d. for the third. 

Hours and Pay. Conductors work the 
same number of hours as the drivers, and 
are paid 4s. 6d. a day. Many of the ticket 
inspectors are drawn from the ranks of the 
conductors, but, from a monetary point of view, 
this is scarcely promotion, as the wages of the 
inspectors begin at 30s. a week, rising to 35s. 
for which they are on duty eight hours a day. 
One week they begin work at about seven o'clock 
in the morning, the following week they go on 
duty at about four in the afternoon. Another 
and more profitable position to which conduc- 
tors can rise is that of road inspector, with wages 
of from £3 to £4 a week. Timekeepers, many 
of whom are old drivers or conductors, are paid 
from 30s. to 35s. a week ; horsekeepers receive 
about 28s. a week; and the ’bus washers, whose 
work has to be done at night, are paid from 35s. 
to 40s. a week. 

Motor Omnibusesa. The old-established 
omnibus companies being naturally desirous 
of retaining as many as possible of their old 
servants, take their motor omnibus drivers 
from the ranks of the coachmen and conductors 
of their horse-drawn vehicles. Most of the com- 
panies have, at the present time, a long list of men 
who are being taught, or are waiting to be taught, 
motor omnibus driving. Usually they are taught 
at the expense of their employers, but in return 
are required to sign an agreement binding them- 
selves to remain in their service for a specified 
period, in most cases a year. It will be seen, 
therefore, that for some years to come the old- 
established companies will be able to obtain from 
among their own servants all the motor drivers 
they require, and that consequently the man who 
is not already in their employ has little chance 
of entering their service as motor man. But 
with the new companies it is different. Having 
no horse-drawn omnibuses, they have no old 
servants to whom they feel bound in justice to 
give preference, and consequently they are 
able to consider the application of any man, 
qualified or anqualified, who, wishes to enter 
their service. Both the old and the new 
companies have their own instructors, by whom 
the men are thoroughly taught driving and 
mechanism before being sent to New Scotland 
Yard to undergo their police examination. 

Examination for Motor Omnibus 
Drivera. In the interests of the public, the 
examiner, an inspector of the Public Carriage 
Office, subjects each applicant for a licence to a 
very thorough set of tests. First he is examined 
in backing and turning the omnibus, and if he 
comes through this ordeal successfully he is told 
to drive out into the street. The examiner sits 


beside him, and decides the route he is to take 
during the hour’s run. A part of the time is 
spent in crowded streets, and if the driver be 
unfortunate enough even to graze another vehicle 
he is put back for two or three weeks; if, 
however, he satisfios the examiner that he can 
drive carefully in the midst of traffic, there is the 
hill test to be undergone. He is told to drive to 
a fairly steep hill, and as he is ascending it he 
must stop the omnibus, and start it again, when- 
ever the examiner commands. The same test 
is applied while descending the hill. If the 
examiner be satisfied that the man is thoroughly 
competent he is given a licence to drive an 
omnibus of that particular type; but if, after 
a time, he wishes to drive an omnibus of another 
make he must undergo another examination. 
This is an excellent police regulation, for there 
are many t of motor omnibuses in use, 
the chasses of which differ considerably in many 
respects. 


Licences. For his licence the motor omnibus 
driver must pay 5s. to the police, 2s. 6d. deposit 
for his badge, and 5s. to the London County 
Council. After receiving his licence the driver 
soon obtains his “ service,” for qualified motor- 
"bus men are not yet so plentiful that they have 
to remain long as ‘ men.’ Moreover, as 
motor omnibuses are on the streets from eighteen 
to twenty hours a day, it is necessary to have 
two drivers and two conductors to every ‘bur, 
one pair of men working the first half of the 
day, the other relieving them after about nine 
hours, and working until the ’bus is taken into 
the garage for the night. Drivers are paid 7s. a 
day, and conductors 5s. Mechanicians, who 
overhaul the motor omnibuses every night, are 
paid 35s. a week, and ’bus washers 30s. 


The Motor Omnibus Business. To 
start business as a motor omnibus proprietor 
it is necessary to have plenty of capital, for 
£1,000 barely covers the cost of one vehicle 
Moreover, the man who possesses only one or 
two motor omnibuses has little chance of com- 
peting successfully with the large companies, 
who can, of course, work at a lower cost per 
vehicle than is possible for a proprietor in a 
small way of business. Competition between the 
old and the new companies will become keener 
every month, and the result will be a cutting down 
of fares that will make it absolutely impossible 
for the owner of only one or two vehicles to run 
them at e profit. If, however, a man has plenty 
of capital, and decides to build up a fleet of 
omnibuses, he should endeavour to discover the 
various types of chAsses that are giving satisfac- 
tion to their owners, and should restrict his 
choice to them. It will be much safer to do this 
than to purchase, even at a much lower figure 
than is demanded by makers of repute, a type 
of omnibus that has not undergone the test of 
some months’ work on the public roade. When 
he has bought his chassis, it will have to be 
taken to a coachbuilder’s to have a body built 
and fitted to it, for the makers of chasses do not, 
as a rule, build the bodies, that being quite a 
separate business. 
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Motor Omnibus Regulations. When 
the bodyhas heen fitted to the chassis, the 
omnibus 1s ready to be licensed; but it 1 
useless to submit 1t for police inspection unless 
the following regulations have been observed in 
every respect : 

‘Carmages must be submitted for inspection 
m a thoroughly good condition, and no carriage 
will be certified fit for public use unless 1t 18 
newly painted and varnished ” 

The followmg conditions must also be strictly 
complied with : 

1. Stage carnages propelled by mechanical means, 
and subject to the Light Locomotives Act (50 and 
60 Vict., Oap. 36), and Motor Car Act (3 Edwd VII., 
Cap. 36), muat comply with the requiroments of 
those Acta, and of the Orders of the Local Govern- 
ment Board in pursuance thereof 

2. Each new type of motor-car intended dor 
licensing must be presented at New Scotland Yarcl 
for inspection. Tho proprictor must at the same 
time produce the certificate of registration, and 
also one from the maker stating the machimery to 
be safe, and in every way fit for use in a public 
carriage. 

If, on inspec tion, the car 18 approved, such approval 
may extend to all cars of that descmption, and 
cars of that type need not bo again presented at 
New Scotland Yard, but may be taken to the 
usual passing atation, provided a certificate from 
the maker 18 submitted with each car for heensing, 
stating that it if in every respect similar to the 
type already approved. 

A certificate from the proprietor, stating there 
has been no alteration in the design of the machinery 
since the previous inspection and date covered b 
the maker's certificate, must be presonted with each 
car submitted for renewal of licence 

Should an alteration bo made, the same qourse 
may be required as for a first inspection. 

Should it be deemed necessary, an expert will be 
employed to advise on the subject. The feo for the 
expert examination to be deposited by the proprietor 
with the Oommussioner, which fee will be returned 
if the car is passed without alteration bomg required. 


There are specific regulations governing the 
construction of motor omnibuses, and _ licences 
are granted only for vehicles in the construction 
of which those regulations have been followed. 
The regulations specify the sizes of the various 

arts of the vehicles, and their details may be 
earned upon application to the licensing 
authority. 

The fees to be paid to obtain a licence for a 
motor omnibus are £3 18s. to the Inland Revenue, 
£2 to the Metropolitan Police, and £1 to the 
London County Council. The last-mentioned 
fee is paid on the first year only ; the other two 
are payable annually. 


Cabe and Cabmen. The applicant for a 
cabman’s licence, having satisfied the police as 
to his respectability and topographical knowledge, 
has to undergo a driving examination, usually on 
a four-wheeler, and with a police official sitting 
beside him on the box seat. The regulations, 
bemg subject to the local police arrangements, 
vary in different places. The London candidate, 
if passed by the police, is given a licence, renew- 
able every twelve months, for which he has to 

y 5s.,‘and a deposit of 2s. 6d. His next step 
is to obtain a cab to drive. Cabmen differ from 
omnibus and tram men in not being the servants of 
the proprietors of the vehicle they drive. They 
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hire them from a proprietor, paying a certain price 
The average price per day for a hansom 
works out at lls. 3d.; for a four-wheeler at 
10s. 6d. Two horses are supplied for each cab. 
Drivers of “ bahar er ” cabs have to pay an 
extra fee. e “privilege system” is an 
arrangement between the railway companies 
and certain cab proprietors, whereby a specified 
number of vehicles belonging to the latter are 
permitted to enter the various London termini 
and stand there for hire. As this ensures the 
drivers getting more “ fares” than they would 
obtain if plying for hire in the streets, it is 
reasonable that they should have to refund 
to the proprietors the price paid per vehicle 
to the railway. At some railway stations the 
charge is ls. per cab per day; at others it is 
as high as 4s. 
Cab Fares. The following are the London 
cab fares. The cab radius is four miles from 
the statue of Charles I., at Charing Cross: 


By DIstAaNce. s.d. 


If hired and discharged within the radius, 
for any distance not exceeding two 
mules é ‘ Ss ; : 

For every additional mile or part of a mile 

If hired outsde the radius, wherevei 
discharged, for the first and earch 
succeeding mile or partofamile .. J 0 

If hued usthen, but discharged outside the 
radius, the whole distance, not ex- 
ceeding one mile et : 

But exceeding one mile, then for each 


S = 
co 


mile ended wtthen tho radius . O 6 
And for each mile or part of a mile outside 1 0 
By Tir. 

Within the radius, four-wheeled cabs, 

forone hour or less. ce es ee, SOO 
Hansoms, per hour... ge. hee JP AG 
For every additional quarter of an hour, 

or part of a quarter, four-wheelers .. 0 6 
Hansoms, per hour... 0 8 
Four-wheelers or hansoma, 1f hired out- 

stde the radius, wherever discharged, 

for one hour or less , ' . 2 6 
If above one hour, then for every quarter 

of an hour or less Vs 0, oh : 0 8 
Tf hired wethin but discharged outsiale the 

radius the fares are according to the 

two preceding paragraphs. 

LUGGAGE. 
For each package carried outside .  .. 0 2 
ADDITIONAL PERSONS. 

For each person above two (two children 

under ten years of age are regarded 

as one person) .. . : ee . 0 6 

WalTIna. 

By distance only. For every fifteen 

minutes completed, if hired wtthin 

the radius: 
Four-wheelers .. ..  .. «2. «- «- 6 
Hansoms .. .. «2. «ee se CB 
When hired outside the radius, four- 

wheelers or hansoms aie Pe. segs: OS 


Unless the cabman is told when hired that 
he is engaged by time, fares must be paid 
according to distance. A driver can refuse to 
be hired by time between 8 p.m. and 6 a.m. 

A cabman hired by distance must, unless pre- 
vented by the traffic, drive at the rate of six miles 
an hour; if hired by time, four miles an hour. 
Should he be requested to drive above the latter 
speed, he may demand, in addition to the time 
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fare, for every mile, or any part of one, exceedin 
four miles, the fare regulated by distance, 


The Taxameter. Disputes between cak 
men and riders concerning the fare to be pai 
will continue to be numerous until some distanc 
registering apparatus is affixed to every cab 
The taxameter was tried on a few London cab 
in 1899, but owing to the opposition of the cab 
men as a body, the experiment was short-lived 
At the present day the objection to the taxa 
meter is not nearly so widespread among cab 
men, and there is every probability that before 
long it will be given a fair trial; a commission of 
inquiry into the subject has, indeed, reported this 
yoar (1906) in favour of its adoption. Somewhat 
resembling a clock in appearance, it 18 fixed over 
the off-side wheel, and records at the end of 
every journey the distance that has been 
travelled and the fare to be paid, including 
extras for luggage and waiting. It registers 
also the number of journeys the cab has made, 
the mules travelled, and the total takings of the 
af When the cab 1s plying for hire, a httle 
red flag projects from the side of the taxameter, 
and the words “Not engaged”’ appear on the 
dial. When a passenger enters the cab, it 18 
the driver’s duty to press down a lever, which 
causes the flag and “‘ Not engaged ”’ to disappear, 
the latter being replaced by the tariff. On 
arriving at the passenger’s destination, the 
driver pulls up the lever, whereupon a record of 
the distance travelled and the fare to be paid 
appears on the dial. 

Many cabmen are the proprietors of the cab 
they drive. In the majomty of cases the man 
originally drove for some other proprietor, but 
having saved money, started business on his 
own account. A hansom or four-wheeler can 
always be obtained on the hire purchase system, 
and a couple of cab horses can usually be bought 
at a low figure if a man is prepared to spend 
some days at the horse repositoriés waiting for 
an opportunity to buy cheaply. 


Cab Radius. Asalready stated, the London 
cab radius is four miles from the statue of 
Charles I. at Charing Cross. Its extension has 
been advocated frequently, but it is unlikely that 
wed alteration will be made while horse-drawn 
cabs are in vogue. When motor cabs are plentiful, 
the proprietors and the drivers of the latter will 
probably ignore it if it be not considerably 
pnlaried: An important section of the drivers 
of horse-drawn cabs—the men who ply for hire 
in the City and the West End—are very rarely 
engaged to go beyond the radius, and con- 
sequently it is a matter of indifference to them 
whether it be extended or not. The cabmen 
who do object to any alteration are those who 
stand for hire just outside the four-mile limit, 
for they appreciate being able to charge a person 
who hires just outside the radius ‘ outside ” 
fares for the whole distance travelled inside the 
radius. Their reply to the fact that if they 
charged “inside” fares they would carry more 

opie to the West End is that they would then 

se their most profitable jobs—the short shilling 
journeys from railway station to private houses. 


Motor Cab Regulations. The con- 
‘ditions to be complied with before submitting a 
motor cab for police inspection are, to a great 
extent, similar to those framed for motor omni- 
buses ; but the following are some of the special 
regulations. The height of the body of a hansom 
inside, from the top of seat cushion to the roof 
at the lowest part, or where the front window- 
frames fold up toward the roof to the lowest part 
of the frame, must not be less than 40 in., the 
width inside at any point, not less than 40 in., 
the width from the back squab to the nearest 

int of door pillars, not less than 26 in., and for 

ee space, not less than 28 in. The height of 
body of a brougham or landaulette, from the top 
of seat cushions to the roof at the lowest part, 
must not be less than 40 in., the width between 
the hinge pillars or shutting pillars, not less than 
40 in., the width of door, not less than 21 in., 
and 1t must be so constructed that it opens to the 
fullest extent, and causes no inconvenience to 
passengers, Where the carriage is provided with 
front and back seats, the measurement between 
the front edges of cushions must not be less than 
19 in , the width of front seat not less than 14 mn., 
and of back seat not less than 16 in. 

Tramways. The London County Council 
being the proprietors of the majority of the tram- 
way services in the metropulis, the man who 18 
desirous of becoming the driver or conductor of 
a tramcar, horse-drawn or motor, cannot do 
better than apply for employment to the chief 
officer of L.C.C. Tramways, 303, Camberwell 
New Road, S.E. Both drivers and conductors 
of the horse-drawn tramcars work six days a 
week, the rate of pay being for each 4s. 9d. a 
day on entering the service; 5s. 3d. after six 
months, or on obtaining a service car; 5s 9d. 
after six months on a service car; and 6s. 3d. 
after twelve months on a service car. Men 
are promoted from “spare” men to “ service ” 
men, as far as possible, according to seniority 
of service. Every driver and conductor receives 
also a uniform coat, overcoat, and two hats a 
year. Stablemen are paid 26s. a week ; washers, 
25s. to 30s.; farriers, 39s. to 43s. 6d.; track 
cleaners, 25s. ; pointsmen, 24s. ; trace boys, 14s. 
to 18s.; ticket inspectors, 42s. ; regulators, 42s. ; 
and night inspectors, 42s. All the above- 
mentioned work six days a week, the total 
number of hours per week being 60, except in the 
case of farriers, who work 54 hours. e only 
men who work seven days a week-—total number 
of hours 70—are the foremen and deputy fore- 
men, whose pay respectively is from 42s. to 
64s. 6d., and 42s. 

The drivers and conductors of motor tram- 
cars receive the same pay as the drivers and 
conductors of the horse-drawn cars, but they 
work 56 hours per week instead of 60. 

When any of the L.C.C. tramway employees 
are requested to work during their “ stand off ” 
or “resting” time they are paid at th: rate of 
time and ‘a quarter. 
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The conditions of employment under tramway 
companies and on the municipal tramways of the 
provinces vary, but the conditions in London 
may be regarded as typical. 

Jobmasters. Any man who is energetic 
and a good judge of horses should be able to 
work up a profitable jobmaster’s business. ‘Two 
or three hundred pounds would be sufficient 
capital for a man starting in a very modest way, 
as broughams and landaus can be obtained on 
the purchase by instalment system, and the hay 
and corn merchants will give him credit, if he 
is @ respectable man. Sometimes the hay and 
corn merchant will advance money to a man 
desirous of starting business as a jobmaster, 
but it is advisable to dispense with this assistance 
if possible, and be free to buy hay and corn in 
the cheapest market. 

For every vehicle which a jobmaster lets out 
he has to pay 15s. for a licence. His coachmen 
are paid from 23s. to 35s. a week; but as their 
duties include the ordinary stable work, horse- 
keepers are not necessary. Many jobmasters 
do a good business with commercial travellers’ 
broughams, which they let out at about £12 
a mhonth, this sum including horse and coach 
man. The wages of the coachman are about 
23s. a week, but this sum is augmented by tips 
which he receives from the commercial traveller, 
the amount varying according to the prosperity 
and generosity of the donor. 

No licence has to be paid for the letting out 
of saddle horses, and in some neighbourhoods 
this branch of a jobmaster’s business is very 
profitable. 

On important State occasions, when the 
nation’s guests are numerous, the Royal stables 
arc unable to meet the demands tor carriages, 
with the result that some of the leading 
jobmasters receive orders to supply a certain 
number of broughams, landaus, and, occa- 
vionally, hansom cabs. The jobmasters naturally 
appoint their best coachmen to drive these 
carriages, and the selected men usually receive 
a handsome gratuity from the distinguished 
persons whose coachmen they become for tho 
time being. 

Carmen. Of all drivers, carmen are the 
worst paid, their wages ranging from 16s. to 32s. 
a week, the higher sum being received by the 
men who drive a pair of horses. They work 
on an average 14 hours a day, but, unlike most 
workers, have no settled times for meals, and 
must get them when and where they can. 
Whenever a carman leaves his vehicle to obtain 
a meal he runs the risk of bemg summoned by 
the police for Jeaving it unattended, and having 
to pay a fine of from 2s. 6d. to 15s. and costs. 
The London carmen, of whom there are some 
45,000, are endeavouring to get Parliament to 
sanction the provision of registered stands 
where they could leave their vehicles in safet 
when they wish to obtain food. Such stan 
are very badly needed. 
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THE REPORTER & HIS WORK 


First Years of Reporting. Shorthand. Telegraphing Copy. Longhand Abbre- 
viations and Press Corrections. The Reporter’s Environment. Helpful Qualities 





By ARTHUR MEE 


WE have reached the door of the newspaper 

office, and the work of him who steps inside 
will begin to take definite shape. He may never 
have been in a newspaper office before, and his 
first impression, perhaps, will be one of surprise 
at the utter simplicity of everything he sees... 

He will remember what a wonderful thing a 
newspaper is; how it reaches to the very ends 
of the earth, and how it brings. or how it should 
bring, the heating heart of all the world to our 
own firesides. He will know that nothing can 
happen in any far-away corner of the world 
which will not some time, in some way, make 
itself known in the room he has entered. Yet 
all that he will seo before him will probably be 
a fow chairs and tables at which men 4re 
writing or reading telegrams. He will find, 
no doubt, his first encouragement in this, The 
simpler the conditions, the more hopeful he 
should be; and the man whose work needs no 
other tools than a fountain pen and a ped of 
paper can hardly wish for an environment more 
ree from mystery and technicality. 

The Reader’s Room. Journalism hes 
many destinies, and the time will soon come 
when our candidate must mike up his mind 
which of these he will choose. He will have to 
decide whether he would like to be a reporter 
or a sub-editor, or whether he would rather aim 
for one of the other various posts a newspaper 
has to offer. But that time is not yet, and 
for practical purposes his work will be, for the 
first year or two, precisely the same whatevor 
ultimate goal he has in view. The first business 
of the journalist is to be roady to do anything. 

It should have been pointed out before, per- 
haps, that journalism may be very easily entered 
through a department of the composing room. 
One of the most important figures in a news- 
paper office is the reader, to whom is entrusted 
the business of correcting proofs. The reader’s 
room, one of the busiest corners in a newspaper 
office, affords an excellent opportunity for an 
introduction to newspaper work, and a boy ma 
enter this department as a copyholder muc 
earlier and more easily than he can possibly 
enter the reporter's room. It will be his du 
here to read copy aloud to the reader, who will 
compare it with the proof and make any necessary 
corrections. The training in this work will help 
considerably to prepare him for journalism, and 
this way of beginning may, indeed, be strongly 
recommended from many pointe of view. A 

ear in the reader’s room will enable cp Bes 
orm an opinion as to his liking for jo j 
as @& career, will make him careful and quick to 
detect error, and will in many ways help to put 
him on the road he is anxious to tread. 
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The Journalist’s First Work. But, 
whether with or without this experience, he will 
begin his real journalism in the reporter's room, 
and the first fow years of his life here will 
be decisive of his place in his profession. He 
should never forget that his first duty to himsclf 
as well as to his paper is to gather experiences 
wherever he can, whenever he can, however ho 
can ; and he must be prepared to think nothing of 
hard work, of long hours, of irregular meals, of 
weary miles of walking by night, of unexpected 
demands to begin again at the end of a trying day. 
Journalism has no room for the man who must 
go home when the clock strikes. 

Only one thing is automatic in journalism— 
the hour of going to press. It is the irregular 
and ever-changing nature of his work which 
the young journalist will come to regard as its 
chief value and charm. But he will find that at 
first his work ‘ies in a well-defined field, and 
that he is given the responsibility of “‘ covering ” 
several regular and necessary appointments. 

He will have become an apprentice, no doubt, 
on the staff of a provincial paper in a town such 
as, say, Nottingham. We may quite safely 
assume that he is in the provinces, because it 18 
utterly impossible for a reporter to begin his 
career on a London newspaper. It is, indeed, 
impossible to begin newspaper journalism at 
all except in the provinces. It will be helpful, 
therefore, to take a swift survey of the ordinary 
work of a reporter in a typical provincial town, 
in the office of a morning paper with an evening 
edition, and the reader should bear in mind that 
it is precisely this kind of work which the young 
journalist is sure to be called upon to do at the 
outset of his career. 

The Reporter’s “Calls.” The da 
begins with a series of calls which, thoug 
made by the junior member of the staff, are of 
the aah importance. The coroner’s office, 
the fire station, the police station, the hospital, 
must be called at early every morning; at 9 or 
10 o'clock, or earlier, according to the time at 
which the paper sppesrs: Let us go with the 
reporter on his round. 

At the coroner’s office he learns of some fatal 
accident, some sudden death, or some death by 
violence, and the brief statement of particulars 
which the coroner’s officer allows him to see 
gives the essential facts. If an inquest is to be 
held the reporter notes down the time and place. 
At the hospital he may glean partioulars of 
some street accident which has not proved 
fatal, and has therefore not come to the notice 
of the coroner; and there are many kinds of 
information which he may acquire by keeping 
in close touch with the hospital authorities. 


So, too, at the police and fire stations, usually 
close together. The reporter may learn here of 
some probable development in the local courts 
that morning, of some interesting arrest, or of 
some outbreak of fire. With the necessa 
information about these things in his noteboo 
he returns to the office and presents his report to 
his chief. If the matters are of minor import- 
ance he may be asked to write paragraphs 
concerning them, and this may be considered 
adequate treatment of the circumstances. 
Should there be any special interest, however, in 
any of the cases, the chief reporter will enter the 
event in a diary to be “followed up,’ either by the 
junior himself or by one of the senior reporters. 


The Reporter's Diary. The diary is the 
most important and exciting book in the office. 
It is the genesis of the next edition of the paper 
s0 far as local events are concerned, and there are 
times in every reporter's life when he approaches 
this book in fear and trembling. He may find 
himself marked to take the next train to Man- 
chester, or Birmingham, or Exeter, or Cardiff, to 
send a special account of a railway accident, a 
description of a political meeting, an interview 
with a man who has suddenly become of local 
interest, an investigation of some commercial 
enterprise closely concerning the readers of the 

aper. He may find himself sont away for a 
week to follow a candidate through a by-election, 
perhaps in some remote constituency in the depth 
of the winter. His fate for the day, whatever it 
may be, 1s settled by the diary. 

t is the duty of every reporter to sco that 
every interesting event that takes place in 


town is entered in the diary, and the junior | 


may make himself very useful to his chief by 
keeping his eyes wide open for public announce- 
ments. It will be his duty also to familiarise 
himself with the dates of regular meetings which 
must be attended, and to see that these are 
carefully entered. The monthly meetings of the 
local authorities, the meetings of the town and 
county councils, the education authority, the 
parish and district councils, the annual meetings 
of societies, are all stock engagements which 
should never be left to casual recollection, but 
should be entered in the diary a year ahead. 
Notifications of most events are sent to the 
office by those concerned in them; but the 
vigilant reporter never relies on secretaries, and 
every day events occur of which no notification is 
sent. It is the duty of the reporter to see that 
these functions are not missed. 

What the Reporter Should Know. 
The wise reporter will know something about 
most of the things that happen in the town. He 
will know not only when an annual meeting is 
to be held, but what is likely to be disc at 
it. He will be friendly with all sorts and condi- 
tions of people, with employers of labour, with 
working men’s leaders, with social workers, with 
ministers and clergymen, with lawyers, shop- 
keepers, police officers, builders, doctors, work- 
house ials, town councillors and poor-law 
Se and s host of other people 

all sorte of posts and places. The whole world 
is his idea-box, and the reporter never knows 
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when there may be a column of “copy” in the 
most casual remark of somebody he meets. 
He may be attending a public meeting in a 
neighbourmg village, and may find himself 
chatting with the chairman, who is, let us say, 
the local estate agent and valuer. Has the 
reporter ever thought of the copy that lies 
unused in a valuer's office? If he is used to 
seizing opportunities, he will discover that his 
valuer friend knows the ins and outs of all 
the little businesses in the neighbourhood— 
how they pay, ther market value; what kind 
of business succeeds and what kind fails, and 
why ; the factors that make one tradesman’s 
life prosperous and happy and another a tragic 
failure. He will find a vertable mince of 
information of economic value and great public 
interest in the man whose business it is to know 
the comparative values of things in our villages 
and towns. 

The Value of Shorthand. It will 
have beon gathered already that a reportor’s 
life does not by any means consist in the mere 
writing of shorthand and the transcribing of 
his notes. With the development of journalism 
the reporter has become largely merged in the 
descriptive writer. There will, no doubt, always 
be a demand for notetakers; but there is no 
demand for men who can mercly take notes, 

One of the most successful journalists of our 
time, Mr. T. P. O'Connor, has said that a 
journalist will succeed better without shorthand 
than with it. What he means is, probably, 
that the journalist is better without short- 
hand when he 'as gained experience. It is un- 
doubtedly true that the man who succeeds in jour- 
nalism without tho use of shorthand is the best 
journalist, because his journalism is the sheer 
triumph of his own native ability without any 
mechanical aid such as shorthand gives; and in 
succeeding without shorthand he develops 
qualities a thousand times more valuable to him 
than shorthand could ever be. 

But we live in a world where journalists are 
not born with a T.P. pen in their hands, and it 
is still true that the broad way that leads to 
journalism ‘is by Pitman’s shorthand. No 
ordinary young man has the slightest opportunity 
of joining a newspaper staff unless he learns 
shorthand, and this great fact is in itself an 
answer to those who declare that shorthand is 
unnecessary. While, therefore, the young jour- 
Nalist will fight against any inclination to trust 
to his shorthand as to a crutch, he will not fail 
to use it as a walking-stick—if one may adopt 
Sir Walter's famous simile 

We have considered some of the duties which 
will make demands upon the reporter’s notebook, 
and there are countless others. Every day there 
may be police courts sitting in which the reporter 
must make careful notes of the evidence of 
witnesses and legal statements. Not a day 
passes in which a careless reporter would not 
run the risk of involving his paper in an action 
for libel. Even such simple matters as the use 
ea the word “ prisoner” for “ soigsmaganet en 

necessit rding a re in accordance 
with the theory that & man aD anccens until he 
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has been proved guilty, will cause the reporter 
much anxiety at first. 

Pitfalle in the Reporter’s Path. He 
must take care to realise the many pitfalls that 
lie in his path. He should never, when learning 
his work, resent the advice of a more experienced 
colleague. He should never allow himself to 
lose the sense of responsibility, to forget that 
the thing he writes is given to the world and 
cannot be recalled. The clerk who makes a 
mistake in his books to-day can rectity it to- 
morrow ; even next week or next month the 
mischief may be stopped bofore it has gone too 
far. But a mistake in a newspaper paragraph 
goes on for ever. Nocorrection can make it good. 

A full sense of this truth will save the jour- 
nalist from many slips. It will save him 
from such an experience as befel the writer 
when, m a mood of unpardonable indifference 
to all that he is now contending, he betrayed 
the paper which trusted him. There was 
in his town a place of entertainment so vulgar 
that he would not go to it, and his generous 
chief saved him the pain of rebellion by 
not marking him for the engagement he held 
in such contempt. There came a busy night, 
however, when there was no way out, and the 
sensitive junior reporter was marked to “* cover ” 
the fatal engagement. He would not go. On 
an electric switch by the fireplace in the reporter’s 
room hung the weekly bills of the music hall ; 
every week the new bill was put in its on 
the top. Taking down the top bill, the rebel 
junior, guarding himself by an assurance 
over the telephone that the programme was 
being “‘ satisfactorily performed,’ wrote a para- 
graph saying so for the next morning's paper. 
It appeared, a tame little paragraph in which 
nobody would have looked for a bomb- 
shell, until the. manager of the music hall 
called to know what subtlo reason the paper had 
for declaring that a programme five weeks old 
had been received the night before with great 
applause! There are obvious morals to the 
story, which every junior reporter may apply. 

Experience of “Copy.” The reporter 
should strive to create the feeling in the mind 
of his chief that he can be relied upon. It will 
be necessary at first for his copy to be revised, 
but the time will come when he himeelf will 
be given opportunities of revising the copy 
of @ newer apprentice, or of the country cor- 
respondents who, invaluable as they are to any 
paper, have sometimes a genius for missing 
essentials and for writing tediously, in very 
bad grammar, about trifling things. The value 
of the good local correspondent can hardly be 
exaggerated, but the chief value of the bad 
cor espondent is that his copy is a means of 
teaching sub-editing to thos who deal with it. 
The reporter who is called upon, as all reporters 
are, to practise sub-editing, will find this 
experience so useful to him that he should do as 
much of this work as he can ; it will help him to 
see defects in style, and to. achieve a free style 
of his own. ; . 

The bulk of the reporter’s work is, however, of 
® very different kind. His own copy should, after 


4192 


2 


one or two years’ experience, be ready for press 
without any sub-editing. He will learn in these 
first years much more than any book can teach 
him. He will have been called upon to test 
himself at almost every possible kind of function. 
He will have learned the value of every minute, 
the use of the telephone and telegraph, the 
importance of being able to make up his mind 
quickly how to act, the necessity of utilising 
time spont in travelling, and of writing with a 
rapidity he has not thought possible before. Hv 
will have found that newspaper work is not all 
flower-shows and weddings; but he will havo 
found, also, that constant application and 
organisation make the most difficult things easier. 


Reporting a Speech. There is a great 
difference in the styles of reporting which will 
come under his notice. The reporter will dis- 
cover these things for himself, but we will take 
one example. There was a fine passage the 
other day in a speech by Mr. Winston Churchill, 
in which he drew the line between individualism 
and collectivism. Here is a first-person extract 
from his speech : 

That 18 where the Socialists make a mistake. Lot 
us be careful not to fall into 1t. We have an Army 
and Navy collectively. Collectively we maintain a 
Government, police, and Post Office. But we do not 
inake love collectively, Wo do not die collectively, and 
itis not coy that we suffer, and hope, and win, 
and lose, in a world of accidents and storms. 

The reporter who has to report this in the 
third person need only alter the first two lines: 
“That was where the Socialists made a mis- 
take Let Liberals be careful not to fall into it ” 
In ordinary third-person reporting, however, 
this degenerated into: - 

That was where the Socialists made a mustahe. 
Let them be careful not to fall into it. We had an 
Army and Navy collectively, Collectively we maim- 
tained a Government, police, and Post office. But we 
did not make love collectively, we did not die collec 
tively, and 1t was not collectively that we suffered, 
and hoped, and won, and lost, 1n a world of accidents 
and storins. 

This, of course, is full of absurditics, almost 
worthy of the reporter who put a quotation from 
Tennyson into the third person by saying: 
““The speaker said that kind hearts were more 
than coronets, and simple faith was superior to 
Norman blood.” 

It is unfortunately true that in third-person 
reporting the practice of unnecessarily altering 
the present to the past tense is ordinarily 
adopted, but it is rarely done without spoiling the 
report, and sometimes quite perverting the mean- 
ing, as, say, in the case of a speaker who says: 


-“ London is greater than Manchester, and its 


streets are wider than the streets of Manchester.” 
This in the third-person style of reporting now 
common would become: “ London was greater 
than Manchester, and its streets were wider than 
the streets of Manchester,”’ the effect of which, of 
course, would be to give the reader the impres- 
sion that London was greater than Manchester 
in the past, whereas what the spéaker meant 
was that it is greater than Manchester now. 
Reporting by Telegraph. The reporter 
will some day be called upon to send his copy by 
telegraph, and he will find this quite simple. 


The first thing neces is 
to obtain from the post-office, 
free of charge, a supply of 
Press telegraph forms. On the 
front slip (Form 1) are the places 
for the names and addresses of 
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offices in the kingdom where 
no Press message has ever been 
seen, but the Post Office rare] 

disappoints the journalist. It 
is a condition that notice shall 
be given of any messages over 
200 words, but where this is 
impossible the rule is readily 
relaxed. By writing to the 
secretary of the Post Office, 
giving him twenty-four hours’ 
notice, the reporter may have 
any office in the kingdom kept 
open on payment of a minimum 
fee. When the message is to 
be sent to various papers, all 
that is necessary is to write the 
names and addresses on the 
front slip of his message, or to 
pin a list to this slip, and to 
pay 2d. instead of a shilling for 
each subsequent address—that 
is to Say, & message sent after 
6 p.m. from London to ten 
different newspapers in ten 
towns will be charged for once 
at the rate of a shilling per 100 
words, and nine times at 2d. 100 words, and 

it may be sent any number of times at this rate. 

Rapid Writing. It is not possible for us 
to consider here, even in this brief fashion, all 
the practical things that a reporter must know. 
He will come to learn them as he goes along. He 
should never be satisfied with himself so long as 
it takes him more than an hour to write out a 
thousand words in longhand from his notes. The 
reporter's ideal is the House of Commons Gallery 
man who once wrote three columns of the Timzs 
(over 6,000 words) in three hours. 

To facilitate rapid writing of longhand a series 
of abbreviations 1s recognised in every printing 
office and in every post-office. They are: 

/=the, fm=from, f=for, wd=would, o=of, shd=should, 
t.=that, h=have, wl=will, w<with, wh=which, ed=could. 
Many other abbreviations will readily suggest 
themselves—such as, for instance, g for ing ; n for 
tion—that is, speak’ for speaking ; terminat® for 
even greater importance is it t 
journalist should learn how to correct proofs. - 
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5 end byé corrections involving only ten minute 
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er’s corrections, and 
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in the same order \that is, 


HOW TO CORRECT PROOFS 


This passage appears in its revised form on this page as part of this article, 
and the actual passago should he compared with the above 


The exercise of care in correcting will bring its 
reward in a great saving of time and expense. 
One man may correct a proof in such a way that 
its revision involves an hours work in the com- 
posing room, while another may achievo the same 
end by corrections involving only ten minutes’ 
work. Proof correcting is essentially one of 
the things which only experience can teach, and 
the experience will come early and naturally 
to the journalist. On this page there is reproduced 
the passage we are reading, specially set so as to 
represent typical mistakes made in setting. In 
the margin appear the reader’s corrections, and 
® comparison of these with the paragraph as now 
being read will illustrate the way in which proofs 
are revised. It will be noticed that where two or 
more corrections occur in one line the correc- 
tions are marked in the same order—that is, 
the first correction refers to the first mistake, 
the second to the second mistake, and so on. 


The Reporter’e Difficulties. The 
reporter should learn to write in almost any 
conditions. He may have to take notes in a 
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crowd, holding an umbrella, or hanging on to & 
lamp-post. He will find great difficulty at times 
in obtaining names at meetings; will suffer 
much inconvenience from the neglect of secre- 
taries, the mistakes of speakers, the bad manners 
of many people who ought to know better. He 
will be insulted by people who imagine that every 
reporter has his price—from the poor woman who, 
knowing no better, offers him sixpence to keep 
her boy’s name out of the paper, to the man 
who, knowing better, is not ashamed to tempt him 
into evil by offering him gold. 

The good reporter is oblivious of the difficult 
or unpleasant circumstances in which he may find 
himself at times. He will think nothing of 
having to write in trains—that, if he will sit 
facing the engine and write on a stiff board, 
letting his back come into contact as little as 
possible with the carriage, is easy. He will 
accept a difficult engagement quite readily, 
knowing that the experience will make the same 
work easier when it comes again, until difficulties 
cease to trouble him, He will learn to have a 
contempt for such men as the reporter on a 
London morning paper who, having been 
engaged in the office for some time, was told to 
do outside work. “ But I am no good at outside 
work,” he said. ‘‘ Well,” said the editor, “ that 
is all I have for you.” “ Well, I had better take 
my pay and go,” said the stupid reporter, and 
one of the most go-ahead halfpenny papers in 
London was well rid of him. The reporter who is 
“no good at outside work” is no good for any- 
thing to a newspaper, and it is a most unfortunate 
day in a journalist’s career when he refuses an 
engagement for reasons of that kind. 

Royal Road to Information. 
There are many things that the reporter must 
teach himself. Only his own experience can 
teach him the priceless value of the gift of 
holding his tongue and of never expressing 
surprise. 
ere is a familiar story of a representative of 
the Trims dining with a physician, who men- 
tioned that a statesman hed that day asked him 
if India would suit him. He had answered, 
“Yes.” The Tras reporter exhibited no sur- 
prise and no unusual interest. Knowing that 
the Viceroyalty was vacant, he went to the 
office and wrote a paragraph saying that the 
statesman was to be the new Viceroy of India. 
He was right. A casual remark at dinner had 
contributed what may have been the most 
interesting paragraph in the next day’s papers. 
It was a creditable achievement, and it depended 
upon four qualities on the part of the journalist. 

e knew his facts; the Viceroyalty was vacant. 
He had cultivated his natural powers of deduc- 
tion; it was not likely to be a mere coincidence 
that one of the probable candidates for the 
Viceroyalty should ask at that particular moment 
if India would suit his health He had the 
astuteness not to seem unusually interested ; he 
had all the information he wanted, and knew 
that any expression of surprise might cause the 


journalism ; he did not wait to make further 
inquiries, which would have lost him ‘the dis- 
tinction of making an exclusive announcement. 

The Man Who Always Knows. It is 
one of the surest and wisest rules in journalism 
never to manifest surprise. It is the business 
of the journalist to know, and he should give 
the impression of a man who knows wherever 
he goes to seek information. The quickest way 
of closing & man’s lips is to express surprisc 
at anything he has said. He hesitates, pauses 
to ask himeelf if he is wise, and at last regrets 
having revealed a secret. The natural reluctance 
of men and women to say anything which may 
involve them in trouble or publicity makes the 
work of the journalist often unnecessarily hard ; 
and the journalist can Smooth the way for him- 
self by taking a startling statement as a matter 
of course, as if he had been familiar with it 
all the time. It is not necessary, of course, 
to point out the difference between a piece of 
confidential information and information which 
it is quite legitimate to publish, though the man 
who can give it is unreasonably nervous about 
doing so. No reporter worthy of the name will 
break faith by publishing something he has pro- 
mised to keep secret. We are discussing now the 
method of obtaining information or opmions in 
a quite legitimate manner from persons who, 
either because of their own nature or because of 
the circumstances, may be very easily frightened 
and stricken dumb by the way in which the 
journalist receives their statements. 

The Value of Sympathy in Report- 
ing. The reporter’s life brings him into contact 
with that side of things which is not always the 
best, but he will, if he is wise, take care that his 
experiences make him not a worse but a better 
man. He need not be ashamed of having emo- 
tions even as other men. The chief reporter who 
knows his work well and knows how to get full 
value from his staff will do his utmost to see 
that his reporters are sent to pathetic engage- 
ments, and he will do all that he can to encourage 
rather than repress any enthusiasm the reporter 
may manifest. The reporter is too often re- 
garded as something apart; a necessary, but 
not an integral, piece of machinery. He should 
make it his business to become an integral factor 
in things, to feel himself a part of, and let others 
feel that he is a part of, whatever is happening. 
It is inevitable that the reporter should 
find himself in the company of people he dis- 
likes, in an environment that is intolerable to 
him, doing work that he detests ; but it is a good 
thing to bear in mind that the man who will 
describe a movement best is the man who feels 
the spirit of it, who knows the aim of it. There 
was a wonderful article describing a Salvation 
Army meeting in a London paper not long ago. 
It was written by a reporter who calls himself 
a Freethinker, but who had the greatest difficulty 
to keep away from the penitent form as he lis- 
tened to Miss Eva Booth. It is not astonishing 
that he wrote a wonderful article. The reporter 


physician to pledge him to secrecy. Hehadthe who puts his soul into his work will carry 
courage without which no man ever succeeds in everything before him. 
Continued 
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A Set of Garments for Little Boys. 
Suits. 


The Popular ‘‘ Man-o’-War.” 
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Tunic and other 29 


CHILDREN'S CLOFdiXe 
continued fiom page 405 


A Scotch Kilt 


By AZELINE LEWIS 


jt has already been remarked that, although 

both boy and girl babies at first wear petti- 
coats, there is some slight difference in shape, as 
those for the boys are generally cut with long 
waists, the skirt part consisting of a shaped or 
straight-gathered frill. The little frocks, too, 
even the kilted style, could be made on the 
same lines. 

Diagram 88 shows a set of boy-baby garments 
for the first stage: (a) is the small combination, 
consisting of two parts, the 
leg portions of which, made a 
little larger, will afterwards 
do for pants. At this very 
early stage, however, a little 
knitted vest, cut up sufficiently 
deep to form legs, will answer 
the purpose admirably.  (e) 
is an American vest or shirt, 
made of very iinest flannel, 
which may be worn up to 
four years of age under a tunic 
or suit. 

The small drawers are 
shown at (b). These are made 
all in one, the fastening con- 
sisting of tape passed through 
eyelet-holes, as in the sketch, 
which are drawn up and 
passed round the buttons of 
the bodice. (c) is the petti- 
coat, which differs only from that shown in 47 in 
having the seams from the armholes, and one 
instead of two shaped frills for the skirt. 

The frock, made of white flannel, Viyella, 
or wincey, is shown in (d). (g) is a cross-over 
tunic, with vest and collar; (h), a pleated tunic 
frock. For quite small boys these are better 
arranged in a short yoke, but for older boys the 
pleats should come from the : 
shoulder. (t) shows a smock, 
or overall, of holland or linen, 
and (f) a neat variation of the 
tunic suit, with an added 
waistcoat, 

Tunic Suite. Nearly all 
these garments can be cut 
with the aid of the draftings 
already given, with slight 
alterations. The bodice of 
the petticoat and frock, for 
instance, is the same as in 
25, only a few inches being added to the 
length, and seams made to come from front of 
armhole. Directions have already been given in 
DrEssMakIne for cutting circular and shaped 
flounces, the little skirt sketched being of this 
shape, as it seta out so much better at the lower 
edge than the straight-cut one. 
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The little frock is exactly the same shape, 
minus the seams at side of front, the pleats 
being arranged on the pattern before cutting out. 
If made in washing material the bodico need not 
be lined, but the pleats should be stitched down 
at each edge; if of woollon goods, a lining is 
needed, Tho petticoat will take $ yd. of 36-in. 
material, and the frock from 1 to 1} yd. of 27-in. 

oods. 

Diagram 84 shows the shape of the American 
shirt, which can also bo 
adapted from the bodico 
pattern, with the necessary 
extension for the belt part. 
This vest should be cut solv- 
edge ways of the flannel, as 
it is then much less likely to 
stretch. The cdges are bound 
with lute ribbon, care being 
taken not to stretch the cross- 
way cdges, whilst the seams 
must be neatly herringboned 
with fine cotton. Threo- 
quarters of a yard of flannol 
are required. 

In 85 we have the drafting 
| of a tunic which will serve 

for (f), (g), (%) and (+) in 88, 
as well as for (d) and (/) in 386. 
These can be evolved from 85 

by adding on the requisite 
length and width to the lower portion. Tho 
pen tunic measures about 1} yd. round the 
ower edge. 

The double broken line at (a) in 85 shows the 
direction to be taken for the fronts of the cross- 
over tunic in (g) of 883 for a very little boy; 
whilst the single row of broken lines indicate the 
direction for the plain double-breasted affair, 

with a diagonal closing, as in 


: 


a a st 


— 
—<_ 


(d) of 86. 
The pattern will also servo 
as model for the pleated tunic, 
en shown in the same diagram 
4 [88], by modelling the plcats, 
as described for the pleated 
skirt, as shown in diagram 80, 
and also in TAILORING FOR 
a GiR1s [page 2468]. The box 


84. AMERICAN SHIRT 


pee are about 2 in. wide. 
f a yoke be needed, cut this 
from the upper part, as shown 
by the notches, and model the pleats for the 
lower part as described. , 

This tunic may fasten at centre-back or front, 
as preferred; if in front, the opening must be 

to come under the middle pleat. 

Directions for drafting the collar have already 

‘been given, whilst that for the crossover tunic of 
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88 must be shaped to fit the neck and front ‘ 


opening. The vest can be cut to the directions 
of the singlet shown in the boy’s man-o’-war 
suit, in 41, with the addition of a collar, or not, 
as fancy may dictate. 

Little Boys’ Suits. The ideal suit for 
small boys, advocated by many doctors, is the 
kilt. This provides the necessary leg covering 
and gives freedom, whilst ensuring warmth to 
encourage a proper blood supply to the knee and 
leg. The kilt can be worn , 
with either coat and waist- 
coat—the making of both of 
which have been already 
described [31]—or a sailor 
blouse. 

Diagram 86 shows the 
various garments suited to 
the second stage of the small 
boy’s cxistence. (c) is the 
small first shirt, to be made 
of either flannel or shirting. 
Combinations would, how- 
ever, still be retained, and 
knickers or pants would be the same as those in 
88, with a slight increase of size. (b) and (a) 
depict two French shapes for the small boy, 
which may be commended to the notice of 
mothers. The first is a cross between a chemise 
and a shirt, which may be recommended for 
summer, whilst the latter, combining the advan- 
tages of the shirt and combination, is advisable 
for winter wear. This latter shape, with the 
leg portion further lengthened, forms tho 
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In (d) is shown a Russian 
tunic, which is worn over 
small knickers, and can be 
plain or pleated, as preferred. 
(f) depicts the same pattern, 
only made to fasten in the 
centre. This is a very suit- 
able style for boys from four 
to six years of age. 

Three things are necessary 
to this suit—ztz., the collar, 
tie, and the belt, whilst a 
fourth may also be added— 
the cap, which is of the 
“Tam” order, for outdoor 
wear. The suit may be made 
of any material, and any 
suitable colour. The suit can 
also be worn by older boys, 
when a plain Eton collar is 
best. The belt should be of 
leather, with a large plain 
buckle. 

In (t) we have a Scotch 
kilt suit. For the making 
of this, see directions for kilt in the pre- 
vious course [page 4053]. It may, however, be 
remarked that the kilt should be fuller, and can 
well have three widths of material. (A kilt for 
an adult Scot measures, on an average, seven 
yards round.) If made with a plain front it 
should be made to lap over the full width of this 
plain part, and thus be double where required. 
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For the making of the coat and waistcoat, 
see TAILORING FOR WOMEN AND CHILDREN 
[page 1110], all that is necessary being to cut 


° the pattern without allowing inlays, if required 
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86. LITTLE BOY’S GARMENTS 


for the smaller size. 

A Maneo’-War Suit. In (g) we have the 
suit cut exactly on the lines of that of a Jack 
Tar From a hygienic point of view this is by 
far the best sailor style for the tiny boy, because 
the blouse, or “jumper,” as it is technically 

known, is cut somewhat 
‘ long, so as to be tucked 
into the waist part of the 
trousers, which are cut with 
a fall-front, and thus affords 
more warmth than the or- 
dinary blouse gathered into 
an elastic. 

(e) shows a blouse fastened 
over in the manner of a 
short Breton coat, which 
makes a warm wrap. In 
the American fashion it 
fastens over in the opposite 
direction. (h) illustrates a removable sailor 
collar, the semi-circular piece at the back keep- 
ing this in position. From six years of age and 
onwards the coat and knickers, as well as the 
Norfolk and other suits which are described in 
TAILORING [page 1752], can be worn. With regard 
to his out-of-door attire, the small boy looks very 
well in a tunic coat, cut on similar lines to that 
sketched in 86, made of cloth, velveteen, or cordu- 
roy velvet, with leather belt and large square 
______ buckle. Another style would 
be the sacque coat, cut the 
same as in 82, only less full in 
the skirt portion, and made 
single or double-breasted, as 
preferred. This can be accom- 
panied by two or three gradu- 
ated capes, highwayman 
fashion, and a tricorn hat. 

The reefer coat is a very suit- 
able accompaniment to the 
man-o’-war suit shown in 36. 

Later on the little boy may 
quite well be clad in an over- 
coat with a step-collar, with 
Chesterfield or double- 
breasted fronts, for which 
full description as to drafting 
and making are given in 
Boys’ Suits [page 1754}. The 
system of drafting there given 
will answer for this with the 
necessary alterations of chest 
and length measure. In many 
cases the drafting will do 
perfectly for the smaller size, 
if cut without allowing inlays. The making of 
such an overcoat will be exactly the same as for 
the larger size. If required double-breasted, and 
to fasten with buttons and buttonholes instead 
of a fly-front, an extra two inches must be allowed 
for the lap-over, whilst the fronts would be made as 
described for the Norfolk coat. 

Continued 
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Cadetship. Promotion. 





By C. DUNCAN CROSS 


WE have seen how a man may rise from 

private to warrant rank. e now come 
to the career of a soldier who joins the Service 
as an Officer. 

To be eligible, the young man must attain to 
certain physical requirements. His chest mea- 
surement and height must accord with the figures 
given in the following table; his eyesight must 
be good, and his hearing perfect. His teeth are 
carefully examined. More than ten lost or de- 
cayed will disqualify him, though a decayed 
tooth well stopped is counted as sound. 


Cheat. 


Girth when 
fully expanded. 


Height without 
shoes. 


Range of 
Expanalon, 


Age last 
birthday 


62 and under 65 | 2 
6 8 


» 
af) 2 

72 and upwards | 2} 
62} and under 65 2 
’ 68 ‘ 2 
68 70 2 
70s, 72 2 
72 and upwards 2 


He will choose first of all which of the two 
great divisions of the Army he desires to enter. 
If he has a strong taste for engineering, for 
mathematics, and for the applied sciences, he 
will do well to choose the Royal Engineers or 
the Royal Artillery, through the Royul Military 
Academy. Or, if he prefer, he will enter the 
Cavalry, the Infantry, or the Army Service 
Corps, through the Royal Military College, 
Sandhurst. 

The Royal Military Academy. We 
shall consider first the Royal Military Academy, 
or, a8 it is called, “‘ the Shop.” 

Admission is gained by open competitive 
examination (fee, £2 in London, £3 in Dublin), 
held in June and November each year. The 
candidate must be between 18 and 19} years 
of age. He must produce either a leaving certifi- 
cate from one of the accepted sources, such as 
the Oxford and Cambridge Schools Examination 
Board, the Universities of London or Birmingham, 
the Oxford or Cambridge Local Examination 
Board (in Scotland the Scottish Education 
Department, and in Wales the Central Welsh 
Board for Intermediate ree ° he coat 

uce a “ qualifying” certificate, for whic 

oe examined by an Army qualifying board 
in English, English history and geography, 
elementary mathematics, and two out of the 
following three subjects: Science; French or 
German; Latin or Greek. Or he can produce 
an “exempting ° certificate showing that he has 
passed certain other Civil Service examinations 
of an equal or greater severity. 





The subjects of the entrance examination are as 
follow : 

COMPULSORY SUBJECTS 

EnGuisH. Essay, précis writing, and reproduction 
of passages read. 

FRENCH OR GERMAN, Translation into and from, 
conversation, and an essay. 

Matuematics I, Arithmetic, geometry, Euclid I. to 
VI., algebra, a knowledge of simple trigonometry, 
simple statics and dynamics, 

And two of the following : 

OPTIONAL SUBJECTS 

Marurmatics JI. Including mathematios I. (above), 
with solid geometry, Euclid (Book XI.), advance 
algebra, differontial and integral calculus, co- 
ordinate geometry, clomentary statics of liquids 
and gases. 

History. A general paper, a period or a general 
paper on ancient history, a military biography. 
Gunman on Frencn. Other than the language 
selected in compulsory subjects. 
Latin oR Greek. Translation 

latin verse or Roman literature, 

Sorence. An examination to tost & general know- 
ledge of physics and chemistry. 

Physical Standard. Should the applicant 
prove successful in the examination, it will 
necessary for him to pass a severe medical test 
before he can be accepted. To minimise the 
possibility of failure now, with its consequent 
waste of time and money, he may apply to 
the Secretary, War Office, for a prelimina: 
medical examination (fee, £2 2.), in whic 
case arrangements will be made with a medical 
board at the military station nearest to the 
applicant’s residence. This preliminary ex- 
amination is in no way final, and binds the 
War Office neither to take nor reject the 
candidate, the final examination being the 
report on which his physical condition 1s con- 
sidered. Should the final medical examination 
be unsatisfactory, an appeal may be made 
for a further inquiry into the applicant’s health, 
in which case a fee of £4 4s. must be deposited 
in advance. This will be returned should the 
appeal be found to be justified. 


Cadetship. The medical board safely passed, 
the candidate is then entered as a cadet. The 
fees range from £40 to £80 for the sons of officers, 
retired officers, and a few privileged persons, 
according to the rank of the father; for the 
son of a private gentleman the fee is £150. 
A few King’s cadets (sons of officers who have 
died on service) are educated free of charge. 
Beyond this, for other than King’s cadets, at the 
beginning of the course a sum of £35 must be 

id for uniform, books, etc., and again at the 
becinning of the third term a further sum of £15. 

An allowance of 3s. a day is made to each 


into and from, 


cadet in aid of expenses of uniform, messing, 


washing, etc., but a further allowance from the 
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parent is necessary. With economy on the 
of the cadet, £50 a year will suffice for pocket- 
money, travelling and other expenses. 

The course of instruction extends over two 
years, divided into four terms, and includes 
the following subjects : 

Mathematics and a seaae meats military 
engineering, practical geometry, military topo- 
ora hy and freehand eine nilitary history 
and tactics, electricity and magnetism, chemistry 
and physics, French and German, military law 
and interior economy, infantry drill, riding, 
gymnastics, signalling, workshops. 

Every half-year the cadet is examined by the 
staff of the Academy, and by outside examiners 
at the end of each year. A certain percentage 
of marks must be gained or the cadet loses the 
term and forfeits all claim to choice of corps, 
and, if the same thing should happen again 
he is removed from the Academy. 

A Commission. At the end of two years, 
supposing him to have reached the Fourth Class 
and passed his final examination successfully, 
the cadet is gazetted to a second lieutenant’s 
commission in the Artillery or the Engineers. 

The Royal Military College (Sandhurst) is an 
institution similar in character to “the Shop.” 
Its function is the training of officers for the 
cavalry, the infantry, and the Army Service 
Corps. The qualifications and certificates are the 
same as those necessary for the Academy and the 
course consists of four terms normally, though, 
pending the enlargement of the college, a tem- 
porary two-term course has been adopted. The 
course is less strenuous than that of the Military 
Academy, gunnery, chemistry and physics, and 
workshop practice being omitted, and the cadets 
go into camp for three weeks in the summer. 

Passing Out. When the final examination 
is passed and the candidate passes out of the 
Academy, the choice of corps, so far as vacancies 

rmit, is given to those who have passed out 
highest in the order of merit at the final exam- 
ination; but those candidates who are recom- 
mended for the Royal Artillery are given the 
opportunity of choosing whether ag (ae 
the Field Artillery or the Garrison illery. 
Provided he has distinguished himself in riding, 





CAVALRY. 

































Lieut., £70 a year. 
ae 1s. 6d. a day for every five 
q In “ es 


ears served. 
dition, A.8.C. ‘ 
eut., 2s. 6d.a 
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rane eee aya aii | on BAM. 
Household | Cavalry of | Royal Horse ngineers. Line and 
Cavalry. the Line. ‘Artillery, ening ete A8.C Y 
&£sadj/£sa. d|/f£ 8a ALE wa Aaie&Eadisadaif£adisés. d. 
Colonel or Lieut.-Colonel .. 18 6/1 1 6;1 49/018 0;018 0;018 0/018 0/2 0 O 
BIOL oad. oe | wan, We. 2S +015 6)';015 0;018 6':016 0;016 0;018 71018 7{1 8 6 
oo _ After 2 years’ service 018 0:017 O — _— -—— 016 0;016 Oo —_ 
Captain... .. .. «se ee 018 61018 0;015 O|O011 7/011 71,011 7/011 71015 6 
“ With Brevet rank .. 015 6/015 0/017 0/018 71/018 7/';018 7;018 7 -— 
Tieutenant .. .. .. .. ..|09 9 0/0 7 8!}0 8810/0 6100 610;:;0 6 6/0 6 61014 O 
Second Lieutenant .. .. 19 6 8/0 6 8/0 7 8/0 &6 71/0 5 71/0 & 810 5 8 — 
Adjutant, if Captain, additional...0 3 61/0 5 0;0 2 6;0 2 6 — 0 26/0 2 6 od 
is eutenant _,, 026106 0/0 2 6/0 2 6 —_— 0 $3 61,0 8 6 _ 
ST peohabher erate de. as 010 6';010 6/010 61:0 9 6/0 9 6/0 9 0/0 9 0/0 9 O 
idingmaster ‘ 010 6';010 61/010 6;010 0/010 6 — —_ —_ 


* In addition, ‘‘ Engineers’ Pay,’’ Lt.-Col., 148. ; Major, 9s. ; Capt., 68.; Lieut. and Second Lieut., 43. @ day. 


t In addition, “‘ Guards’ Pay,” Col., £280; Lt.-Col., £200; Major, £170; Capt., £140; Lieut. and Second 


Pa Pay,’ Lt.-Col., 68.; Major, 58. 4d.; Capt., 48.; Lieut., 88. 6d.; Second 


horsemanship, and Field Artillery drills, the 
cadet who desires it will be posted to the Field 
Artillery, from whose ranks are selected the best 
riders and the smartest officers for the Horse 
Artillery. 

In passing from the Military College, selection 
is made among the successful candidates as 
follows. The cavalry cadets are appointed to 
British cavalry, and after their claims have been 
satisfied, the remaining commissions are thrown 
open to other cadets who desire them, and are 
allotted in order of morit. As to the infantry, 
cadets having special or territorial connection 
with cortain regiments should apply before the 
examination to the Military Secretary through 
the commandant of the College. Occasionally, 
if the claim is a very strong one and no vacancy 
exists, the cadet is allowed to wait, but in no case 
may he wait more than six months. Candidates 
without special claims may apply for special 
regiments, but they are not allowed to wait 
should there be no vacancy. In duo course the 
successful candidate’s name appears in the 
‘* Gazette,” he receives from the Military Secre- 
tary a confirmation by letter, and from the 
Adjutant-General orders to join his battalion. 

The case of a cadet joining the Indian Army 
is treated separately. 

University Men. A certain number of 
commissions are given to students at the 
great universitics who are between the ages of 
twenty and twenty-five and who have graduated 
in any of the approved subjects (except 
theology, medicine, music, or commerce). A 
student passing with first-class honours is 
entitled to count one year’s seniority for it. 
A candidate for the Royal Artillery must show 
that he has qualified in the same mathematical 
subjects as are required in the entrance examina- 
tion for the Royal Military Academy. The 
further qualifications required of all university 
students are that they shall have been attached 
for training to a Regular unit during the previous 
two years, and that they can obtain qualifying 
marks (‘5 in the aggregate) in military history 
and strategy, tactics, military engineering and 
topography, military law, and military admini- 
stration. 
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Officers of the Militia and the Imperial 
Yeomanry are also admitted on similar condi- 
tions, provided they have served for two annual 
trainings, have been attached to a Regular 
unit for instruction in drill, discipline, interior 
economy, musketry, signalling, and practical 
tactics, and are recommended by their com- 
manding officers. Further, they must produce 
the “leaving” or qualifying certificate before 
mentioned. 

Equipment. The cost toa newly appointed 
lieutenant, including private clothes, etc., ina Line 
regiment of infantry will be not far rag 
£100, and in the cavalry close upon £250. e 
equipment, such as revolver, field-glasses, 
saddlery, etc., can be bought either at Govern- 
ment price from the Ordnance Department, or 
privately. In the Foot Guards and Household 
Cavalry the outlay is naturally greater. It 
may be said that a second lieutenant in the 
Infantry of the Line should have at least £100 
and in the cavalry £200 a year of his own. 
Even this will mean cutting down personal 
expenses to a@ minimum. 

Promotion. As second lieutenant he must, 
before promotion to lieutenant, pass a simple pro- 
fessional examination in regimental duties, which 
is based on the “King’s Regulations,” the Army 
books and forms in use, the Pay Warrant, 
‘‘ Equipment Regulations,’ and, in the case of 
foreign service, on the special Army Regulations 
laid down for the particular country in which 
he is serving. The examination divides itself 
into four heads : 

1, Discrptine. General instructions; administra- 

tion ; courts of inquiry ; deserters; and disposal 

of prisoners. 

Duties. Roster of duties; garrison and field 

duties; compliments; guards and_ sentries ; 

military funerals ; duties in aid of civil authorities. 

Inrer1onR Economy. Officers and N.C.O.’s; 
system of keeping accounts, books, and returns for 
squadron, battery, or company; system of pay- 
ment, messing, and supply of necessaries for aame ; 
pay of N.C.O.’s and transfer and discharge of 
soldiers, 

4, MiscELLANEOUs INFORMATION. The method of 
supplying troops in quarters and in the field; a 
junior officer’s duties in connection with the move- 
ment of troops by land and sea; detail of carrying 
arms and equipment (for the cavalry, the detail of 
saddlery, the fitting of saddle and bridle, etc. ). 
Practical Test. In addition, there is a 

practical examination in the field to be passed. 

The candidate is required, in addition to 

giving the words of command, to explain 

clearly and simply the movement he orders 
to be performed. In the cavalry, the exami- 
nation is based on “Cavalry Training” and 
the “Musketry Regulations,” and comprises 

a knowledge of 

Drnuis. Military equitation; the instruction of a 
soldier mounted and on foot; and the capacity to 
command a squadron on parade or in the field. 

Musketrry. Instruction of the recruit ; preliminary 
drill and practice; field firing and dismounted 

ractice with horses ; musketry retur.is. 

Miscellaneous subjects from ‘“ Cavalry Training.” 
Artillery. In the Artillery the examination 

is rather more complicated. The range of books 

required is also wider. It includes “ Caval 

Training,” “Field Artillery Training,” “Ri 
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Exercises and Infantry Training,’ ‘ Infantr 

Training,” and the “Handbook of the Gun,’ 

‘Instruction for Practice, Horse, Field, and 

Mountain Artillery.” 

Here is the syllabus of the examination: 
Dritisa anD Exercises. Instruction of dismounted 

men; oquitation, stable duties, and driving ; drills, 

manoeuvres, and ceremonial observances ; riflo and 
istul exorcise ; guards; section gun drill; gun- 
aying—sights, tangont, and telescopic; indirect 
laying and the use of the clinometer; caro and 
justment of sights; the laying of a gun undor 
competition conditions, 

EquipMENT. Taking to pieces fittings of guns and 
carriages, and the explanation of their uses; 
knowledge of the parts of gun-carriages likoly to 
suffer from wear, ill-usage, or service conditions ; 
explanation of the construction and action of 
various projectiles; the action of fuses ; preparation 
charges and the setting of the fuse. 

Practice, A gencral knowledge of Chapter IV. of 
‘Field Artillery Training.” 

The examination for coast defence companies 
is similar, but deals more with the work 
of a coast defence section of artillory—the 
construction of heavy guns, their fitting and 
adjustment, and so forth. The books on which 
the examination is based are “Infantry Train- 
ings parts I. and II. ; ““ Handbook of the Gun ”’ ; 
“ Garrison Artillery Training,” Vols.I., I1., and 
III.; and “Instruction for Practice Seawards.” 

For siege companies and heavy batterics the 
examination is much the samo as for coast 
defence companies, but in relation to siege guns 
particularly. The books required are “ Infantry 
Training,” ‘‘ Siege Artillery Drill,” and “ Heavy 
Artillery Training.” 

Engineers and Infantry. For ongincers 
and infantry the examination is quite simple, 
and is based on “Infantry Training,” ‘ Com- 
bined Training,” and the ‘“ Musketry Regu- 
lations.” The following are the subjects : 

Dritt, Squad and company drill; to command a 
company in battalion drill. 

Exercises, Rifle and firing exercises; advanced 
guards and rear guards ; outposts and skirmishing ; 
the company in attack and dofence ; ceremonial, 

Musxerry. Instruction of the recruit ; preliminary 
drill and practice; the making up of drill and 
practico returns, 

The Army Service Corps examination is 
practically the same as that for infantry and 
engineers, except that under the heading of 
“ Drills’ comes knowledge of corps duties from 
“A.S.C. Training,” and instead of ‘‘ Exercises ”’ 
is carbine exercise and manual and firing 
exercises. 


Promotion to Captain. The next stage 
in the lieutenant’s career is promotion to cap- 
tain. This comes by seniority, with a certain 
amount of selection in the case of a particularly 
desirable officer. It is possible to prepare for this, 
but more usually a tutor is employed for a month 
at a cost of twelve to fourteen guineas. In an 
case, he must pass a searching test in (i.) Practi- 
cal military topography ; (ii.) practical military 

ineering ; (lii.) practical tactics; (iv.) riding ; 
sad: if he belong to a mounted branch, (v.) horse- 
mastership, which includes horsebreaking, veter- 
inary knowledge, and, indeed, a comprehensive 
knowledge of the whole subject. Beyond this lies 
@ theoretical acquaintance with military law, 
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engineering, tactics and topography, adminis- 
tration, organisation and equipment, and 
military history. A candidate for a captaincy 
in the artillery must in addition pass in 
artillery, and in the A.S.C. will be tested in 
the varied duties which fall to the officers of 
that branch. 

Higher Staff Appointments. As cap- 
tain he will, if he be an ambitious man, try to 
enter the Staff College, which, after a two- 
years’ course, will make him eligible for higher 
staff appointments. There is also the recently 
created general staff which will attract the most 
brilliant soldier to its ranks. To prepare for the 
entrance examination a tutor (cost about £40) is 
necessary. On the other hand, he may prefer to 
remain with his regiment, in which case seniority 
will carry him to senior major. Before promotion 
to lieutenant-colonel he will have to show in 
the field his ability to handle mixed forces of 
all arms of the Service which will be placed 
under his command, to take part in staff rides and 
war games, and generally to prove by practical 
demonstration that he can not only command 
men, but that he has also those higher quali- 
ties which make the successful tactician and 
atratogist. 

Among the side avenues of the Army the 
Royal Army Medical Corps, the Veterinary 
Service Corps, the religious, and the scholastic 
branches offer many advantages to men of 
epecialtraining. As these are of purely technical 
interest, and appeal only to men with special 
civilian training they may be dismissed with the 
statement that to enter them a proof of pro- 
fersional capability is required in the form of a 
diploma, and that promotion comes by seniority 
and length of service. 

The Indiam Army. On passing out of 
the Military College the cadet is gazetted as 
second lieutenant on the unattached list, and 
is appointed to a British regiment serving in 
India. From the date of his first commission 
to the date of his arrival in India he receives 
the British pay of his rank. At the expira- 
tion of one year’s actual duty with the 
British regiment, should he prove satisfactory, 
he is admitted to the Indian Army with the 
rank of second lieutenant, and appointed 
to a native regiment. Here his ition is 
infinitely more responsible than that of second 
lieutenant in the British Service. He has native 
officers of many years’ service under him, and his 
pay—considering the cheapness of native ser- 


vants, and the lower standard of expense 
generall oa in the Indian Service—is 
more quate. ithin two years and three 


months from his first commission he must pass 
an examination in Urdu by the lower standard, 
and he will then be promoted to lieutenant. 
Within three years of his admission to the Indian 
Army he must the higher standard of Urdu, 


for until that is done he is not eligible for any 


higher appointment than squadron or double 


company officer. When the direct supply of 
officers from Sandhurst fails, officers are drawn 
direct from volunteers from British regiments. 

In addition to the Urdu examination, officers 
are required to pass another examination in the 
language chiefly spoken by the men of their 
regiments, There is also a simple professional 
examination. 

Promotion. Promotion in the Indian Army 
(subject to the passing the examination) is regu- 
lated by length of service. As we have seen, after 
27 months a second lieutenant is promoted to lieu- 
tenant; after nine years he becomes a captain ; 
after 18 years, a major; and after 26 years a 
lieutenant-colonel. Jt may, however, be acccler- 
ated with luck by a brilliant man. A major 
may be promoted to lieutenant-colonel when 
he is appointed to command a regiment or 
battalion, or an appointment which would carry 
the substantive rank of colonel if the officer 
were qualified for that rank ; and in one or two 
other cases. 

A lieutenant-colonel reaches the rank of colonel 
in similar fashion on completion of three years’ 
service in command of a battalion or regiment, on 
completion of six years’ service as brevet lieu- 
tenant-colonel in a military appointment, or 
by holding certain analogous positions, 

Promotion to the rank of major-general is 
made by selection. In the same fashion is 
promotion to one of the five lieutenant-general- 
ships. Last of all, above this come the three 
generalships by seniority after three years 
or more as lieutenant-general. 

The Egyptian Army. Officers of the 
British Army desirous of joining the Egyptian 
Army must apply through their colonel 
to the Adjutant-General of the Egyptian 
Army, Khartoum. Officers must be over 25 
years of age, unmarried, must be good horsemen, 
and must obtain a medical certificate that their 
health is equal to service in a tropical climate. 
They must have had five years as commissioned 
officers, and must have passed for the rank 
higher than that which they hold. 

On acceptance they join the Army as bimbashis 
(majors), or a higher rank if their position in the 
British Service warrants it. After three months’ 
probation with a native regiment their pay is at 
the rate of £540 a year. They then sign an 
agreement for two years, during which time they 
learn Arabic and the vernacular spoken by their 
command. The agreement on expiration may 
be extended by twaq years, later by three 

ears, and again by three bea up to 10 years, 

fy which time the rank of kaimakam (colonel) 
will have been reached with salaries of £720 a 
year. 

For men who can stand the strain of the climate, 
and who are willing to cut themselves off from 
home and friends, the Indian and Egyptian 

ies offer exceptional chances both in the 
good rate of pay and the opportunities of civil 
and staff appointments to which they lead. 


Army concluded ; followed by 
Navy 
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Design Drawings. General Drawings. 


Horizontal Engines. Machine Tool Frames. 
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TECHNICAL DRAWING 
continued from 
page 4005 


Frames for Vertical and 
Crane Frames 


By JOSEPH W. HORNER 


Design Drawings. We give in this 
lesson a series of drawings illustrating the art of 
machine design. Fig. 183 is a design drawing 
of a 1,200-horse power mill engine. It is a typical 
example of the class of drawing usually made 
to accompany a tender, for no attempt is made 
to show details or sectional views, the object 
aimed at being to produce an attractive-looking 
drawing made to scale, and from which the over- 
all dimensions may be taken. In actual practico 
such a drawing is set out by an experienced 
draughtsman ; but the student has much to gain 
by copying it and studying the proportions and 
positions of the various parts, for it is from such 
design drawings that the working, or detail, 
drawings are deduced. Foremost will be noticed 
the rope wheel, with its 30 grooves for the driving 
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The lever TD is for working the air-pump E. 
It receives motion from one of the piston-rod 
crossheada, and is pivoted on a bracket bolted to 
one of the back columns. The air-pump itsclf 
is bolted to the bedplate. and also to the column. 
The air-pump is connected with the low-pressure 
cylinder C by the pipe F, and its function is to 
maintain a vacuum for that cylinder to exhaust 
into. A note on air-pump levers will be found on 
page 828 in MrcnanicaL ENGINEERING. 

The outline of the cylinders themselves docs not 
appear, as they are surrounded with lagging 
strips. Lagging consists of wrapping the cylin- 
der with asbestos mattresses, or similar non- 
conducting material, in order to prevent loss 
of heat, the mattresses being kept in place by 
strips of wood and brass bands, or alternatively 
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POWER MILL ENGINE 7 , 


ropes [see page 3428 for section of groove], and 
the opening cut in the ground for the reception of 
the wheel. It is necessary to provide a bearing 
for the shaft on the outside of the wheel in order 
to avoid the tremendous load which would 
otherwise come on the shaft, due to the over- 
hang of the whee]. There are three cylinders, 
A, B, and C, supported upon front and back 
columns from the bedplate ; the front columns are 
circular, but the back ones are shaped to carry 
the crosshead guides, and are cast in hollow 
rectangular section. The upper ends of tho 
columns have flanges cast on to meet the feet 
of the cylinders. The lower ends are Beh 
out in order to clear the comnerere te eads, 
and have flanges to meet facings on the bedplate. 


by thin sheets of steel. The valve-chests are 
similarly lagged. Relief valves, G, H, I, are 
shown on the cylinder covers, and also upon the 
high pressure and intermediate valve-chest covers 
J and K. The relative positions of the cranks 
are seen in the end elevation, and are projected 
in the side elevation. A bearing is arranged 
upon each side of each crank, and a solid forged 
coupling, L, connects the crank-shaft to tho 
pulley-shaft. The working floor level is raised 
above the foundation line, so as to give cas 

access to the bearings and cranks. ‘Two plat- 
forms are built around the engine at suitable 
levels to facilitate attention to the working parts, 
the upper platform serving for the cylinder and 
valve covers, etc., while the lower platform is for 
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Cylinders | 


3 
4 
5 
6 
8 
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the glands and bottom covers. Ladders and 

handrails are provided as shown in drawing. 
General Drawings. Another class of 

drawing is shown in 184, which is very similar to 

the preceding example, but presents much more 

detail. It is a general arrangement drawing, made 

after the details have been worked out on separate 

sheets, and it serves as a guide for the complete 

assembly and erection of the machine. The 

foundation blocks are fully dimensioned in the 

side elevation, and the holding. 

down bolts are shown in 

position, The small plan 

view gives the relative 
osition of the blocks. 
he two sleepers, 

AA, connect the 

oufer foundation 


blocks to the 

centre one 

located on 
under | > 


the 





Detail Drawings. The drawings from 
which machines are actually manufactured are 
termed detail drawings, each part of the machine 
being fully delineated and dimensioned upon 
one or more sheets. Castings have a sheet to 
themselves, forgings have a separate sheet, plating 
another, and so forth, the object being to pro- 
vide each work’s department with drawings that 
concern the department alone. The principal 
detail drawing is the one which depicts the 
main framework of the machine. Framings are 
made of various metals and in various forms. 
Machine tools and engines are invariably built 
with cast-iron frames, although exceptions are to 
be found, the chief virtue in such frames being 
rigidity, a factor that cannot be calculated in 
anything like an exact manner. There is 
perhaps no other part that requires so much 
sound judgment and experience in order to pro- 
duce satisfactory results, The earlier designers 
of engine frames, etc., aspired to architectural 
outlines and ornamentations; but increasing 
steam pressures, greater outputs, and closer 
economy, have resulted in the adoption of 











184. GENERAL ARRANGEMENT OF 15-TON DERRICK ORANE 


crane-mast; such a foundation is substantial 
and, permanent, but very frequently, however, 
this type of crane has only temporary founda- 
tions, such as timber seatings and weights 
simply laid across the ends of the sleepers. The 
mast is furnished with top and bottom pivot 
pins, and the back stays support the top pivot. 
The crane gearing is seen in position at the 
lower end of the mast; there is a train of 
spur gear from the handle shaft B, connecting 
to the barrel C, which coils the hoisting-chain. 
A clutch, D, and gears, E, couple the hoisti 

barrel C to the barrel F, upon which is coil 

another chain, which varies the radius of the 
jib by altering the of the ties G, this 
movement being termed derricking, or luffing, 
the jib. The revolving, or hi gear is arranged 
behind the mast and consists of spur and bevel 
gost, connecting to the curb ring H, which is 

lted to the bedplate underneath the mast: 


scientific lines of construction. Smooth outlines, 
easy curves, and even disposition of metal are now 
aimed at. The same may be said of machine 
tools generally. Other frames, such as cranes 
and overhead travellers, are built of mild steel ; 
and, although experienée is necessary in order 
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Cylinders. | 

8 2 5 619 1 2 9 
10 4 63 283 15 211 
12 146 7026 18 1 
14 8 8 0 30110 13 
16 24 89 8420 15 
18 2%$:9038é62383 O'2N 


to design them, their proportions can be definitely 
calculated by estimating stresses, etc. 
Vertical Engine Frame. Two views 
taken from a detail drawing of a vertical 
engine frame are given in 185; the construction 
is similar to 188, but is for a smaller engine. The 
front supporting columns are of mild steel, and 
are cottared into a boss cast on the bedplate. 
The back column is shown in section, as well as 
in face elevation, the bearings for the air-pum 
lever and the bracket for the air-pump itself 
being shown in position. A table is given on 
page 4202 of the approximate leading dimen- 
sions of this class of engine frame, which will be 
useful to the student. There are many variations 
in the outlines and sections of such frames ; they 
are also made for single, doub'e, triple, and 
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from foundations, as well as being held by the 
ends of the guides. The main bearings are 
formed in the frame in a similar manner as they 
are formed in the bedplate of the previous 
example. It is usual to detail tho bearings 
separately. The piston-rod glands are arranged 
in the ends of the guides, but they are also 
frequently made part of the cylinder casting. 
Bosses are formed for the foundation bolts, and 
extend the full depth of the framework, wherever 
they occur ; the centre bosses are provided with 
ribs connecting them to the side walls. Bolt 
bosses are also made on the end of the frames 
for coupling up to the cylinders. The guides have 
facings top and bottom, bored out for the cross- 
head to bear against. We give a table of approxi- 
mate over-all dimensions for this class of frame 







185. FRAME FOR A VERTICAL ENGINE 


quadruple cylinders. When large engines are to 
be built, it is usual to replace the front columns 
by rectangular castings similar to the back ones, 
double slides being thus provided for the cross- 
head, but the chief reason for the modification 
is to provide better and more substantial supports 
for the heavy cylinders above. The engine shown 
[185] has provision for the governor G, and an 
extended i, with outer bearing for a belt 
drive ; the cylinder is 16 in. in diameter by 24 in. 
stroke. 

Horizontal Engine Frame. he 138 
illustrates a detatl drawing of a pair of frames 
for a horizontal compound engine. Each frame 
consists of a single member, rectangular in section 
and of cast iron; the sare are formed in the 
same casting, and are cylindrical, having openings 
oaet each side. The Paw es pee z = me 

igh pressure cylinder, and the right hand for 
the low prasiite, each cylinder being supported 


on page 4202, but it will be understood that many 
variations occur with different manufacturers. 
Steam Hammer Frame. A _ deail 
drawing of a frame for a steam hammer is given 
in 186. The views presented comprise a side 
elevation, a back elevation, a plan of the top, 
two sections, and separate details of bosses. 
The head of the frame is arranged to receive a 
square bolt, which is cottared in place ; the upper 
end of the bolt passes through the foot of the 
hammer cylinder, as well as the two outer bolte, 
and holds it down with a nut in the usual way ; 
there are two such frames, one on each side of the 
hammer block. The section of the frame is 
different to the preceding engine frames, it being 
what is termed H section instead of a hollow 
rectangle ; the inner flange throughout is heavier 
than the outer one, it being subjected to severe 
compressive shocks; three cross ribs are 
arranged to tie the flanges together, and to stiffen 
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186. FRAME FOR A 25-CWT. STEAM HAMMER 


the web plate The taper allowed on the flanges 
is considerable, and large radii are put in the 
corners. This is done in order to ensure a sound 
casting, free from initial stress due to contraction, 
and also to enable the pattern to be drawn easily 
from the mould, and so produce a smooth outline. 
The front of the frame at 
the bottom of the hammer 
guides is specially heavy, 
to prevent fracture at this 
point. The bosses are for 
the pivot pins of the work- 
ing levers. The base of the 
frame is provided with 
facing strips and bosses 
for the foundation bolts, 
and the holes are slotted 
80 as to permit adjustment 
endwise. ei rece of the 
upper part of the frame is 
s blainad by oeolon ing the 
line, as shown [186], until 
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Machine Tool 
Frames. Outlines of 
machine tool frames 
will be found on pages 
206 and 207 in Mrcua- 
NICAL ENGINEERING, 
and further examples 
are given under 
MacuinE Toots. We 
amplify these by 187, 
which is a drawing of 
a bar shearing machine, 
driven by an engine 
carried upon the frame- 
work. The frame is in 
halves, bolted at top 
and bottom, and is in 
hollow form, with an 
opening at the centre 
for the gearing ; bosses 
are cast on the upper 
part to carry the engine 
shaft, which is shown 
in position with the 
two fly-wheels. There 
are two spur-gear re- 
ductions from _ the 
engine shaft to the 
e-centric shaft, which 
operates the moving 
cutter. The metal is 
massed around the jaw 
which receives the cut- 
ters, the top and bottom 
of the jaw having enor- 
mous strength to with- 
stand the reaction of 
shearing without yield- 
ing. A bracket and 
facing are provided. for the steam cylinder, which 
is 8 in. diameter by 12-in. stroke. The machine 
will shear up to 2-in. square bars on either side. 

Mild Steel Frames. Mild steel frames 
aro not used for machine tools proper on 
account of their elasticity and consequent 
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187. FRAME FOR A ‘SHEARING MACHINE 





| Ch / 

Z 

er 1 ee 
| id 


V 
i = 
mer 7 i , —— —_——-— 


oe —_ 1 a 
PR si: 
. Ps 
* U7 Lal ; 
; Waa f° ‘ (A 
“4 ia NY y 
4. the 
p wi 
4 Ot A eg 2 
On t MEMIAVIE IAM GEE AME DLE LE LEO ED ALE AE AML AL CE Las a b Grae i 
Lal 
‘o _(ae= a 
in enna 
i as ree i : 


DRAWING 





d 
Cae 


Sie 
(4) i-j nf ar 
‘ Asi 1) iB 
Ae at 
‘ 


{ +» 


‘I 


eee ener | STA 


188. FRAME FOR A HORIZONTAL ENGINE 


lack of rigidity ; they do, however, enter into 
the construction of many appliances used by 
engineers, and in such appliances have a far 
greater value than cast-iron frames. Loco- 
motive frames, carriage frames, large crane 
frames, furnace charging machines, etc., are 
examples in which cast iron would be a failure. 
Fig. 189 illustrates the steel frame of an over- 
head traveller as used in most engineers’ shops. 
It consists of a pair of girders, A and B, secured 
to two cradles, C and D, which are mounted 
upon double-flanged wheels. These wheels are 
set to run upon rails which are built on the 
side walls or columns of the shop. The girders 
A and B are provided with rails which form 
the track for a trolley or crab, which is fitted 
with hoisting mechanism and necessary tackle. 
The machine is driven electrically, a separate 


motor being applied to each movement. The 
(1801 electric 


example [188] is for a high-speed 
traveller, and it is therefore specially braced 
to meet the stresses due to inertia in starting 


and stopping. The auxiliary girders E and F 
are stayed to the main girders A and B by 
bracing bars on the lower boom in such a way 
as to afford them lateral support; the upper 
booms have chequer plates connecting them 
instead of bracing bars, and these incidentally 
form a platform for the attendant, and are 
protected by handrailing as shown at G. The 
distance from centre to centre of the main rails 
H is termed the span, and the distance apart 
centre to centre of the wheels I is the wheel 
base and is usually one-fifth of the span. Tho 
depth of the main girders at the centre of the 
span is generally one-fifteenth of the span. 

The upper elevation shows the main girder 
with ita joints. The web plate is made in four 
lengths for convenience, while the boom plates and 
angles are made in two lengths; the central 
joint is shown in plan. The next elevation is of 
the outer girder with the handrniling on top, 
the form of the bracing being known as the 
Linville and being economical of material. 
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189. FRAME FOR A 35-TON BLECTRIC TRAVELLER 


The general plan view shows all the girders in 
position as well as the cradles and platform. The 
two bottom left-hand enlarged views are details 
of the cradles, while the mght-hand bottom 
view is an enlarged section cut through tho four 
girders at the centre. 

Calculations. The main sections of the 
various members of such frames as 184 and 139 
can be decided by calculations, In 184 the load 
on the jib and tie may be determined as described 
on page 415 of MecnanicaL ENGINEERING. 
The tie-rods and chains are tension members, and 
can have sufficient area allowed to permit a 
factor of safety of 8 to 1; the jib is a column 
and should have a factor of safety of 6 to 1. 
The load on the backstay is found by taking 
moments about I; the forward moment is 
made up of the load multiplied by the full 
radius plus the weight of the jib multiplied by 
half the radius; adding these two moments 
together and dividing by distance J, we get the 
load on the backstay (B1). The backstay may 
be either in compression or tension, according 
to the position of the jib in plan ; as it is weakest 
in compression it may be proportioned as a 
column with a factor of safety of 6 to 1. The 
load on the sleeper and the mast is easily ob- 
tained by » simple diagram. Mark off the load 
on the backstay as K L on a scale of tons, and 
draw a vertical line from K till it cuts a horizon- 


tal line from L, meeting at M, then K M scales 
the load on the mast and L M scales the load on 
the sleeper. Both mast and sleeper have alter- 
natively tensile and compressive loads in a 
similar manner to the backstay, and they are 
proportioned for compression; the mast has 
to sustain in addition the load due to the hoisting 
and dermcking chains, which also impose com- 
pressive loads. 
Traveller Frame. In 189 we have the 
simple case of loaded beams or girders fully dealt 
with on page 540 in MmucHaNiIcAL ENGINEERING 
and page 1984 in MATERIALS AND STRUCTURES. 
The load on the main girders is made up from 
the actual load lifted by the traveller plus 
the weight of the movable crab and half the 
weight of the girders thémselves. The cradles 
may be regarded as beams of a length equal 
to the wheel base, and loaded at the two 
points at which the main girders are built in ; 
each cradle has to sustain half the weight of the 
whole framework plus nearly the whole weight 
of the crab and load; the exact amount of this 
latter sum depends upon the nearness of the 
extreme position of the crab tothe cradle. The 
outer girders have to sustain their own weight 
and half the weight of the platform, etc. When 
long spans are involved. the main girders as 
well as the outer girders are often designed as 
rac 


Warren or Linville ed members. 
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Continued from page 4046 


Axioms. 
Corollaries 


By HERBERT J. ALLPORT, M.A. 


List of Abbreviations Used 


L angle | parallel 

A triangle 1 perpendicular 
LC parallelogram > is greater than 
() circle < is lers than 


©” circumference hyp. hypothesis 


.. therefore 

Definitions. 1. A limited portion of space 
is called a solid. A solid has three dimensions— 
viz., length, breadth and thickness. 

The amount of space occupied by a solid is 
called its volume. 

2. The surface of a body separates it from the 
surrounding space. A surface has no thickness. 
It is therefore of two dimensions, length and 
breadth. 

3. The intersections of surfaces are called 
lines. Since surfaces have no thickness, it is evi- 
dent that their intersections can have neither 
breadth nor thickness, Hence a line has only 
one dimension, length. 

4, The extremitics of a line are points. Also, 
the intersections of lines are points. Points have 
neither length, breadth nor thickness. Thus, 
points have no dimensions. 

It follows, then, that we can only represent 
a pomt. If we make a dot with a pencil, the 
dot will have some length and breadth, however 
sharp the pencil may be. In the same way, we 
cannot draw a geometrical line, but if we move 
the pencil point over the paper, the mark left will 
represent a line. 

5. Lines may be straight or curved. 

A straight line is traced by a point which 
moves 80 as to keep always the same direction. 

A curved line is traced by a point whose 
direction of motion continually changes. 

From the definition of a straight line we have 
the following Axtoms, or self-evident truths : 

(i.) The shortest distance between two points 
48 the straight line which joins them. 
(ii.) Two straight lines cannot enclose a space. 

6. Surfaces may be plane or curved. 

A plane surface, or, as it is generally called, a 
plane, is a flat surface. The flatness is tested by 
taking any two points in the surface and joining 
them by a straight line. If the surface is flat, 
the straight line will lie on the surface. Notice 
that we must be able to take any two points ; 
it must not be possible to find two points on the 
surface such that the straight line becween them 
does not lie on the surface. 

7. When two straight lines meet at a point 
they are said to form an angle. The point is called 
the vertex of the angle, and the straight lines are 
called the arms. 

The magnitude of an angle may be measured 


thus. Suppose a straight line rotates, in a plano, 
about the point O. Lot 8 
it start from the position 
OA and rotate into the 
position OB. Then, tho 
amount of turning which 
the linc does in moving a 
from the position OA to the position OB 
measures the angle. The angle is called the angle 
AOB, the lctter at tho vertex boing placed 
between the letters at the other end of tho 
arms. Notice that the size of the anglo does not 
depend on the lengths of the arms; the size of 
Cc the angle AOB remains 
a the same when OA and 
OB aro lengthened. 
Two angles which lic 
one on each side of a 
4 common arm are called 
Oo adjacent angles. Thus, 
tho angles AOB and BOC, which lie on either 
side of the arm OB, arc adjacent angles. 
When two 
straight l'nes A 
cross one another, 
ae as AB and 
in the figure, 
the angles AOD @ 0 a 
and BOC aro 
called vertically 
opposite angles. 
So, also, AOC and BOD are vertically opposite 
angles. 
8. If one straight line stands on another 
straight line and makes 
4 the adjacent angles equal, 
each of the angles is called 
a right angle. Each line is 
said to be a perpendicular 
to the other. Thus, if OC 
A Oo stands on AB and makes 
the angle AOC equal to the 
angle BOC, each of these angles is a right angle. 
t is clear that, if a straight line revolves about 
the point O, starting from the position OA and 
finishing in the position OB, it must pass through 
® position in which it is at right angles to AB. 
Hence, we have the axiom 
Through a point in a straight line one, and only 
one, perpendicular can be drawn to the straight line. 
At this stage we do not know how to find the 
exact position of the perpendicular ; we can on! 
estimate it roughly. But in the meantime, if it 
is required in the course of any other investiga- 
tion, we are quite justified im saying, “ Le 
OC be the straight line which is dicular 
to AB,” since we know that there és a line which 
is perpendicular. 
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oe pace pena from the definition is 
All right angles are : 

Nots. A right angle is divided into 90 equal 
parts called degrees ; a degree into 60 equal parts 
called minutes; a minute into 60 equal parte 
called seconds. 

9. An ape less than a right angle is callod 
an acute angie. 

An angle greater than a right angle but less 
than two right angles is called an obtuse angle. 

Two angles whose sum is one right angle are 
called complementary angles, and each is the 
complement of the other. Two angles whose sum 
is two right angles are called supplementary angles, 
and each is the supplement of the other. 

10. A plane figure is any portion of a planc 
surface bounded by one or more lines. 

11. A circle is a plane figure contained by a 
line traced out by a point 
which moves so that its dis- 
tance from a given fixed point 
1s always the same. 

For example, if P moves so 
that its distance from O is 
always the same, then the line 
traced by P encloses a circle. 

Tho line itself is called the circumference of 
the circle. 

The fixed point is called the centre of tho circle. 

A straight line drawn from the centre to the 
circumference is called a radius. Hence, all 
radii of the same circle are equal. 

A straight line drawn through the centre and 
terminated both ways by the circumference is 
called a diameter. 

An arc of a circle is any portion of the cir- 
cumference. 

A semscircle is the figure bounded by a 
diameter and the portion of the circumference 
which it cuts off. 

12. To bisect a thing is to divide it into two 
equal parts. It is clear that 

(i.) Every terminated line has a point of 

bisection. For, if a point be supposed 
to move from one end of the line to 
the other, it must at some instant be 
exactly half-way. 

(ii.) Every angle has a line of bisection. For, 
in the angle AOB, if a straight line 
start from the position OA and revolve 
about O into the position OB, it must 

ass through a position in which it 
ivides AOB into two equal parts. 

The Postulates. It is taken for granted 
that the three problems stated in the following 

ee or demands, are possible with the 
elp of a straight ruler and a pair of compasses. 

1. A straight line may be drawn from any 
one point to any other potnt. 

2. A terminated straight line may be produced, 
t.e., made longer. 

3. A circle may be described with any centre 
and any radius. This enables us to transfer 
distances from one part of a diagram to another ; 
so that, from the greater of two straight lines 
we can, with the aid of compasses, cut off a 
part equal to the less. 


Problems and Theorems. The pro- 
sea pe discussed in geometry are of two kinds, 

oblems and Theorems. 

A problem requires something to be con- 
structed, such as the drawing of a line which 
will bisect a given angle. 

A theorem requires the proof of the truth of 
some geometrical statement. 

The general statement of what the proposition 
requires us to do is called the Enunciation. 

The particular enunctation is the same state- 
ment referred to a diagram. 

In the enunciation the Hypothesis is that 
which is assumed to be true; the Concluston 
is that which has to be proved. 

If we have two propositions in which the 
hypothesis and sonstusien of the one form tho 
conclusion and hypothesis respectively of the 
other, the one proposition is called the Converse 
of the other. 

For example. “If two sides of a triangle are 
equal, the angles opposite to them are equal.” 
The hypothesis here assumes that two sides of a 
triangle are equal; the conclusion is that the 
angles opposite to thom are equal. Hence, the 
converse of the proposition is “If two angles 
of a triangle are equal, the sides opposite to 
them are equal.” 

A Corollary to a proposition is a statement 
whose truth follows readily from the result 
established in the proposition and generally 
requires no further proof. 


Proposition 1. Theorem 


If two straight lines cut one another, the sum 
of the angles on p 
the same side of “4 
etther line te 
equal to two right 


angles. O 

Let AB andC 
CD be two 
straight lines 
which intersect 
at O. 

It is required to prove that 

4 DOA+ 2 COA = 2right zs. 

Proof. If 2 DOA=zCOA then each is a 
right angle (Def. 8); so that their sum is two 
right angles. But, if 2 DOA is not equal to 
2 COA, let OP be the straight line through O 
which is | toCD. Then 

4 DOA+ «2 COA = the3 28 DOA, AOP, POC 


and 
8 4 DOP + 2 COP 
= the same 3 is. 
0, “£4 DOA+ 2 COA 
A= .DOP+ COP 
= QZ right Zs. 
In the same way 
a it can be shown that 
é any other pair of 
angles on the same side of either of the lines 
AB, CD, are ae to two right angles. 
C f any number of araight lines 
meet at a point, the sum of the consecutive angles 
ts equal to four right angles. 
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Conveyance of Milk from Farm to Table. Cooling and Aerating 29 
Milk, Flavour and Aroma. How to Make Butter. Setting Milk 


DAIRY FARMING 





continued from page 40388 


By Professor JAMES LONG 


THE SALE OF MILK 

From Farmer to Retailer. The bulk 
of the milk supplied to our large population 
is produced by farmers who contract to supply 
wholesdle nd retail buyers under conditions 
which are rearranged every half year. There 
are, however, in or near all towns cowkeepers 
who retail the milk they produce. The usual 
prices paid to the farmer are from 13d to 17d. 
per barn gallon from March to October, and 
from Is. 6d. to 1s. 9d. from October to March; a 
barn gallon consists cf 17 pints, or two imperial 
gallons and a pint, which, originally thrown in 
to make up for waste or Joss in vending, is now 
vdhered to by the trade, although this particular 
measure, the “ barn,” is not a legal one 
The farmer is required to deliver his milk 
twice daily, well cooled, aerated, and 
sweet, containing at least 3 per cent. of 
fat —the Government standard — or 
slightly more in some cases, where firms 
require high quality. The milk is sent 
by rail, carriage paid, in metal railway 
churns, which usually hold 17 gals. 
imperial. In some pie of England, 
especially in the North, however, smaller 
churns or cans are employed for the 
purpose. The cost of the transit varies 
with the distance from 4d. to 14d. per 
imperia) gallon, while the prices realised 
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COOLER , ; 
(showing the new farmers practise during cold weather in 


ZONTAL 


be observed that when the milk is coldest it leaves 
the refrigerator at its coldest point, and thus with 
sufficiently cold water it may be reduced from a 
temperature o1 90° F. to 50° F. in loss than a 
minute. There is, however, a lonticular cooler 
[£1 & 22). in which the principle adopted is similar, 
although ice may be packed within the interior 
in those made for this particular purpose. In 
both cases the milk passes over the cooler in the 
form of a thin film, and is therefore well exposed 
to the air, and its temperature more easily re- 
duced. If cool milk be retailed in vessels which 
are covered with a white cloth, it should keep 
sweet during the hottest weather ; but on many 
farms it is impossible to obtain water of suffi- 
ciently low temperature, with the result 
that whole churns of milk occasionally 
arrive at their destination in an imper- 
foct condition, being for this reason 
generally returned by the purchaser. 
Such milk, however, is not valueless; it 
may still be churned for the production 
of butter, although the pecuniary result 
will not be so satisfactory. 
Precautions againet Contami- 
mation. Milk vendors and dealers in 
general naturally object to the mixing 
of the milk of two milkings—the morn- 
ing’s with the evening’s—which many 


are higher in the South than in the Mid- '0tery self-cicauing order to avoid two journeys to the rail- 


; traine: above A 
lands. Tho churns are gauged, and in sented by the Dalry way station; 
Supply Co ) 
This 
principle is wrong, for the most accurate method 


course of time the constant bruising 
interferes slightly with the measurement. 


of buying or selling 
milk is by weight, 
although this is difficult 
m practice. 

eeping Milk 
Cool. The cooling of 
milk is imperative, for 
unless reduced to a 
temperature of about 
50° F. in hot weather it 
will scarcely keep half a 
day, or sufficiently long men 
to arrive sweet upon the 01 
breakfast or tea table. 
The system of cooling 
adopted also provides 
for the aeration of the milk. There are two forms 
of oocler—one, which is horizontal [20], consist- 
ing of a number of tubes which cold water enters 
at the bottom and passes out at the top, while 
the milk runs from a receptacle above over the 
outaide of the tubes, and passes into the churn 
aa it leaves the bottom of the cooler. It will thus 


ly 27 G 








_ hevertheless, there aro 
many cases in which this practice is 
permitted. Stillstronger 
objections are made 
against the milking of 
cows by persons who 
are suffering from any 
disease or who are mem- 
bers of a household in 
which any infectious or 
contsgious disease exists. 
For this reason some 
farmers retain the ser- 
vices hoth of a veteri- 
nary surgeon and medical 
officer, who from time to 
time visit the farms,- 
inspect the cattle, and 
interview the farmer 
himself. Some of tho 
larger firms of milk vendors refuse to allow 
members of their staff to enter their premises, 
or to retail. milk under similar conditions, their 
practice being to pay them their wages until a 
clean bill of health can be shown. e reader 
is referred to the article on the Trade of the 
Dairyman, on page 2215, in which the question 
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LISTER'S LENTICULAR COOLER 
In 22 the covler is packed with icc 
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of milk contracts and cognate subjects are more 
fully treated. 

It is obvious that where milk is delivered, as 
it is by almost every firm in the country, twice 
daily, the labour involved is considerable, and 
it is chiefly for this reason that there is so large 
a difference between the price paid to the farmer 
and that obtained from the consumer, 4d. a 
quart being the average figure demanded in this 
country. 

Bad Milk. From the retail dealer’s point 
of view it is important that milk should be 
produced by cows which are not fed upon im- 
proper foods, such as strong-selling ensilage, 
half-rotted brewers’ grain, turnips, and swedes, 
which, given in large quantities, convey an ill 
flavour to the milk, and certain other foods 
known as distillers’ sludge, or even large rations 
of cabbage. There is, however, a good deal of 
imperfect, and even impure milk retailed in large 
cities at 3d. a quart; but whatever may be 
the desire of the consumer for cheap food this 
milk should be strictly avoided, for it is impos- 
sible, whatever it may have been like as it left 
the farm, that it could have been 
handled properly by the retailer. 

During very hot and dry 
weather, milk frequently reaches 
famine price, and retailers are 
sometimes compelled to pay as 
much as Is. 4d. per imperial 
gallon in order to satisfy their cus- 
tomers. Milk sold to hospitals and 
other charitable institutions is 
naturally sold at lower prices than 
where it is retailed in large quanti- 
ties to the public. The wholesale 
vendor is required to take very “HR 
little more trouble in the con- 23. MILK oR 
veyance of 50 or 100 gallons per cREAM CAN 
day than: in delivering a few 
quarts to a number of different houses, but this 
contract milk is frequently poor in quality, and 
sometimes impure, although of all places the 
hospital and the children’s home are those where 
the quality demanded should be of the highest. 


MilK Delivery. If milk be pasteurised 
—and the remark equally applies to creem— 
and suddenly cooled, it will keep longer than 
when it is simply cooled. In all cases, however, 
it is the wisest and most business-like plan to 
deliver milk immediately after it has arrived 
from the station—servants and customers 
being advised wherever possible to take care 
that the vessels in which they reccive it are 
perfectly clean and that it is always kept in the 
coolest dry apartment in the home. In Paris 
end many foreign cities milk is delivered daily 
in bottles which are sealed, and in this way its 
quality is secured ; this plan has been already 
adopted in this country, and will probably 
extend far and wide. Similarly, milk which has 
been sterilised, in hermetically-sealed bottles, is 
delivered, but only once per week or fortnight, 
sterilisation ensuring its keeping properties 
during any reasonable period, and in this 
way # great deal of labour is saved on the part 
of the retailer. Milk, however, should never 
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be placed in bottles which have not been cleaned ; 
nothing but actual scalding either with steam 
or boiling water is efficacious. 

In many cases retailing firms send out their 
milk in locked metel churns, the men in charge 
drawing it from the tap as his customers require 
it ; but, making every allowance for the shaking 
which the milf undergoes, the quality at the 
bottom of the churn is always lower than that 
at the top, owing to the fact that the cream 
ascends ; the ascent of cream, however, is very 
slow and slight in milk which is cold. In spite 
of all precautions, milk carriers occasionally 
menage to introduce water into the milk they 
deliver; for this reason inspectors are some- 
times employed by large firms to look after 
them. Such firms take samples of the milk 
they send out by their servants and are, there- 
fore, able to check them in case a sample was 
watered before it reaches a customer. 


BUTTERMAKING. 


Butter made directly from milk, or from cream 
removed from milk, contains about 86 per cent. 
of fat, 124 per cent. of water, and 14 per cent. 
of casein, sugar and salt. The more heavily 
salted the butter, however, the larger the last 
percentage. The finest butter may contain 
Jess than 12 per cent. of water, while in 
imperfect samples the water present may reach 
20 per cent. or even more. In commerce a 
material is frequently sold which is known as 
‘** milk-blended butter ;’’ this sometimes con- 
tains as much as 30 per cent. of water which has 
been worked into it through the medium of 
milk. Imported butter is usually employed. 

The Best Butter. The finest butter 
is the produce of Channel Islands’ cattle— 
Guernseys and Jerseys—or of herds of which 
these animals chiefly form part; they add 
both richness of flavour and colour. Fine 
butter should be tough, dry, a rich primrose 
in colour, with a fine, mild, sweet, nutty flavour 
and a delicate aroma. If a roll be taken in 
the hands and gently bent it should break 
gradually and exhibit a grain resembling that 
of a piece of broken cast steel. If the grain 
exhibit numbers of drops of water the fact ts in- 
dicated that it usually contains too much water— 
although butter may look dry and still contain 
a high eghteaa aad of moisture, for, as shown 
by Storch, the Danish chemist, a cubic millimetre 
of butter which has been well worked may 
contain from 3,000,000: to 4,000,000 globules 
of water. Heavily-watered butter is soft or 
brittle, while pickled butter, common to Ireland, 
perhaps the most inferior product in the British 
Islands, is not only heavily salted but heavily 
watered—the result of the process adopted. 

Although butter is washed while in grain in 
the churn, washing should not be overdone, for 
while it removes the impurities such as curd and 
sugar, which, if allowed to remain, cause rapid 
deterioration in quality, flavour and aroma, it is 
possible to reduce both flavour and colour. 

Colour and Fiavour. The colour of 
butter is chiefly due to the breed of cattle 
employed, but partly to the food supplied, to 


sunlight—hence, the paleness of the butter pro- 
du in winter—and to excessive washing. 
The flavour of butter also depends in a large 
measure upon the breed of cows, upon the food 
supplied to them, and to the condition of the 
cream at the time that it is churned. The 
finest mild butter is the product of sweet 
cream, and this realises the eh ee prices 
in the French market, where we have known 
it to reach 2s. 8d. a pound. The fullest 
flavour is obtained when ripened or soured 
cream is employed, but flavour should not be 
masked by the Si oe ba of too much salt. 
In the production of a fine mild sample less than 
& quarter of an ounce to the pound should be 
used. Storch believes that the flavour of butter 
is largoly derived from the solid materials in the 
serum of milk and not from the fat; but thore 
is reason to suppose that it is, in part at least, 
owing to the presence of the volatile fatty acids. 
Food, however, necessarily affects flavour ; 
hence the change which occurs when turnips, 
Swedes, sour grains and strong smelling herbs 
are consumed. All difficulties on this score, 
however, are obviated where cows feed upon 
fine pastures in summer or are supplied with the 
best sweet hay, bran, crushed oats, parsnips, 
and carrots in winter. Tho fine flavour of 
butter is not developed until 24 to 48 hours 
after its manufacture; hence, the mistake 
often made of judging butter fresh from the 
churn. At tho National Dairy Show, whero 
Plizes are sometimes awarded for the best 
samples on the Jast day of the Exhibition, while 
some prize samples are found to have lost 
both flavour and aroma, others become more 
perfect. 

The Aroma. The aroma of butter is duc 
‘co similar causes to those which affect the 
flavour. When exposed to air and light the 
eroma, like the flavour of the outside, changes 
rapidly, the more so where it is placed in contsuet 
with any strong smelling material. The aroma 
of the interior of a sample is #s indicative of 
quality and even of age as the flavour, but 
both are affected by heat, which induces decom- 
position and the development of rancidity. 
According to Duclaux, than whom no ono was 
more competent to speak, the aroma of butter 
possibly proceeds from the resuli of fermenta- 
tion in the cream ; perhaps, indeed, to ethers, 
the products of caproic or butyric acid, which 
ere found in all samples of butter in a free 
state. 

Amount of Butter to be Made from 
Milk. The quantity of butter obtainable from 
@ given quantity of milk mey be éstimated with 
much accuracy if the quality of the milk he 
known. Thus, if we take a sample of milk con- 
taining 4 per cent. of fat, which represents milk 
of high quality, and suppose that a sample of 
butter contains 14 per cent. of water, we shall 
find that the milk should prodrce 4:4 Ib., 
aesuming that the separator be employed for the 
extraction of the cream. The procoss of skim- 
ming would be followed by & loss of “15 per cent. 
of fat, and the ess of churning by 05 
cent., or °20 per cent. in all, leaving 3°8 per cent. 
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of fat with which to deal. If we add to this 
the water, apart from impurities which ought 
not to be present—and this we can do by 
dividing 3°8 by ‘86—we get 4°41 lb. of butter 
to the 100 lb. of milk; that is if the work be 
performed skilfully throughout. 

How Butter is Made. The systems 
under which butter is now made are as follows : 

1, From soured or ripened milk churned at 
66° F. This practice, still existing in both 
Scotland and Ireland, especially where butter- 
milk is readily saleable, is usually followed b 
the production of a large yield of butter of fair 
quality. 

2. From cream skimmed from milk set in 
shallow vessels or pans. 

3. From scalded cream. In this case the milk 
is set in similar but slightly deeper vessels. 
This practice is common in the three western 
counties—Somerset, Devon, and Cornwall—the 
scalded milk, as it is termed, being easily saleable. 

4. From croam skimmed by the mochanical 
separator. 

In every case in which butter is made from 
cream it may be the product of sweet cream 
or matured cream, the latter 
being sometimes described as 
ripened or soured, either 
naturally or artificially. The 
employment of soured cream 
necessitates either accurato 
bkill and judgment on tho 
part of the maker, who must 
determine how far acidity 
should go by experience and 
taxte, or the aid of a chemical 
test by which the quantity 
of acid present is indicated. 
This quantity may vary in 
accordance with the charac- 
ter of the butter produced 
or with the milk employed. 
Sweet cream produces a 
smaller quantity of butter 
than ripened cream, with the 
result that the buttermilk contains more fat. 
The butter, however, is milder and sometimes 
realises a higher price. Most of the butter in 
the British market is the product of ripened 
cream, whether it be home produced or imported 
from foreign countries or our Colonies. Tho 
flavour of such butter is fuller, and it i» gencrally 
believed to keep longer. 

A Model Dairy. In a well-managed dairy, 
the head of which is highly skilled, the butter 
produced is practically always the same in char 
racter. The dairy and all its utensils and plam 
should be thoroughly cleansed with boiling water 
throughout. If the milk, the produce of cows 
properly fed, be then drawn into clean vessels 
by clean hands, and the cream removed in 
perfect condition, the result should be satis- 
factory; but satisfaction may be practicall 
ensured by the addition to the cream of a small 
quantity of fresh buttermilk obtained from an 
adjacent dairy where butter of the finest qualit 
is produced. In this way it is inoculated wit 
friendly bacteria. Thus in most factories and 
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creameries where milk or cream are obtained 
from large numbers of farmers, tho cream is 
asteurised with the object of destroying all 
bacteria, and subsequently inoculated with what 
is termed a “ pure culture ’’ of bacteria, which are 
responsible for the production of fine flavour. 

Pans versus Separators. In the past, 
and especially before the introduction of the 
separator, the system of cold setting of milk was 
common, especially in the three Scandinavian 
countries, and in parts of Germany and America. 
The two systems employed were known as the 
Swartz and the Cooley syatems. The warm milk 
was plunged in deep pans in very cold or iced 
water, with the result that the cream was thin and 
large in volume, while, being but little in contact 
with the air, it was not sufficiently oxidised. The 
system of shallow setting in pans already referred 
to possesses the distinct advantage that the 
cream is practically all brought into contact with 
the air, with the result that oxidation is perfect, 
and the flavour much finer. Cream is also raised 
in jacketed shallow pans of rectangular form. 
The jackets are filled as occasion demands with 
either hot or cold water, and when the cream 
has risen the skimmed milk is withdrayn from 
beneath it. All systems of the past are, how- 
ever, giving way before the separator, and yet 
no finer butter or cream can be produced than by 
the simple method of shallow setting. 

Points for Buttermakers, There are 
certain principles involved in butter production 
which may be formulated as follows : 

(1) Cream is extracted from milk by the sepa- 
rator by centrifugal force. The effect of this force 
is to throw the heavier portions of the milk to 
the wall or periphery of the cylinder or drum, 
and thus to keep the lighter fat globules in the 
centre. 

(2) Cream is extracted by shallow setting for 
the reason that, as already mentioned, being 
lighter than the serum, it rises to the surface. 

(3) Cream rises best in a falling temperature, 
the larger globules rising first. As the temperature 
falls, the fat, being a non-conductor, does not 
feel the change to the came extent as the serum, 
with the result that the difference in the densit 
of the two materials is widened, and it rises all 
the quicker in consequence. 

(4) If milk be cooled before setting, the cream 
rises imperfectly. 

(5) Cream should be aerated that it may part 
with any objectionable odour or flavour, and be 
the better oxidised. The higher the temperature 
at which milk is set after coming from the cow at, 
say, 95° F., and the lower the temperature of the 
apartment in which it stands for the cream to 
rise, placing 40° F. as a minimum, the better 
the cream rises. 

(6) If milk be re-heated before setting for 
cream there is a loss involved, 

For the purposes of raising cream on the 
shallow system, the vessels employed are usually 
of metal, glass, porcelain, or earthenware. They 
are round, and vary from 18 in. to 24 in. in dia- 
meter. Where the cream is scalded, however, 
they are slightly deeper than under other con- 
ditions, and furnished with -handles on either 
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side to facilitate manipulation to and from the 
stove. In no case should the dairy in which cream 
is set in these vessels be higher than 60° F., or 
the cream rises less perfectly, while acidity is 
induced by the heat before the fat globules have 
had time to reach the surface. Where the system 
of scalding is practised, a pan of milk having 
been set in the dairy for twelve hours, or longer, 
if in the judgment of the dairymaid, the cream 
has not all risen, it is placed upon the stove— 
preferably into a vessel of water that it may not 
burn—until the cream be covered with a film, 
and has reached a temperature of 175° F. If 
by accident the milk be allowed to boil, a small 
quantity of cold water should be immediately 
added, but this will not altogether remedy the 
mistake. This heating process is practically 
pasteurisation, with the result that bacteria are 
killed, and both cream and butter keep sweet 
longer. 

The Separator. The important modern 
machine known as the cream separator is now 
made in many forms [24], but in all cases the 
same principle is adopted. The milk passes into 
a receptacle, usually a bowl or oylinder, the 
heavier solids it contains being repelled from the 
centre, around which the lighter portions—the 
fat globules which form the chief portion of the 
cream—gather. As the inflow continues, the 
pressure it exerts is followed by a corresponding 
outflow, the cream finding its way through one 
orifice and the separated milk through another, 
both being conveniently placed for the purpose. 
All the best machines are now provided with 
discs of different forms, which divide the milk 
into layers, and thus facilitate its separation, 
with the result that much larger quantities are 
handled than was possible formerly. The 
thickness of the cream is regulated not only 
by the size of the orifice, but by heat, the 
temperature of the milk being now controlled 
to a great nicety in all large butter-making 
establishments, with the result that much better 
work is performed ; but the separation of the 
cream from the milk is only perfect—which means 
that not more than ‘15 per cent. of the fat is left 
behind—when the conditions are perfect. Tho 
speed—that is, the number of revolutions—muat 
be correct, while the temperature of the milk and 
its inflow must be carefully regulated. What- 
ever instructions may be provided by the makers 
of a separator, the skilful operator will ascertain 
for himself how many revolutions per minute, 
what temperature, and What inflow will enable 
him to obtain the best results. The separated 
milk, as it leaves the machine, is sometimes 
cooled rapidly that it may be kept for sale or 
for return to the farms; or, if not heated to a 
high temperature before separation, it may be 
first pasteurised and subsequently cooled, plant 
being now obtainable for that Purpose. Sour 
or imperfect milk cannot be soparated with good 
results. The scum adhering to the sides of the 
separetor should be removed by thorough cleans- 
ing after each day’s operation. Since the first 
public trials in Denmark and Hamburg, in 1883, 
and subsequently in Paris, separation by oen- 
trifugal machines has been improving until the 


work of to-day is as nearly perfect as possible ; yet 
we look forward with confidence to something 
still greater—the production of the butter direct 
from the cow. This will involve the invention 
of’ a more perfect milking machine from which 
the uncontaminated milk will pass into the 
separator, and from the separator into an 
instantaneous buttermaker—a machine which, 
if still imperfect, has already been invented. 
Strainers. All cream should be strained 
before churning. Many forms of strainer have 
been invented, but none are really perfect, with 
the result that cloths are stil] employed. A hair 
strainer, however, may be used for straining the 
butter, the buttermilk, and the water or brine 
as each leaves the churn. For butter production 
in a private dairy, the cream, as it is pkimmcd. 
should be mixed and stirred after each skimming, 
a glazed earthenware vessel being kept for the 
purpose ; but churning should never begin until 
Beale hours have elapsed since the last cream 
was added; nor, if the best product is to be 
obtained, should any cream be more than twenty- 
four hours old if it has been kept, as it should be, in 
a dry apartment at 60°F. At this temperature, 
cream skimmed from w shallow vessel while 
perfectly sweet should be quite mature or ripe 
in 24 hours. Where cream is churned under 
these conditions it produces butter of finer 
tlavour, chiefly owing to its more perfect oxida- 
tion, than anything which is produced in the 
creamery or factory—or, indeed, wherever the 
practice of inoculation be carried out. If cream, 
when ready for churning, be too small in volume 
for the churn employed, that volume may be 
increased by the addition of a portion ef the 
skimmed milk from which subsequent cream has 
been removed, conditionally upon its being clean 
and pure; but this method is not applicable to 
the factory. Ripe or mature cream is thick, 
owing to the production of lactic acid, and the 
resulting coagulation of the casein. Such cream 
produces from 15 per cent. to 25 per cent. more 
butter than perfectly sweet cream which has 
been raised, for example, in twelve hours at a tem- 
perature of 60° F. If sweet cream be mixed with 
ripo cream, there is a corresponding loss; in 
other words, tho loss will be in proportion to the 
quantity of sweet cream employed. In no case 
should cream—or, indeed, milk —be set in 
a badly-ventilated, dark, or damp apartment ; 
it is practically certain to be spoiled in flavour 
and to produce ill-flavoured butter, owing to 
the fact that it is attacked by organisms which 
are peculiar to such apartments, but which are 
seldom if ever found in sunlight. 
Regulating the Temperature. When 
cream is ready for churning it should be brought 
to the required temperature, otherwise there 
may be loss both of quantity and quality; in 
summer, 56° F. to 56° F. will be found the 
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most convenient, while in winter the tempera- 
ture may be raised to 64° F. It depends, how- 
ever, upon the temperature of the apartment in 
which the work takes place. In winter the 
churn should be scalded, and thus prepared, 
so that after the cream has been placed within 
it its temperature may not fall. Similarly, in 
summer, the churn may be cooled after scalding, 
to prevent a rise in the temperature of the cream. 
The object should be to obtain small, well-formed,, 
crisp granules of butter which are easily washed 
and brined. If the granules be too largo or too 
soft, washing is necessarily imperfect—the large 
granules enclosing buttormilk, which cannot be 
removed, while those which are soft resist the 
action of water. In a private dairy, where churn- 
ing is not practised at least every othor day, it is 
difficult to obtain butter of the finest quality ; 
therefore, whatever care be exercised in feeding 
the cattle, in milking cows, in setting and skim- 
ming the cream, we must look for imperfect 
results if that cream be kept too long. It is 
indispensable that a tested thermometer should 
be used in overy operation; it will indicato 
the suitability or not of the temperature 
of the dairy, of the cream, and of the wator 
employed in washing the butter. It is still moro 
necessary where milk or cream is pasteurised. 

Avoidance of Sudden Changes. In 
order to obtain the required temperature 
of the cream bofore churning, usually it is 
necessary to heat it in winter or to cool it in 
summer ; either procoss must be gradual, sudden 
heating or cooling. or heating or cooling too 
many degrees at one time, being fatal to success, 
and here the ingenuity of the maker will be 
tested. Neither hot nor very cold water, nor ice, 
should be added to cream on any consideration; 
nor should it be heated or cooled more than 
three or four degrees at one time, and this only 
by the addition of pure water, or by standing the 
cream verse! in hot or cold water, and keeping 
it gently stirred. In factory and creamery work 
the temperature is regulated by heating tho 
apartment in which the cream is placed, and by 
arrangements so carefully mado that it is 
churned immediately it is fit for the purpose. 
In buttermaking the operator should on all 
occasions note the aroma and flavour of cream 
before churning, and compare the subsequent 
aroma and flavour of the buttcr produced from 
it. In this way he will be able to indicate with 
great accuracy precisely when cream is ready to 
churn. If cream has been pasteurised on milk 
in an open vessel, or clotted, as in the Western 
Counties, it may be churned at a temperature of 
58° F., although it is quite a common practice 
among many makers to stir clotted cream into 
butter, and subsequently to work the butter 
with the naked hand—hboth of which methods 
are carefully to be avoided. 


Continued 
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I TA L I A N ber from 


IRREGULAR VERBS 


Second Conjugation 
VERBS IN ere (long) 


Sapére, to know (I know something) 

Ind. Pres.—So, sat, sa, sappiamo, sapete, 
sanno. 

Imper}.—Sapevo, sapert, eto. 

Past Defin.—Seppt, sapesti, seppe, sapemmo, 
sapeste, séppero. 

Future—Sapro, saprat, sapra, sapremo, saprete, 
sapranno. 

Imperat.—Sappt, aippia, ete. 

Pres. Subj. —Sappia, sappia, sa ppia, sappramo, 
sappiate, sdppiano. 

Imp. Subj.—Sapesst, sa pessi, ete. 

Conditional—Sapret,: sapresti, saprebbe, ete. 

Past Part.—Saputo. 


Dovere, to owe, to be obliged 

Pres. Ind.—Devo (debbu), devi, deve, dobbiamo, 
dovete, dévono ((débbonv), I must, ete. 

Imperf.—Dovevo, dovert, ete. 

Past Def.—Dovet and dovetti, dovesti, dovette 
(dove), dovemmo, doveste, dovéttero (dovérono). 

Future—Dovro, dovrat, dovra, etc. 

Pres. Subj.—Debba, debba, debba, dobbiamo, 
dobbiate, débbano. 

Imp. Subj.—Dovesst, dovessi, etc. 

Conditional—Dovret, dovresti, etc. 

Past Part.—Dovuto, 


Volere, to be willing 

Ind. Prea.—Voglio (vo’), vuoi, vuol(e), vogliama, 
volete, vdgltono. 

Imperf.—Volevo, volert, voleva, ete. 

Past Def.—Vollt, volestt,  volle, 
voleste, vollero. 

Future—Vorro, vorrat, vorra, vorremo, etc. 

Pres. Subj.—Voglta, voglia, voglia, vogliamo, 
vogltate, vogliano. 

Imp. Subj.—Volesst, volessi, etc. 

Conditional—Vorret, vorrestt, vorrebbe, ete. 

Past Part.—Voluto. 


Vedere, to see 
Pres. Ind.—Vedo (let. veggu), 
vediamo, vedete, védono. 
Imp,— Vedevo, vedevt, etc. 
Past Def.—Vidt,  vedest, 
vedeste, videro. 
Future—Vedro, vedrat, vedra, etc. 
Imperat.—Vedt (ve’), veda, eta. 
Pres. Subj.—Veda (vegga), 
vediate, védano. 
Imp. Subj.—Vedesst, vedesst, ete. 
Conditional—Vedret, vedrestt, vedrebbe, eto. 
Past Part.—Veduto and visto. 
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volemmo, 


vedt, vede, 


vide, vedemimo, 


etc., vediamo, 





By Francesco de Feo 


The compound prevedére (to foresee), provvedére 
(to provide), and travedére (to see indistinctly), 
in the future and conditional are regular: 
prevederd, prevederet, prorvedero, etc. 


Potere, to be able 

Pres. Ind.—Posso, puwot, pud, 
potete, possono (I can). 

Imperf.—Potevo, potevi, etc. 

Past Def.—Potet, potesti, eto. 

Future—Potro, potrat, potra, ete. 

Pres. Subj.—Possa, etc. ; possiamo, possiate, 
possano. 

Imp. Subj.—Potessi, potesst, etc. 

Conditional—Potret, potresti, etc. 

Past Part.—Potuto. 


Tenere, to hold, to keep 

Pres. Ind.—Tengo, tient, tiene, tentamo, tenete, 
téengono, 

Im perf.—Tenevo, tenevit, etc. 

Past Def.—Tenni, tenesti, tenne, tenemmo, 
ete. 

Future—Terro, terrat, terra, ete. 

Im perat.—Tient, tenga, tentamo, tenete, tengano. 

Pres. Subj.—Tenga, etc.; teniamo, teniate, 
téengano. 

Imp. Subj.—Tenessi, etc. 

Conditional—Terret, terrestt, etc. 

Past Part.—Tenuto. 

Conjugate like tenere: appartenére, to belong, 
contenére, to contain, ritenére, to retain, sostenére, 
to sustain, etc. 


posstamo, 


ESERcIzIO pI LETTURA 


..» Dovete dunque sapére che, in quel 
convento, c’era un nostro padre, il quale era 
un santo, e si chiamava il padre Macario. Un 
giorno d’inverno, passando per una vidt tola, 
in un campo d’un nostro benefattore, uomo 
dabbene anche lui, il padre Macario vide questo 
benefattore vicino a un suo gran noce; e 
quattro contadini, con le zappe! in aria, che 
re a scalzar? la pianta, per métterle 
e radici' al sole. Che fate voi a quella pévera 
pianta ? domandd il padre Macario. Eh! 
padre, son anni e anni che la* non mi vuol far 
noci; e io ne faccio legna. Lasciatela stare, 
disse il padre: sappiate che, quest’anno, la‘ 
fara pid noci che foglie. I) benefattore, che 
sapeva chi era colui che aveva detta quella 
rola, ordind subito ai lavoratori, che gettasser 
nuovo la terra sulle radici; e, chiamato il 
ait che continuava la sua strada, padre 

acario, gli disse, Ja meta della raccolta sara 

r il convento. Si sparse la voce della pre- 
izione ; e tutti corrévano a guardare il noce. 


~ 


Infatti, a primavera, fiori a bizzeffe,® e, a suo 
tempo, nooi a bizzeffe. Il buon benefattore 
non ebbe la consolazione di bacchiarle ;° perché 
ando, prima della raccolta, a ricévere il prémio 
della sua carita. Ma il miracolo fu tanto piu 
grande, come sentirete. 

1, pick-axe; 2, to bare; 3, root; 
5, in abundance, plenty; 6, to shake. 


PERSONAL PRONOUNS—continued 


Tu, Voi, Lei. In addressing a person we 
may use the pronoun of the second person 
singular, tu (dare del tu); or the pronoun of the 
second person plural, vot (dare del vot); or the 
feminine pronoun of the third person singular. 
let (dar del les). 

1. Tu is used in addressing children, relatives, 
very intimate friends. Examples: Where are 
you going, Peter? Dove vai, Pietro? Speak, 
my child, Parla, bambino mio. 

2. Voit is used in addressing a person to whom 
we desire to show a certain deference, or with 
whom we do not wish to be too familiar. 

Examples: You have not studied enough 
to-day, Vot non avete studiato abbastanza oggi; 
You are a good man, Voi siete un buon uomo. 
The adjective referring to vot (sing ) is in the 
singular. You are very kind, Voi siete molto 
gentile. 

3. Let is the usual form of address (except 
in the cases mentioned above): for the plural, 
loro is used. Example: “You must excuse me, 
Let mt deve scusare; You (plural) are right, 
Loro hanno ragione. 


4. The verb must, of course, agree in person 
and number with the personal pronoun used 
in addressing a person. The pronouns also 
in this case are generally omitted: entra, entrate, 
entri, éntrino. 


5. In addressing a man in the third person 
the adjective referring to the pronoun may be in 
the feminine, as les stands for the fermumuine 
Vossignoria (your lordship); Let sara cuntento 
(or contenta) di sapere, You will be pleased to 
know. 


6. Your, yours when speaking in the third per- 
son must be translated by suo, sua, suoi, sue, 
loro; suo padre, your father; le sue svurelle, 
your sisters; * loro amici, your friends. In 
writing, Hila may be used instead of lez, as, Scrivo 
subito perché Ella ne sia informata, I am writing 
at once in order that you should be informed of 
it. 

7. For you (06j.) the conjunctive forms la, le 
must be used. If a conjunctive pronoun is 
used the adjective must be feminine. Example: 
La prego di scusarmi, I beg you to excuse me. 
So the forms to be used when speaking or writing 
in the third person, whether the person 
be a man or a woman, are as follow: 

you (subj.)—let, or Ella (sing.), loro (plural) 
you (0bj.)—la (sing.), le pure) 

to you—le (sing.), loro (plural) 

it, him, them, etc. to you—giselo,-a,-t,-e 

of it, of him, of them, etc. to you—gliene 


4, it; 
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EXERCISE XXXII. 


1. Noi si parlava di lei. 2. Lei 6 gentilis- 
sima. 3. Mi facoia il piacere di darmi quello 
spillo. 4. Mi scusi se non glieli ho mandati pid 
presto. 5. Le prometto che fo uno spropdsito 
se lei non mi dice sdbito subito il nome di 
colui. 6. Amico mio, tu hai torto ; domanda 
un po’ a tua sorella; non é vero, signorina, che 
lei 6 informata di tutto? 7. Siete ben pronta 
a parlare senz’ éssere intorrogata. 8. Lei é la 
pil cara porsona che io abbia mai conosciuta ; 
come fa a éssere sempre cosi allegra? 9. Suo 
fratello mi disse che lei era ritornata in citta, 
e mi sono afirettato a venire a stringerle la 
mano. 10. Si 6 divertita questi lunghi mesi 
@inverno ? 11. Perché stanno sulla porta al 
freddo? éntrino. 12. Lei non sa, non sapra 
mai quanto sincera fosse la mia amicizia per suo 
figlio. 13. Abbia la gentilezza di méttere 
questa léttera alla posta quando va fuori. 14. 
La ringrazio tanto tanto dei bei fiori che mi ha 
mandati. 15. Loro erédono che tutto si possa 
fare a tambir battonte; ci vuol tempo per 
tutte le cose. 16, Le sue amiche la prégano 
di volére andar gid in giardino, se non le dis- 
piace. 17. Glieli mostrerd. 


CONVERSAZIONE 


Chi le ha detto che laffare non si fara ? 

Lo 80; e vedra che ho ragione. 

La ringrazio della sua gentilezza e la prego di 
comandarmi in tutto cid che posso. 
Non si dia pensiero di mc; 

regolurmi. 

Ho saputo che i suoi lavori sono stati accettati ; 
glicne faccio i mici complimenti. 

Grazie, ma non dica niente a mio padre, 
perché voglio fargli uno sorpresa. 

E loro stanno sempre in campagna ? 

Si, e forse ci resteremo per due o tre mesi 
ancora. Speriamo che ci faré V’onore di una 
sua visita un giorno o l’altro. 

Da quanto tempo non vede il signor N ? 

Lo vidi-in casa Sarti due mesi fa (ago). 

Dov’é il mio giornale ? 

Scusi tanto, signorina, non ci ho pensato; 
ma le prometto che stascra al pid tardi glielo 
furo avere. 

Se non vuol farlo, ce lo dica. 

Non é che non voglio, non posso. Loro non 
sanno quanto sia difficile di ottenere qualche 
cosa da quella gente. A ogni modo proverd, 6 
gliene fard sapere qualche cosa. 


Kry to Exercise XXIX. 


1, We had thought to sell him some 
tickets, but he has not wished to buy any. 
2. They have shown me some of different 
qualities. 3. If I had some more, I would give 
some to you. 4. Where is your aunt? 5. 
There she is; speak of it to her. 6. These little 
pictures are very beautiful; if you go to Italy 
do not forget to buy some for me. 7. I have 
bought some beautiful toys for this little boy, 
but I have sh haa to bring them to him. 8. 
Do not bring them to him, because he has been 
naughty all day. 9. If the dressmaker has 
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sapro come 
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finished my dress, tell her to send it to me 
diréctly. 10. Ishall not fail to tell her of it. 
Kary to Exmroin XXX. 

1. Non vedete che la faccia di questa bambina 
& tutta sporca di fumo? lavategliela. 2. Se 
avete delle rose e dei eee freschi, fatene un 
bel mazzolino e mandatelo a questo indirizzo. 
8. Vi avevo pregato di non dirle niente, e voi 
le avete raccontato tutto. 4. Ecco la léttera 
che abbiamo vicevuta, leggétegliela e vedete che 
impressione le fa. 5. Se avesse detto a noi tali 
parole, avremmo saputo come risponderle per le 
time. 6. Questo telegramma vi é stato rimesso 
alle sette e venti, come va che me lo date dopo 
pit di due ore? 7. Se volete andare a teatro, 
andateci; io preferisco di non uscire. 8. Lo 
trattero come un mio fratello, ve lo prometto. 
9. Ecco il telegramma che abbiamo ricevuto: 


Key ro Exercisn XXXI. 

1. That boy was saved by a miracle. 2. 
To-day the new railway time-table has been 
published. 3. The workmen are paid every 
tive days. 4. We were invited, but we did not 
go (there). 5. He is loved and esteemed by 
all who know him. 6. I am sorry I cannot 
accept your invitation, because I must soon 
start for Rome, where I have been summoned 
by telegram. 7. Stick no bills. 8. It is said 
that war between the two countries is now 
inevitable. 9. They say that General N. has 
been wounded in the last battle. 10. Don’t be 
tiresome, otherwise thou wilt be avoided by every- 
body. 11. This little story has been relatcd 
to us by a friend of ours. 12. The miser is 
attracted by gold, as iron by the magnet. 
13. The fire has been finally isolated; but 


* Ricevuto biciclette: spedirémovele.” 10. twenty houses and two coal-stores have been 
in Italiano, non lo capisco; traducétemelo, per entirely destroyed. 14. The thief has been 
piacere. arrested. 

Continued 
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VERBS—continued 


Pronominal Verbs Conjugated 
Interrogatively 


Pronominal verbs are conjugated interro- 
gatively: 

1. In simple tenses, by putting the pronoun 
subject after the verb. 

2. In compound tenses, by putting the pronoun 
subject after the auxiliary verb. 

These verbs may, like all other verbs, be con- 
jugated interrogatively by prefixing est-ce que 
without inversion. This form is most commonly 
used in the case of the first person singular of 
the simple tenses, and is the only one that will 
be given here: 


Se flatter, conjugated interrogatively 
INDIOATIVE 
Present 
Do I flatter myself ? 
est-ce que je me ileal 


NOUS Ns-NOus 
Imperfect 
Did I flatter myself ? 


eat-ce que je me flattais ? 
nous flattions-nous ? 

Past Definite 
Did I flatter myself ? 
est-ce que je me flattat ? 
nous flattimes-nous 

Future 
Shall I flatter myself ? 
eat-ce que je me flatterai P? 
nous flatterons-nous ? 
Compounp TENSES 

Past Indefinite 
Have I flattered myself ? 
me sute-je flatté, or flattée? 
nous sommes-nous flattés, or flatiees ? 
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Pluperfect 
Had I flattered myself ? 
m étais-je flatté, or flattée ? 
nous étions-nous flattéa, or flattées ? 
Past Antertor 
Had I flattered myself ? 
me fus-je flatté, or flattée ? 
nous fimes-nous flattés, or flattées ? 
Future Anterior 
Shall I have flattered myself ? 
me serat-je flaité, or flattée ? 
nous serons-nous flattés, or flattées ? 


CONDITIONAL 
Present 
Should I flatter myself ? 
eat-ce que je me flatterats ? 
nous flattertons-nous ? 


Past 
Should I have flattered myself ? 
me serais-je flatté, or flattée ? 
nous serions-nous flattés, or flattées ? 


Pronominal Verb Conjugated Interro= 
gatively and Negatively 
INDICATIVE 
Present 

Do I not perceive ? 

est-ce que je ne mapercois pas P 

ne nous apercevons-nous pas ? 

, Imperfect 

Did I not perceive ? 

eat-ce que je ne m’apercevats pas ? 

ne nous apercevions-nous pas ? 
Past Definite 

Did I not perceive ? 

est-ce que je ne m’apercus pas ? 

ne nous apercilmes-nous pas ? 


Future 
Shall I not perceive ? 
est-ce que je ne m’apercevrat pas ? 
ne nous apercevrons-nous pas ? = 
CoMPoUND TENSES 
Past Indefinite 
Have I not perceived ? 
ne me suis-je pas apercu, or apergue ? 
ne NOUSs SOMmMeEs-NOUs pas apercus, or apercues? 
Pluperfect 
Had I not perceived. 
ne métais-je pas apercu, or apercue ? 
ne nous étions-nous pas apercus, or apercues 7? 
Past Anterior 
Had I not perecived ? 
ne me fus-je pas apercu, or apercue ? 
ne nous fimes-nous pas apercus, or apercues ? 
Future Anterior 
Shall I not have perceived ? 
me me serai-je pas apercu, or apercue ? 
NE NOUS SCTONS-NOUS pas apercus, OY apercues 7? 
CONDITIONAL 
Present 
Should I not perceive ? 
eat-ce que je ne mapercevrats pas? 
ne nous apercevrions-nous pas ? 
Past 
Should I not have perceived ? 
ne me serais-je pas apercu, or apercue ? 
Ne NOUS SeriONs-NOUs pas apercus, OY apercues ? 


EXERCISE X XIX. 


Of the pronominal verbs that have the 
second pronoun for their direct object, some 
take the preposition @, others the preposition 
de, before their indirect object. These pre- 
positions are indicated in the following list of 
verbs that occur in the exercise ; 


vatder, to help oneself 
s'apercevowr de, to perceive 
sappeler, to be called 

s arréter, to sto 

se battre, to fight 

se défendre, to defend oneself 

se défier de, to distrust 

se déguiser, to disguise oneself 

se dévouer, to devote oneself 

s'emparer de, to take possession of, to seize 

sennuyer de, to weary of 

se glorifier de, to be proud of 

se méfier de, to mistrust 

se mettre a, to sct about, to begin 

se plaire a, to take pleasure in 

se ralentir, to slacken 

se trouver, to find oneself, to happen to be 

se vanter de, to boast of 

1. It seems to me that I have already scen 
that lady. What is her name ? (How does she 
call herself ? ) 

2. The vanquished (ratncru) have not fought 
less well than the victors (:ainqueur). 

3. The enemy (singular) have taken posses- 
sion of the town, after a long siege, during 
which the inhabitants defended themselves as 
sre aaa (courageusement) as the soldiers. 

4. We distrust others too much, and we 
do not mistrust ourselves sufficiently. 
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5. There are men who are prouder (glorify 
themsclves more) of their defects (le défaut) 
than of their good qualities. 

6. “Help thyself, heaven will help thee,” 
says tho proverb. 

7. They (f.) perceived their error, but it was 
too late. , 

8. A writer (écrivain) has said that if we 
often boast of not wearying, it is because we 
are 80 conceited (glorteus) that we do not wish 
(voulons) to consider (find) ourselves (de) bad 
company (la compagnie). 

9. At what time do you usually (ordtnatre. 
ment) get up ? We usually? get up at half-past 
seven, and we rarely go to bed before half- 
past eleven. 

10, Great motives may (pezvent) induce 
(éngager) us to humble (humslicr) ourselves, 
none to demean (avilt?) ourselves. 

11. The Romans, after having taken possession 
of Gaul (/a Gaule), gave it in a short timo their 
civilisation. 

12. It is (vat) better to expose onesolf to 
ingratitude than to leave a wretched (man) 
(malheureux) without help (secours). 

13. History tells us that there have been 
kings who devoted (dévouer) themaelves to 
death for the safety (le salut) of their people. 

14. There is a great deal of differonce between 
(entie) taking pleasuro (se plaire) in a (a) work 
and being suited (propre) for (to) it. 

15. We are so accustomed (arroutumés) to 
disguise ourselves to others, that in tho end 
(enfin) we disguise ourselves to ourselves. 

16. It is as easy to deceive (tromper) oneself 
without perceiving it, as it is difficult to deceive 
others without their (that they) perceiving it. 

Passive Verbs 

1. Verbs in the passive voice, or passive 
verbs, as they are commonly called (verbes 
passifs), consist of the pant participle of an 
active verb added to the verb étre, to be. Thus, 
aivmer, to love; éfre aimé, to be loved ; jaime, 
llove; je suis aimé, I am loved; La mere a 
grondé Tenfant, The mother has scolded the 
child; L’enfant a éé grondé par sa mere, The 
child has been scolded by his mother. 

2. In passive verbs, the past participle always 
agrees with the subject : Jeanne d’ Arc fut brilée 
sur la place publique de Rouen, Joan of Aro 
was burnt in the public square at Rouen. 

3. In conjugating a passive verh, it must 
be remembered that je, tu, noua, vous may 
atend for feminine subjects, and that in suc 
. case the past participles must be feminine 
also. 

4, As the conjugation of the passive voice 
presents no difficulty, it will suffice to give 
one simple tense end one compound tense 
as models : 

Present Indicative 
I am loved, ete. 
je suis aimé, or aimée 
tu es aimé, or aimée 
il est aimé, elle est aimée 
nous sommes aimés, or atmées 
vous étes atmés, or aimées 
als sont aimés, elles sont aimées 
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Past Indefinite 
I have been loved, etc. 

fat &é aimé, or aimée 

tu as &é aimé, or aimée 

al a &é aimé, elle a &é atmée 

nous avons é&é aimés, or aimées 

vous avez é&é atmés, or atmées 

tls ont &é aiméa, elles ont é&é aimées 

5. The subject of a verb in the passive voice 
can only be that which would be the direct 
object or accusative of the same verb in the 
active voice. The indirect object or dative 
of the active may never be the subject of the 
passive voice. Thus, the verb dire, to tell, 
requires the indirect object : je lust dis, I tell (to) 
him. Consequently, such a construction as 
**T have been told” is impossible in French. 
We must say, on m’a dit, one has told me, or 
sl m’a été dit, it has been told me. 
6. The passive construction is used far less 

frequently in French than it is in English. 


In the former language it is very com. vsniy 
rendered by an active construction with Jn as 
subject, or by means of a reflexive verb: It is 
said that the enemy have taken possession of 
the town, On dit que Tennemi s'est emparé de la 
ville; That word is not found in the dictionary, 
Ce mot ne se trouve pas dans le dictionnaire 
Neuter Verbs 

1. The neuter, or intransitive, verb (verbe 
meutre ou intransitt/) is that which can never 
have a direct object or accusative, and which, 
consequently, has no passive voice. 

2. Some neuter verbs are conjugated with 
étre as their auxiliary, in the compound tenses. 
The more common of these are: 

aller, to go partir, to go awey 

arriver, to arrive ester, to rem+in 

entrer,toenter sorti= to go out 

mourir, to die tomber, to fall 

naitre,to be born venir, to come, and some 
of its derivatives. 
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XCII. Attributive Clauses. The atitri- 
butive clause represents the attribute to thie 
subject in the principal sentence, and is 
generally joined to the other parts of the 
sentence by the conjunction baf, or by interro- 
gative or relative pronouns. As a substitute 
for an attribute, the attributive clause, like the 
attribute, answers to the question waé fiir ein? 
what sort of ? In the sentence: Gr gab mir den 
Beweis der Wahrheit feiner Dar’ ftellung, He gave 
ime the proofof the truth of his version, 
the substantive attribute answering the question 
Was fiir einen Beweis? is: Den Beweis der Wahrheit, 
etc. The attributive clause, by which it may 
be replaced, would be: Gr gab mir ben Beweis, 
dap feine Darftellung wahr fel, He gave me the 
proof that his version is true. 


XCIII. Relative Clauses. Attributive 
adjectives can be replaced by attributive clauses 
connected with the principal sentence by the 
relative pronouns bet, die, das, sweldjer, was, or 
by the conjunctions [see XLV., 2] tro, ba, wie, 
wann, etc. The relative pronouns agree in 
gender and number with the corresponding noun 
in the principal sentence, but the case is deter- 
mined by the predicate of the subordinate clause. 
In the sentence: Gut fabler Baum erquict das 
Muge nidit, A barren tree does not please (refresh) 
the eye, the adjective-attribute fab! can be 
replaced by an attributive (relative) clause: 
Gin Baum, ber Eahl ift, erquidt das Auge smrdt, 
A tree that is barren, etc. Sd) liebe nicht febler: 
lofe Kinder, I do not like faultless children, and: 
Ich liebe nidht Kinder, die fehlerlos find. Dies ift ein 
Mann, beffen Hilfe ih bedarf, This is a man 
whose help I need. Died ift ein Dtann, bem (3) 
night geholfen werden fann, This is a man to whom 
help cannot be given. Died ift ein Mann, den 
id braudje, This is a man whom I want. Dies 
find Lente, bie wir fennen, These are people whom 
we know. ‘Dies ift eine Frau, beren Hilfe id 
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bedarf, This is a woman whose help I want. 
In these examples it will be seen that gender 
and number of the relative pronouns are deter- 
mined by the nouns to which they refer, whilst 
the case is influenced by the predicate of the rela- 
tive clause. Sometimes the relative pronoun is 
dependent on the adjunct substantive, in which 
case it must be in the genitive (defen, deren) : 
Died ift ein Mann, an deffen Betfall mer lregt, 
This is a man whose approval I care for. 

1. If the attributive clause refers to a sub- 
stantive, the relative pronouns ber, die, dad, and 
weldyer, weldye, weldjes, are employed. ‘The choice 
between the two groups is generally decided by 
euphony: Gr bradyte ben Vifdh, weldjen (or den) id 
anid efanft hatte, He brought the table which 

{had} bought yesterday. But if tho relative 
clause refers tu a personal pronoun, only the 
relative pronouns ber, die, das, are admissible : 
Mir faher wh, der (not weldher) und fruher Musfunft 
gegeben hatte, We saw him who had previously 
given us information. Gr beleibtate mid), den (not 
weldyen) ev gum erften Dtale fab, He insulted me 
whom he saw for the first time. 

2. If the relative clause refers to the neuter 
of a demonstrative pronoun, or ofa substantive, 
or of an indefinite numeral, it has to be intro- 
duced by the relative pronoun twié, or its con- 
traction with prepositions, like womit, wobdurd, 
wozu, woraué, etc. Examples: Gr fagte mir 
Alles was er wufte, He told me all he knew. 
If the relative clause refera to a substantive, 
waé and its contractions are usually not employed : 
Das Vett, bas (not was) id) faufte, The bed which 
I bought. The relative pronoun twaé is, of 
course, subject to declension. 

3. Relative Adverbs are: wo (wohin), da (alé, 
weitn }—wo oe to place, and ba to time. 
Wo (wohin) is used instead of an bent Orte, an 
weldhem .... (an den Ort, an welder... .), in the 
place where.,..; and ba (alé, wenn) instead of 


zuder Seit, im welder..., at the time when... etc. 
Examples: Stennft du dad Land, wo die Gitronen 
b(ihn ? (Gvethe), Knowest thou the land where 
the lemons blossom ? Am Tage, da twit und gi 
erftern Dtale jahen, On the day when we saw cach 
other for the first time. 

4. The contraction of relative clauses lends 
more vigour and terseness to the sentence. The 
relative clause in the sentence Der Graf, det eiu 
yorgliglider Reiter war, ftleg in dem Sattel, 
The count, who was an excellent horseman, 
mounted into the saddle, can be contracted 
by the omission of the relative pronoun ,,det“ 
and the finite auxiliary (copulative) verb _,,tvar": 
Der Graf, ein yorgitglicher Metter, ftieg in den Sattel. 
The contracted part of the relative clause takes 
the case of the noun to which it refers: Dev Rat 
des yo dev cin Freund unferer Familie war, fdhien 
gut, The advice of the doctor, who was a friend 
of our family, seemed good; but Der Mat ded 
Mrztet, elnes Kreundes unferer Familie, fhlen gut. 

If the predicate of the relative clause is a verb 
in the passive voice, the relative pronoun is 
dropped and the verb takes the past participle : 
(Sr lebt in einem Dorfe, (welches) Gernhanfen genannt 
(ivitb), He lives in a village (which is) called 
Gernhausen. 


XCIV. Adverbial Clauses. According 
to the different groups of adverbs there are 
adverbial clauses of place, time, manner, cause, 
cte., whichcan be placed at the beginning, at 
the end, or in the middle of the sentence. The 
adverbial clause must not be confounded with 
the ordinary adverbial phrase of place, time, etc. 
The former is a complete clause with subject 
and predicate. Thus, wo immer, an allen Orten, 
wherever, in all places, are merely adverbial 
shrases of place; whilst Wo immer td aud) bin, 
Wherever I may be, is an adverbial clause of 
place, with subject and predicate. 

1, The adverbial clause of place answers to 
the questions Wo? Where? Wohin? Whither ? 
Woher 2? Whence? by which conjunctions it 1s 
generally introduced; whilst the correlatives, 
ba, dort, etc. frequently occur in the principal 
sentence: Wo idt ift, da ift and) Schatten, 
Where there is light, there is also shadow. To 
distinguish between adverbial clauses and attri- 
hutive clauses of place, which are introduced by 
the same conjunctions, it should be remembered 
that the former answers to the question Wo? etc., 
and the latter to Wag fiirein? Wo id geboren 
bin, ift meine Heimat, Where I was born is my 
home, is an adverbial clause of place. 
(Question: Wo ift meine Heimat?) But in 
Der Ort, wo id) geboren bin, ift meine Heimat. 
The place where I was born is my home, 
the relative clause is atiributive. (Question: 
Was fir ein Ort?) 

2. The adverbial clause of time answers to the 
questions Wann? When? Wre lang? How long? 
Seit wann? Since when? Bié wann? Till when ? 

(a) If the actions in the principal sentence 
and in the dependent clause coincide, these 
clauses are introduced by the conjunctions alé, 
wie, oenn, wasn, fobald, foie, wabrend: Ald ex fam, 
ging id) fert, As he came, I went away. Gr 
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wollte einjteigen, wahrend ber 8ug abging, He wanted 
to gét in whilst the train was starting, ete. 
The predicates of both parts of the sentence 
take, of course, the same tense. If the con- 
junctions wenn and iwann are omitted the 
sequence of words is the same as in an interro- 
gative sentence : Wenn ich wiederfomme, wollen wit 
Frohlich fein, When I return we will be merry ; 
but: RKomme id) wieder, wollen wir frdhltdy fein. 


(b) If the action of the dependent clause pro- 
cedes that of the principal sentence, the former 
is introduced by nadjoem, after: Naddem id) ihm 
meine Meinung gefagr hatte, beruhigte ex fi, After 
1 had told him my opinion, he calmed down. 
Here the imperfect in the principal sentence 
porreponde with the pluperfect in the dependent 
clause. 


(c) If the action of the principal sentence 

recedes that of the dependent clause, the latter 

is introduced by ele, beyor, before: Tue ed, ehe ec 
zu fpat ift, Do it, before it is too late. 


(d) The adverbial clauses answering to Wie 
lange? How long? Geit wann? Since when? 
Bis wan? Till when? are introduced by the 
conjunctions feit, since ; bid, till; indem, wahrend, 
whilst; (nbde¢, meanwhile; folange, as long as; 
and nun, now: Sit du da bift, fiihle teh mid) wieder 
woff, Since you have been (are) here, I feel 
well again. ‘Bleiben Gie hier, bis id) forme, Stay 
here until I come. 


3. Adverbial clauses of mode and manner 
answer to the questions Wie? How? and Auf 
weldye Weife+ In which way (manner)? These 
clauses can be (a) comparative, or (6) conclusive. 
In (a) the subjects of the principal sentence and 
of the adverbial clause are compared ; in (b)a 
conclusion is drawn in the one from the other. 


(a) The comparative clause is introduced by 
the conjunctions tie, ald, whe — fv, fo— fo, alé dag, 
alé ob, aie went, tote wenn, indent, ha bap, fe nady- 
dent, je— deft, infofern, iniwiefern, infoweit, Iniwieweit. 
The similarity of the objects compared is indi- 
cated by ivte, the superiority or inferiority by 
alé [see LV., 5, 6]: ftarf wie Gifen, strong as 
iron; ftarfer alé Q@ifen, stronger than iron. 
If the principal sentence and the comparative 
clause have the same subject and predicate, 
these can be dropped in the comparative clause 
after the conjunctions alé and wie: Gr Liebt feine 
Biidher, wie (er) fonft nidjts anf Erden ((ebt), Ho 
loves his books as he loves nothing elso on 
earth. Comparative clauses introduced by ofne 
dag can also be contracted if they have the same 
subject as the pete sentence : Gr ftimmt 3u, 
ohne bag ex dbaruber ett Wort verltert can be con- 
tracted (with omission of baf, and with the pre- 
positional infinitive of the verb) into: Gr ftimmt 
ju, ofne dariber ein Wort ju verfteren, He assents, 
without wasting Hosing a word about it. Com- 
parative clauses introduced by indem are con- 
tracted by omission of the conjunction and 
subject, the verb being put in the participle 

resent: Gr ftand auf, inbdem ex dem MRellner eine 
Sifbermiinge guwarf, and Gr ftand auf, dem Kellner 
eine Silbermiinge yuwerfend, He got up, throwing 
@ silver coin to the waiter. 
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(6) Conclusive clauses are introduced by 
fo—bdaB, fodaB, daf, icant bag, etc. Als dag is 
followed by the subjunctive: Sd) iwar ju erregt, 
alé daf td&h thm Ratte antiworten finnen, or 
contracted (with omission of the conjunction, 
and with the infinitive with um ju): Sd) war ju 
erregt, um ihm antworten zu fcnnen, I was too 
excited to be able to answer him. (Gr iat ju 
porfichtig, als baf ex der Mat befolgt hatte, or con- 
tracted: Gr war ju vorfichtig, um den Rat gu be: 
folgen, He was too cautious to follow the advice. 
The contracted form is distinctly preferable and 
is generally employed. 


4, Adverbial clauses of cause denote (a) the 
cause, (b) the purpose, (c) the condition, (d) the 
concession of an action expressed in the prin- 
cipal sentence. 

(a) Clauses of cause are introduced by tho 
conjunctions weil, indem, da, dadurd) — daf, baran 
— dag, davort—bdaf, daraus—bdaf. Examples: 
Id) ging fort, weil Sie nicht famen, I went away 
because you did not come. Dna er nidsts fagte, 
fyrad) aud) id) nidt davon, Since he said nothing, 
I, too, did not speak about it. The clauses of 
cause introduced by the conjunctions ba and weil 
can be contracted by the omission of the con- 
junction and the subject, the verb being put in 
the participle: Da id) mit diefer Beftimmung nicht 
einverftanden war, brad) id) die BVerhandlungen ab, 
As I did not consent to this stipulation, I broke 
off the negotiations ; or contracted: Dtit bdiefer 
Hedingung nicht eiaverftanden, brad id) die Berhand- 
lungen ab. 

(b) Clauses of purpose aro introduced by the 
conjunctions bamtt, auf daf, dag, etc. (sometimes 
with the correlatives barunt, deshalb, yu diejem 
Swede, in the principal sentence). The verb in 
these clauses takes the subjunctive mood: 
Gr fprad) fetfe, damit ifn niemand hire, He spoke 
low, so that no one should hoar him. The 
contraction is effected in the usual way, by 
omission of conjunction and subject, the verb 
taking the prepositional infinitive with ju or 
unt gu: Sie fceute feine Mtithe, damit fie gu ihm 
gelange, or Cie * heute Feine Dtithe, um gu thm gu 
gelaugen, She :hirked no trouble to get to him. 

(c) Conditional clauses are introduced by 
fallé, wenn, wofern, we, im Halle da’, sometimes 
with a correlative {o in the principal sentence: 
alle es reqnet, fo fomme id nidt, If it rains I do 
not come. If the conjunction of the subordinate 
clause is dropped, the verb must precede the 
subject: Regnet ev, fo fomme id) nidt. If a clause 
introduced by wenn is contracted, the conjunc- 
tion and subject are omitted, and the verb 
takes the past participle: Wenn er getreten wird, 
Friimint fid and ber Wurm, or contracted: Getreten, 
friimmt fid) aud) ber Wurm, Even the worm will 
turn when trodden on. 

(d) Clauses of concession are introduced by 
wenn aud, wenngleidh, wenn fdon, ob aud, obgleid), 
obfdhon, obwohl, wie and, wietwohl, although, some- 
times with a correlative fo bod) or fo dbentiod in the 
principal sentence. The conjunctions wenn, ob, 
are sometimes dropped for reasons of euphony, 
in which case the sequence of words is the same 
as in an independent interrogative sentence: 


Wenn aud) cad Ungliid ihn tief gebeugt hatte, fo 
lieB ev dody dew Mut nicht finfer, Although mis- 
fortune had bent him down, he did not lose 
courage ; or contracted : Hatte ihn and) dad Unglid 
tief gebengt, fo lief ex dod) den Mut nicht finfen. 


EXAMINATION PAPER XXIII. 

1. To which question does the attributive 
clayse answer, and for what reason ? 

2 How are relative clauses connected with 
their principal sentences ? 

3. What determines the gender and number, 
and what the case, of the relative pronoun 
in an attributive clause ? 

4. When is it necessary to employ the relative 
pronouns ber, die, bas ; and what consideration 
decides, in other cases, the alternate use of 
these pronouns and of iweldyer, welche, welches ? 

5. Which relative pronoun must be used, when 
the relative clause refers to the neuter of 
an adjective in the superlative? Under 
what other circumstances is the same 
pronoun to be used ? 

6. How can relative clauses be contracted ? 

7, What are adverbial clauses, and how are 
they grouped ? 

8. How is it possible to decide whether de- 
pendent clauses introduced by the con- 
junctions wo, woler, pes bel are adverbial 
clauses of place or relative (attributive) 
clauses ? 

9. What is the difference between an adverbial 
clause of place and a mere adverbial phrase 
of place ? 

10. What tenses are used in the principal 
sentence and in the adverbial clause of time 
(a) if the actions of both coincide, (b) if the 
action of the dependent clause precedes 
that of the principal sentence ? 

11. What rule detoruinieg the use of wie and als 
in comparative clauses ? 

12. How can a comparative clause be con- 
tracted? And how are clauses of cause, 
purpose, and condition contracted ? 

EXERCISE 1 (a). Insert the missing relative 
pronouns : 


Sd) faufte den Hut tn dem Gefchafte, .... fid 
I bought tho hat in the shop [which 
nebenan befindet. Dies widerfuhe mir, .... dod) 


is} next door. This happened to me who knew 
pen Wey getau fannte. Er felt mir feine Frau vor, 
the way exactly. He introduced to me his wife 
. +. th vorker nod) nie gefeben hatte. Dies ift ber Mann, 
whom I had never seen before. This is the man 

... Sohn uns Hierher fiibrte. Dies tft die 
whose son conducted us here. This is the peasant- 
Biuerin, .... Todhter und det Weg gezeigt hatte. 
woman whose daughter had shown us the way. 
Dad war Alles, .... id) erfahrenfonnte. Oasfagen Ste, 
This was all I could learn. You say so, 
wos Died Dod) beffer oi ie follte ? Das fagte der Mann, 
who ought to know better? The man said so, 
oo» Died Hatte beffer wiffer miffen. Das Klirgfte, 
who should have known better. The best [wisest] 
wooe tote tum Finsten, tft, abguvetfeu. Gs gab uidte, 
we can do, is to depart. There was nothing 

woe Ot micht tonfie. 
that he did not know. 


(>). Form attributive (relative) clauses of the 
following sentences : 


Sch faufte den Hut in dem neberan befindliden Gepdhafte. 


1 bought the hat in the shop next door. 
(See first sentence of exercise 1a.) 

Mle davan gewandte Miihe war vergeblidh. 

All the trouble spent on it was wasted. 

Nd) befelgte den =o mir ertetften = Rat. Ste 

I followed the advice given to me. She 

fdjenfte ihnr eine wunbdecbar duftende Moje. 


presented him with a deliciously smelling rose. 
Gr yzeigte mix den fiirzeften Weg. 
He showed me the shortest way. 
Exercise 2. Insert the correct conjunctions 
of comparison : 
Sch) fiihle mid) fo wohl, .... ein Fifd) im Wafer. 
I feel as well as a fish in the water. 
Jd) fahle mich wobhler, 2... ein Sifdy im Wafer. 
I feel better than a fish in the water. 
ooo. die Sonne ans den Wolfen bridt, — fo 
As the sun breaks forth from the clouds, so 
frat die See ans vem Waldbeodiunfel — herver. 
the fairy stepped out of the darkness of the forest. 


LANQUAGES—GQERMAN 


Unfer Garten ijt weit fdsner ber feiite. 
Our garden is far more beautiful than_ his. 
Gr liebte if, ..... cin Bruder dew anbern [Lieb]. 
He loved him as one brother loves the other. 


Key To EXERCINE IN EXAMINATION PAPER 
Pace 4076 

Dem Minde wurbe befohlen, int Bimmer gu bleiben. 
Dem Minde wurde befohlen dagu bleiben. Jd) bat 
ign mir gu Helfer, Sd) bat ifn miv mit einige 
Gelbe ausgubelfer. Ich bat ihn fidh cinftivetlen 
vine mic) zu befelfen, Gr erflarte nichts davomw gu 
wiffert, or: Ge erflairte, ev wiffe nidts davon. Dev 
Vater fiirdtete, fein Sohn wirde ifn nidte mitteilen. 
Sd) hoffe morgen frih abjureijen, or: Id hoffe, id 
werde morgen friih abreifen. (8 sway, fagte er mit, 
fdrectlid. Der MKénig wurde, beridhtete ote Beitung, 
glingend empfangen. Den Trapper twurde der Beek 
erteilt das Feuer gut eroffnen. Geftatten Ste mie Ihnen 
alles gn ergiblen, Grlauben Sie mir Sle nidftens 
gu befuchen. Gewif, aber trachter Sie den Bug nidt 
yu verfaumen, Berhilt 6 fic) fo, dann bleibe id) nod. 
Minfdyen Sie cB nicht, fo wird ed einfady nidt 
gefdyefen. 


CONVERSATIONAL EXERCISES 
IX. Forma of Courtesy 


Generally speaking, the Germans are far more formal and courteous in conversation than the 
English, and have many expressions and quaint forms of speech which do not exist in English. 


Thus it is customa 
(I hope you have 


to say ,@uten Appetit” (good appetite) before, and ,,.Wiinjde wohl gefpeift gu haben” 
ined well) after a meal; or to exclaim ,3um Wobhffein!” on hearing somebod 


sneeze. The custom of addressing people by their full title is carried to such extremes that the wite 


of a small government official is addresse 


by her husband’s title; ,,Gran Steueretnnehmerin” (Mrs. 


tax-collector). To make these forms clearly intelligible, they are here literally translated. 


:00d-morning! Good-day! 

How do you do? 

Quite well, thank you; and you? 

Well, not particularly well; I have caught a 
slight cold. 

Good-bye! God be with you! 

After you! 

Your health! 

Farewell ! 

May we meet again soon! 

Good-night [gracious] madam! 

IT am pleased to have made your acquaint- 
ANce. 


Good-evening ! 


Guten Morgen! Guten Tag! Guten Wend! 

Wie geht es Mhuen? 

Dante beftens, gang que; und Ahuen ? 

Mun, might zum Bejtens td) babe mid) elm wwesry 
erfaltet. 

Mdien! Gott befohlen! 

Hen Shuen ! 

Profit! Auf Ihr Wohl! 

Leben Sie wohl ! 

Auf Miederfetyen ! 

Gute Nacht, gnadige Frau! 

($8 hat mid) gefreut, Sle fennen zu lernen, (ors Are 
werte ‘Befanntfdaft zu machen). 


Gott gum Gruge! 
Mire Gefundfeit ! 


X. Concerning Time 


What o’clock is it ? 

Eight o’clock. A quarter past eight. A quarter to 
nine. Five minutes past nine. Half past eloven. 

The train leaves at 2.20, at 3.30 p.m. 


The fast train arrives at 4.45 a.m. 


T shall be with you at five minutes to six. 

I shall only wait for you till a quarter past six, 
then I shall go, as the performance begins 
at 7 o'clock sharp. 


Wie vrel Uhr (wie fpat) ift e¢ ? 

Act Use. Gin Viertel nach act Uber. Dreiviertel mewn 
Uber. Giinf Minuten nad neun. Halb gwolF Uv. 

Der Bug geht win 2 UGr 20 Minuten, une Halo vier 
Nadymittags ab. 

Der Sdmellguy font finf Uby 
ttorgerté att. 

Fiinf Minuten vor feds Ugr bin ih bei Ihnen. 

Jd arte nur bis cin Blertel nady fechs auf Sie, dann 
qehe id) fort, ba bie Theatervoritellimg wm pracife 
7 Ube begisnnt. 


unt dreivlertel 


XI. Concerning Relationship 


That young lady is a niece of the officer who 
travelled with us. 

My nephew lived twelve months with his mother 
in London. 

T have a cousin at Breslau and an uncle at 


Magdeburg. 


Denes Fraulein ijt eine Nidhte ded Offigiers, der mit 
uné retfte. 

Mein Meffe lebte cin Bahr lang mit feiner Muiter in 
Londort. 

3& habe einen Vetter in Breslau und einen Onfel 
in Magdeburg. 
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I think there were several brothers and sisters ; 
has the child any brothers or sisters ? 

The grandparents took charge of the little girl. 

How many grandchildren has the Count ? 

He is a stepbrother of my brother-in-law. 

Do you know my sister-in-law ? 

The bridegroom and the bride came to see us. 

The children are twin-sisters. 


Sd) glaube ed waren mehreve Brides und Sdweftern 


ba; hat das Kind Gefcdrwifter ? 
Die Groeltern nalmen die Kleine gu id. 
Mie viel GuFel hat dex Graf ? 
Gx ift cin Stieforuder meines Sdwagers. 
Kernen Sie meine Schwigerin ? 
Der Brdutigant und die Braut madhten ung einen Befudh. 
Dre Kinder find Jwillingefdrweftern. 


Continued 


SPANISH “#is" By Amalia de Alberti &6 H. S. Duncan 


VERBS—continued 


The Reflexive Verb. Reflexive verbs 
are so called because they are conjugated with 
& pronoun object identical with the subject. 
Examples : 


alabarse, to praise oneself 

me alabo, I praise myself 

te alabas, thou praisest thysclf 

se alaba, he praises himself 

nos alabamos, we praise ourselves 

os alabais, bs praise yourselves 

se alaban, they praise themselves, etc. 


Many neuter and passive verbs have only the 
refloxive form in Spanish. Examples: 


alegrarse, to rejoice 
arrepentirse, to repent 
quejarse, to complain 
burlarse, to mock 
enfadarse, to get angry 
levantarse, to get up 
acostarse, to go to bed 
llamarse, to be called 


Verbs having only the reflexive form in Spanish, 
when active or neuter in English, may be con- 
jugated with se, itself, and the dative pronoun 
to distinguish the person. Examples : 


me alegro, or se me alegra, I rejoice : 

te alegras, or se te alegra, thou rejoicest 

se alegra, or se le alegra, he rejoices 

nos alegramos, or se nos alegra, we rejoice 
os alegrais, or se 08 alegra, you rejoice 

se alegran, or se les alegra, they rejoice 


Reciprocal Verbs. When reflexive verbs 
in the age refer to two or more persons 
separately they are called reciprocal, and the 
pronoun object is rendered by each other when two 
are intended and one another when several are 
indicated. Example: se aman, they love each 
other, or one another. 


As se aman may also mean they love them- 


selves, when any doubt is possible such phrases 
peel be stesngthisniad by some addition. Ex- 
amples : 


se aman & et mismos, they love themselves 
se aman el uno al otro, they love each other 
se aman los unos é los otros, they love one another. 


The Passive Voice. The ive voice, 
as already explained, is formed by the simple 


and compound tenses of the auxiliary verb ser 
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joined to the past participle of the verb to be. 
Examples : 

soy amado, I am loved 

fut amado, I was loved 

seré amado, I shall be loved 

haber sido amado, 1o have been loved 

The passive voice is little used in modern 
Spanish, but is generally replaced by the re- 
flexive construction. Example: 

El libro se vendié muy barato, The book was 
sold very cheap ; rather than fué vendido. 

The passive voice is preferred in narrative of 
past events. Example: 

Muchos soldados fueron matados en la batalla, 
Many soldiers were slain in the battle. 

The Participle. The past participle 
is looked upon as an adjective, and agrees with 
the noun in gender and number when used 
as an adjective without the verb, and when 
conjugated with any verb as auxiliary except 
haber. With haber the participle is always 
invariable. Examples : 

Ellos han leido las cartas, They have read tho 
letters. 

Las cartas estan leidas, The letters are read. 

Las cartas leidas, The letters read. 

Participles are considered irregular when 
they do not end in ado or ido, according to their 
conjugation. 

The following regular verbs have an irregular 
past participle: 

Infinitive 
abrir, to open 
cubrir, to vover 


Participle 

abierto, opened 
cubterto, covered 

escriber, to write escrito, written 

imprimir, to print tmpresn, printed 

All the derivatives of the above verbs have the 
same irregularity. Examples: 

descubrir, to discover <«dcacubdterto, discovere | 

encubrir, to conceal encubterto, concealed 

inscribir, to register inscrito, registered 

Impersonal Verbs. Impersonal verbs 
are those which can only be used in the third 

rson singular, and whose subject in English 
is tt They are inflected according to thei! 
conjugation. True impersonal verbs refer to 


natural phenomena. Examples: 
lover, to rain llueve, it rains 
nevar, to snow nteva, it snows 
helar, to freeze htela, it freezes 
tronar, to thunder truena, it thunders 


amanecer, to dawn amanece, it dawns 
anochecer, to grow dark anochese, it grows dark 


The two last may be used personally. Ex- 
sy ie 
maneci en Londres, I reached London at dawn. 
Anochecimos en Parts, We reached Paris at 
nightfall. 
he following are examples of the different 
methods of rendering the English impersonal 
“it is” in Spanish : 
Es verdad, Itistrue Hace frio, It is cold 
Asi es, It is 80 Hace sol, It is sunny 
Esta helando, It is Hace tres dias, It is 
freezing three days ago 
‘ Hay diez millas de aqui, It is three miles from 
ere. 
Mas vale tener poco que nada, It is better to 
have little than nothing. 
Nore. Hace is always used with reference 
to time, and hay with reference to distance. 


LANQUAGES—OPANIGH 


7. Calm comes before a storm. 
8. He saya he is a good horseman and he 


cannot manage his horse. 


. Do you use spurs? Never. 
10. This saddle is old. You should buy a new 
one; and allow me to tell you that the stirrups 


are too long. 


11. This horse is very spirited; it must be 
broken in. That is casy, I have a good trainer 


in my stables. 


12. The harnessing will be quickly done. 
13. It is not well to praise oneself so much, 
as he who praises himself runs risk of being 


mocked. 


14. Let them mock; I do not care! 
15. My heart rejoices at the sight of you. 


16. 


e are very pleased at your good fortune. 


Exercise XIV. (2) 


Translate the following into English : 
1. La guerra fué muy sangrienta; murieron 


muchos soldados. 


2. Al recibir la triste noticia la pobre mujer 


se desmayé. 


3. 3 Puedo abrir esa carta’? Esta abierta 


desde esta majfiana. 


4. El cielo esta encapotado ; se deben cubrir 
esas flores, pucs de seguro Jlover4. 
5. He escrito 4 su sefior padre dandole parte 


de nuestro compromiso ; verémos si se 


escribir. 


igna 


6. ; Esas palabras estén impresas en mi 


corazon ! 


7. Hay qu- imprimir este manuscrito. 


Vocabu. Vocabu- Vocabu- Vocabu- 
lary lario lary lario 
A cowherd Un vaquero A bag-pipe Una gaita 
A watering: Una regadera | A fife Un pifano 
pot A clarion Un elarin 
A spade Una azado A spring Un manantial 
Shears (Ias) cizallas | A torrent Un torrente 
A shearer Un esquilador | A rivulet Un arroyo 
A thrashing- Una maquina | A canal Un canal 
machine de trillar The calm La calma 
A cornrick Una hacina de | The storm La tempestad 
trigo A horseman Un jinete 
A seed-plot Un semnillero | A horse Un caballo 
A footpath Una senda The reins Las riendas 
A billiard- Una mesa de | The hit EI freno 
table billar The curb la barbada 
The balls Tas bolas The spurs Las espuelas 
A game of Un juego de The girth Las cinchas 
chess ajedrez The saddle La silla 
A game of Un juego de The stirrups 10s estribos 
ughts damas The horse- La gualdrapa 
A draught. Un tablero de cloth 
boa: damas The caparison EF) caparazon 
A dice-box Un cubilete To hreak a) ~=omar un 
A pawn Un peon horse caballo 
The bowling: El boleo The horse- El domador 
green breaker, 
Horse races = Carrera de trainer 
caballos To saddiea Aparejar 
The fishing, La pesca horse 
fisher) The harness El aparejo 
Fencing La esgrima To trot Trotar 
To smoke Fumar To amble Amblor 
A cigar Un cigarro To gallop Gialopar 
A Havana Un habano Forage Forraje 
A cigarette Un cigarritlu | Oats Avena 
Tobacco Tabaco Corn Grano 
Tobacconist Tabaquero Hay Heno 
A pipe Una pipe Bran Afrecho 
A blunderbuss Un trabuco The engage- El compro- 
A harp Una arpa ment miso 
A flute Una flauta | 


EXERCISE XIV. (1) 


8. La América fué descubierta por Colén. 

9. Al descubrir la estdtua, la derribéron al 
suclo. 

10. Truena, llueve y hiela al mismo tiempo. 

1l. ; Va & tronar! 

12. Al amanecer salimos del pueblo incognito. 

13. Amanece 4 las cinco de la mafiana. 

14. Al anochecer llegamos 4 nuestro destino ; 
fué una jornada larga. 

15. ; Es verdad que hay doce millas de aqui 
& San Juan de Luz ? 


Prost Extract XII. 


Passages from an Essay by, Mariano José de 
Larra, entitled “ ; Quién ex el Pablico ?” (Who 
is the Public 2). 


Translate the following into Spanish : 

1. Will you play chess? I cannot play as 
well as you. It does not matter, I will give you 
the queen and pawn. 

2. Very good; but after finishing a game of 
chess we will play one of draughts. I think I 
know that game very well. Here is the board. 

3. Take a cigar; they are good; they are 
Havanas. Thanks, I do not smoke. And your 
brother, [does he] smoke ? My brother smokes 
cigars, cigarettes, and a pipe. 

4. The Scotch play the bagpipes, and they are 
the only [people] in the world who can play 
th 


em. 

5. This water you see here is a spring of fresh 
water. 

6. This is a rivulet in summer, and a volumin- 
ous river in the winter. 


This word public 
which is always in 
every man’s mouth in 
support of his opinions, 
this accommodating 
servant of every part 
and every opinion, is 
it a word void of menan- 
ing or is it a real and 
actual living wi ie 
According to the 
amount of talk there 
is about it, according 
to the prominent part 
it plays in the world, 
according to the titles 
lavished upon it, 
and the consideration 


Fsa voz publica que 
todos traen en boca 
siempre en apoyo de 
sus opiniones, cse 
comodin de todos los 
partidos, de todos los 
pareceres, jes una 
palabra vacia dc 
sentido, 6 es un entc 
real y cfectivo ? Segun 
lo mucho que se habla 
de él, segun el papelon 
que hace en cl mundo, 
segun los epitetos sue 
se le prodigan, y las 
consideraciones que se 
le agra parece que 
debe de ser alguien. 
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shown it, it seems as if 
it ought to be some- 
body. The public is 
enlightened, public 
is indulgent, the public 
is impartial, the public 
is respectable, there can 
be no doubt, therefore, 
that the public exists. 
Such being the case, who 
is the public and where 
is it to be found ? 

With a youthful and 
ingenuous counten- 
ance I leave my house 
to search for the public 
in these streets, and to 
take notes in my pock- 
et-book of the charac- 
ter, or rather of the 
distinctive character- 
istics of this worth 
gentleman. ... . 

I gather up my no 
more perplexed than 
ever as regards the 
object of my inquiries, 
and seek information 
from persons more 
learned than myself. 
To my question “* Who 
is the public?” an 
author who has been 
hissed replies, ‘ Ask 
me rather how many 
fools are required to 
make a public.”’ 

An author who has 
been applauded replies, 
“It is the assembly of 
enlightened persons who 
decide upon the merit 
of literary productions 
in the theatre.” 

Mariano José do 
Larra (1809-1837) was 
born with all the gifts 
of genius, marred by 
a bitter pessimism 
which drove him to 
suicide at the age of 
twenty-cight. He was 
the author of one 
historical novel and a 
few adaptations for the 
stage, but his fame 
rests chiefly upon the 
vigorous prose of his 
satirical essays, which 
appeared under a 
variety of pseudonyms. 
In spite of his early 
death he is considered 
one of the foremost 
authors of the century. 


t 
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El pablico es ilustrado, 
el publico es indulgente, 


. el pablico es imparcial, 


el pablico es respetable : 
no bay duda, pues, en 
que existe el publico. 
En este opr arise 
i Quien es el pablico y 
donde se le encuen- 
tra ? 


Salgome de casa con 
mi cara infantil y 
bohalicona 4 buscar al 
publico por esas calles, 
y & tomar apuntaciones 
en mi registro accrca 
del caracter, por mejor 
decir, de los caracteres 
distintivos de ese re- 
spetable sefior. 


Reuno mis notas y 
mas confuso que antes 
acerca del objeto de 
mis pesquisas, llego a 
informarme de personas 
mas ilustradas que yo. 
Un autor silbado me 
dice cuando le pregunto, 
**y Quién es el pablico?” 
“ Preguntadme mas 
bien cudntos necios se 
necesitan para com- 
poner un piublico.” 


Un autor aplaudido 
me responde, “Es la 
reunion de personas 
ilustradas que deciden 
en el teatro del mérito 
de las _ producciones 
literarias.”’ 

Mariano José de 
Larra (1809-1837) nacidé 
con todos los dones de 
un genio, dafiados por 
sus sentimientos pesi- 
mistos que lo lievaron al 
suicidio 4 la edad de 
veinte y ocho afios. Fué 
el autor de una novela 
historica y de algunas 
adaptaciones para las 
tablas, pero su fama esté 
principalmente basada 
sobre la prosa vigorosa 
de sus ensayos satiricos, 
los cuales parecieron 


Kry To Exesrorse XIII, (1) 


1. 3 Desde cuando tiene el sefior banquero 
la cruz de .? 
2. Le fué conferida despues de la guerra. 

3. Me alegraré desmentir los rumores falsos 
que han corrido por la ciudad. 

4. Fué herido de un pistoletazo en el brazo 
derecho. 

5. 4 Fué el derecho, 6 el izquierdo ? 

6. Ya he dicho que era el derecho. 

7. Inferi que estaba malo, no le he visto por 
muchos dias. 

8, Ese hombre es capaz de poervertir 4 la 
a més sabia, sus doetrinas son escanda- 
osas. 

9. ; Vamos 4 la feria! de seguro que pod- 
remos comprar buenos potros y caballos. 

10. El salonde fumar esté al fin del jardin. 

11. Iremos mafiana 4 la fundicion de cafiones. 

12. El ladron con la ganzéa abriéd la puerta. 

13. El centinela esté en la garita, 

14. Tiene Vd bastantes uvas para hacer la 
vendimia. No, no tengo bastantes, pero tengo 
hermosos racimos. 

15. 3 Tiene Vd vifias? Tengo dos, una en 
Moguer y otra en Jerez. 

16. El] eje se rome cuando los caballos 
iban al galope y el coche volcé. 

17. Se ea & la muerte con una guadafia 
y un reloj de arena. ; 

18. Los segadores tienen la supersticion de si 
al segar cortan algun animal, sea péjaro, conejo 
6 cuahinie cosa animada, que han cortado su 
vida. 

19. Despues de concluida la cosecha los 
segadores bailan en la era, es una costumbro 
que data de la edad media. 

20. La fuente del jardin es de marmol y el 
agua muy limpia. 


Key to Exercise XIII. (2) 
T come to inquire into the details of the 


i. 
. theft which took place yesterday. 


2. We can say no more than what we have said 
already. 

3. It would be possible to catch the thieves 
if we made haste. 

4. It is not worth the trouble; what they took 
is of little value, and, after all, “live and let live’”’ 
comes in well here. 

5. He is a man of strong will, he has risen 
from nothing, and look at the position he holds ; 
think of all the difficulties he has had to conquer. 

G. He is very distinguished. 

7. Let us go to catch the train. It is late, 
and if you do not arrive in time you will not 
catch it. 

8. Be careful; thou art scattering that seed, 
and there will be none left for the garden. 

9. That woman is very frivolous and super- 


vedi Mogg seudénimos. ary ” ‘ " as 
pesar de su temprana 0. Last night we went to the gallery of the 
muerteestaconsiderado ‘Theatre Royal.” I did not like the tragedy ; 
como uno de los prim- the leading lady is too old, and the leading 
eros dutores del siglo. man cannot im. 

Continued 
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THE MODERN LOCOMOTIVE 


A. Fount taser compound “ Atlantic” type express locomotive, G.N.B., built ot Donoaster works, to the desi of 
Mr. H. A Ivatt. There are two high-pressure oplinders outalde the frames, and two low-pressure oylindersinside, B. view 
ot same, showing smoke-box. ©. End view of same, showing the fire-box, interior of sab, and controlling gear, injectors, etc. 
D. ‘‘ Consolidation ” type (@—8—0) mineral loccmotive, G.W.K., built at Swindon works, to the designs of Mr. J. &, Churchward 
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RAILWAY MANAGEMENT 


TRANSIT 


Division of the Railway Administrative Staff into its 16 


Several Departments, and the Responsibilities of Each 
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By H. G. ARCHER 


“THE policy and administration of a British 

railway company is vested in a board of 
directors, presided over by a chairman and two 
or more deputy chairmen. The directors are 
elected by the shareholders. A certain number 
of directors retire annually or semi-annually, 
but are’ eligible for re-election. Any shareholder, 
provided that he possesses the qualification of 
holding a specified amount of ordinary stock, 
in eligible for a directorship. Besides electing 
their directors, shareholders also clect the 
auditors of the company. The full board of 
directors, as a general rule, meets once a month ; 
but there is a number of directorial committees 
whose members confer together, and with the 
managerial chief or chiefs of the particular depart - 
ment which the latter represent, at more fre- 
quent intervals. For example. there 1s a finance 
committee, in close touch with the secretary, 


for him to supervise personally the actions of 
every employé, he 1s accounted the connecting 
link in the chain of responsibility between the 
board and the lately-joined lad porter.” General 
managers have been known to rise to their 
pre-eminent position from very subordinate 
grades of the staff. No particular branch of 
the railway service can be earmarked as hold- 
ing the ladder of success. True, the majority 
of general managers have mounted its rungs 
through the traffic department; but there are 
many instances of locomotive superintendents, 
engineers, and representatives of the Legal 
Department having attained the “ blue ribbon ” 
of the railway service. 

Administrative Departments. The 
various administrative departments of a great 
railway company are best explained by diagram 
[1] The statutory officers are scheduled on the 


CHAIRMAN 


——— 
OEPUTY ( HAIRMAN 


——— 
DEPUTY CHAIRMAN 


DIRECTORS 





\ ee 
SECRETARY TREASURER 





REGISTRAR OF 
SOLAS WP SNAMES 


AvOIT 
ALCOUNTANT 


EXPENDITURE 
ACCOUNTANT 


CHIEF 
ACCOUNTANT 


STATION AUDIT INSPECTORS 
TRAVELLING AUDITORS 








GENERAL| MANAGER 









ER 


CASHIE 






CwitF SOLKITOR 
ASSISTANT SOLICITOR 


RATING SURVEYOR 


ESTATE LAND AvENT 


STORE 
SUPER NTENOENT 









CATTLE ROLLING $ 





cwler CHIEF CiViL cnier SIGNAL MARINE CHIEF CARRIAGE cmer WAGON SUPER atius 
ORTEC TIVE ENGINEER MECHANICAL seen SUPER TELLOAAPH = CONSTMUCTUR «=*CUODS CONSTRUCTOR INTENDENT | SUPER ST0UK 
ENG NEER WTENDENT = NTENDENT suete MANAGER of Ling | (NTENOENT = supen OF NORGE 
WASSISTANTS prea INTENDENT DERARTMEND 
CHIEF ELECTRICAL & Sonera ; a MANAGER o MOTELS 
WORKS MANA WORKS MANA Ao0 
ase: ; ae id as AND OINING CAA CATERING 
STANT IN, 
RESIDENT ENGINEER ASSISTANT HORSE 
SUAERINTENOENT 
ASSISTANT CIVIL ABSISTAN?T CiViL INOOOR ouTrooor MINERAL {NOOOR ASSISTANT OUTOOOM ASSISTANT 
ENGINEER FOR ENGINEER *OR ASSISTANT ASSISTANT raareie aces ASGISTANT HORSE 
NEw WORKS PPRMANENT WAY 60008 C0085 MANACER guvEeR 
MANAGER MANAGER | | 
RaoaenRaree Gt VETIRINAAY SURGEON 


DIVISIONAL ENGINEERS OISTRIET GOODS MANAGERS 


STATION GOODS AGENTS § CANVASSERS 


t 
OUBTRICT SUPERINTENDENTS 


iaTIOn MASTERS 
STAFF 


1. THE EXECUTIVE OFFICERS OF A GREAT BRITISH RAILWAY COMPANY 


treasurer, and chief accountant; a traffic 
committee, who consult with the superinten- 
dent of the line and chief goods manager ; and 
a locomotive committee, who associate them- 
selves with the chief mechanical enginoer, or 
locomotive superintendent ; together with Par- 
liamentary, Fares and Rates, Debts and Goods 
claims, Hotels, Docks and Stecamboats com- 
mittees, etc. 

The General Manager. The responsible 
officer for the whole executive administration 


of a railway is the erie manager. He acte as 
“ chief of the Staff’? to the entire undertaking, 


and although, of course, it is not practicable 
28 G 


reader's left in the diagram. The existence of 
any or all other officers concerns the railway 
companies alone. Parliament in passin 
railway Bills roalises the need of & secretary an 
treasurer only (although the posts may be 
combined by one individual), the former to 
keep the records and registers, and the latter 
to be responsible for the cash. 

The general duties of these statutory officers 
are clearly defined, The secretary attends all 
board meetings, and makes record of the business 
done. He signs and issues stock certificates 
and, transfers of every kind, executes mortgage 
bonds, agreements, and all manner of deeds, and 


4227 


his name often appears at the foot of the com- 
y's advertisements for tenders, notices of 
shareholders’ meetings, and schedules of the 
bylaws exhibited for public information. The 
secretary, in short, is the legal representative of 
a railway company, while in most matters of 
policy, and in all those of finance, he is the 
adviser as well as recorder. Secretaries are the 
diplomatists of the cap ole service. In some 
instances, & secretary combines the duties of 
treasurer; but with the t companies the 
treasurer's is a separate department, which is 
subdivided, as shown in the diagram. 


The Treasurer. The treasurer controls 
the management, collection, and expenditure 
of the company’s revenue and is responsible for 
all the incoming and outgoing moneys to both 
the shareholders and the State; therefore, he 
must be supplied with the most detailed infore 
mation regarding receipts and expenditure from 
every source, together with detailed statementa 
of the companys liabilities. His right-hand 
men are a chief accountant, an expenditure 
accountant, an audit accountant, a registrar of 
stocks and shares, and a chief cashier. 

Besides keeping and checking the accounts, 
the treasurer is charged with the preparation of 
all financial statistics required by the Board of 
Trade, statements furnished to the assessor of 
railways for valuation roll purposes, and those 
supplied to the Income Tax Commissioners—in 
short, all statements which in any way affect the 
financial concerns of the company. The de- 
partmental staff of the chief accountant of a great 
railway company, whose half-yearly lWalance- 
sheet runs into several millions of pounds, is 
a vast organisation of itself. It comprises 
scores of travelling auditors and bookkeepers, 
and a regular army of clerks engaged in 
recording and checking numberless financial 
transactions. 


Railway Revenue. A railway company’s 
revenue is derived from a veriety of sources. 
The primary business of a railway is the 
transportation by rail (1) of passengers, (2) of 
goods. Under the receipte from passenger traffic 
are included not only the fares paid by ordinary 
passengers and season-ticket holders, but also 
the money paid for the conveyance of excess 
luggage, mails, parcels, carriages, horses, dogs, 
etc. Goods traffic receipte comprise the pay- 
ments made for the transport of minerals, 
general merchandise, and livestock. 

In addition to the above traffic receipts a 
railway company enjoys a large revenue from 
misoellan eous sources—such as steamboats, 
canals, docks, house rents, tolls, hotels, refresh- 
ment catering, etc. A remarkable feature of 
Britiah railways is the large amount of capital 
“atte in ceca docks, hotels, etc., and t the 
arge amount of money spent on purposes 
entirely outaide the i ar ‘elon The 
oma ysis indulge most aera “ side 

Ows,”” as are termed, are the Midland, 
— Great pets and the London and South- 

estern. At present there is a strong predelic- 
tion on the part of railway companies either 
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to buy up existing docks, or to build new ones, 


and to establish of cross-channel passenger 
and cargo steamers. The Great Northern 
furnishes the most striking instance of a railway 


company which has always steadily adhered to 
the principle of confining its business, as far as 
possible, to traffic by rail. 


Stores Department. The stores depart- 
ment forms the commercial arm of the service. 
It is said of the chief storekeeper that he is the 
only railway officer whose principal Sepsis 
is that of a merchant ; yet, while he needs no 
special railway service, he can be trained 
nowhere else. In the stores every conceivable 
requisite for railway working is found in stock, 
from the rails, sleepers, and chairs for the 
pene way and the fuel and oil for the 
ocomotive, down to the sponge cloths used in 
cleaning, the tools with which all repairs are 
executed, and the soap and towels which the 
passenger finds in a lavatory. All departments 
are dependent upon the storekeeper’s vigilance 
and readiness. He has to be a specialist buyer 
of everything, at one moment bargaining 
with a steelmaster for rails, at another with a 
clothier for the supply of cloths for guards’ and 

rs’ uniforms. Then, he has closely to 
observe the daily prices of all commodities that 
fluctuate, so as to place contracts in the 
cheapest market. When he has completed his 
contracts he must see that the goods are supplied 
in the quantities ordered, and subject the latter 
to tests for quality. After this, he is responsible 
that they are distributed throughout the system 
where they are likely to be wanted, and can be 
got at without delay. But he not only buys 
and distributes, he also sells all old or worn- 
out materialsa—sleepers, telegraph posts and 
wires, rolling stock, fittings, etc.—again watch- 
ing the market to judge of the best time for 
disposing. 

The Legal Department. [Every im- 
portant railway company has its own legal 
department. The chief solicitor is the directors’ 
principal legal adviser on matters of policy, 
and he or his qualified assistants are at all 
times accessible to the officers of every 
department. The legal department is, as a 
general rule, pretty sharply divided between a 
staff of assistant solicitors for Parliamentary 
work ; another staff of assistants experienced 
in conveyancing, in respect of the company’s 
landed interests ; and another staff learned in 
Common Law, who deal with the constant crop 
of matters in connection with claims, outstanding 
accounts, demurrage, and prosecutions for 
breaches of bylaws, and frauds. 


The Traffic Department. The normal 
organisation of a, British railway company 
furnishes the general pianapir. on bead of the 
traffic department, with two trusty lieutenants 
in the persons of a chief goods manager, and & 
superintendent of the line. The first-named has 


of rates, while occasionally a 
-~@ mineral traffic manager—is added. 


superintendent of the line deals with the working 
ofthe trains, both goods and passenger, and 
controls every factor pertaining to the move- 
ment of the traffic, except the supply of the 
necessary locomotive power. 

It is impossible to consider the working of the 
passenger traffic altogether apart from that of 
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traffic, and all traffic carried by passenger trains, 
termed “coaching traffic.” 

How vast and far-reaching in its scope is the 
organisation of the superintendent of the line’s 
department may be judged from the accompany- 
ing diagram [2]. For the commercial adminis- 
tration of the goods and mineral department, 
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2 TYPICAL ARRANGEMENT OF STAFF AND DUTIES—OFFICE OF SUPERINTENDENT OF THE LINE 


the goods, as every kind of train has to be 
accommodated to a great extent upon the same 
Imes of raals. 

Superintendent of the Line. Therefore, 
the superintendent of the line is the absolute 
head of everything connected with the move- 
ment and handling of the trains, both 
passenger and goods, and is in charge of all 
stations, oxcept big goods yards. His operative 
duties are as follows: the control of every 
individual in the traffic department, including 
the shunting staff, responsibility for providing 
a sufficient service of passenger and g 
trains, and for their economical working, for 
the safety of the working, and for the staffing 
of the trains. Then, the prpereuen of the 
time-tables, both public and working, and all 
matters concerned with the appointment, super- 
vision, and promotion of the traffic staff are 
in his hands. Further, he travels with and 
takes charge of Royal and other extra-special 
trains. But his duties are not confined to the 
operative side of the traffic working. He is also 
responsible for the iat side of the 
passenger traffic—that is, the securing and 
charging for ordinary passenger and excursion 


the entire railway system is divided into districts, 
under district goods managers, each of whom has 
a station agent (who 18 of equal rank with the 
stationmaster) and a town agent, together 
with a staff of canvassers, clerks, foremen, 
checkers, loaders, carmen, ete However, in 
less important districts, it may be possible to 
dispense with the services of a district goods 
manager, in which case the district superinten- 
dent becomes responsible for both passenger 
and goods working. Likewise, at small stations, 
the stationmaster acts an goods agent as well. 

At stated intervals, ‘ officers’ conferences ” 
are held at the company’s general offices. These 
conferences are attended by the chief officers 
at headquarters, and by the whole body of 
district trafhe superintendents and district goods 
managers. But the conferences are kept distinct 
—namely, traffic and goods, with the general 
manager presiding over each. 

New System of Organisation. As 
already stated, the foregoing is the normal 
organisation; but certam companies have 
recently struck out a fresh line, which closely 
follows the American practice. With the old 
system of organisation, it is alleged that the 
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functions of the goods managers and district 
superintendents overlap one another at several 
points, and that the superintendent of the line’s 
dopartment is handicapped in the efficient plan- 
making and discharge of its technical duties for 
the economical handling of traffic by reason of 
its incorporating such essentially commercial 
features as parcels, advertising, canvassing, etc.® 
and being burdened throughout with an excess 
of office work. The new idea is to effect a 
complete severance of the commercial and operat- 
ing branches throughout the traffic department. 
In the beginning of 1902, the North-Eastern 
Railway reorganised its traffic management on 
these lines, and the Great Northern Railway 
soon followed suit. The following is a précis of 
the new arrangement. There are three chief 
officers—vz. : 

1. The general superintendent, who is charged 
with the movement and handling of traffic 
everywhere, and in every shape or form ; and 
supervising the use of the company’s telegraphs 
and telephones. 

2. The chief goods manager, who is charged 
with the administration of the department of 
the company’s business connected with the 
securing and charging for merchandise, live- 
stock, and mineral traffic 

3. The chief passenger agent, who is charged 
with the administration of the department of the 
company’s business connected with the securing 
and charging for all ordinary passenger and excur- 
sion traffic, and all traffic carried by passenger 
trains termed “coaching traffic’; preparing, 
printing, and issuing tickets ; advising the general 
superintendent as to the needs of the train 
service ; collecting and distributing information 
as to trade movements and developments ; 
supervising and controlling the booking and 
parcels office 

Subordinate Officials. These three 
officers are responsible to a general traffic 
manager, and each has an organisation of 
su inates, giving a carefully arranged system 
of devolution. Thus, with the North-Eastern 
Railway, the general superintendent has three 
divisional superintendents, below whom come 
nine district superintendents. The chief goods 
manager has six district goods managers, and 
to the chief passenger agent are allotted three 
district passenger agents. 

With the Great Northern Railway, the arrange- 
ment is precisely the same, save that the general 
superintendent is assisted by a high official, 
known as the superintendent of the running 
department. 
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Superintendent of Running Depart=- 
ment. The duties in connection with the 
section under the immediate control of the 
superintendent of the running department are 
as follow: 

1. Selects and controls yard and platform 
inspectors, foremen, guards, brakesmen, signal- 
men, and shunters, employed exclusively in the 
running or working of trains. 

2. Arranges and controls the working of all 
passenger, goods, and mineral trains, and of all 
shunting in yards. 

3. Arranges with rolling stock controller as to 
provision of carriages, waggons, and sheets 
required for working the traffic. 

4, Arranges working of all dining cars. 

5. Arranges with locomotive department re- 
garding engines required for traffic purposes. 

6. Arranges with signal inspector regarding 
ordinary matters of traffic working ; proposals 
for alterations of, and additions to, lines, stations, 
sidings, etc., and other special matters to be 
submitted through general superintendent. 

7. Controls fog-signalling arrangements. 

8. Reports upon all accidents, including cases 
of injury to engers, employees, horses, cattle, 
and livestock. 

9. Deals with cases of damage to rolling 
stock, 

10. Supervises the cleaning of all rolling 
stock, also of cattle-pens. 

11. Prepares and issues working and public 
time-tables and all notices with regard to the 
proper and safe working of the line. 

12. Deals with correspondence from the 
public relating to the working of trains. 

Clerical Staff. As a principle, the super- 
vision and control of the clerical staff, together 
with the cartage arrangements in the provinces, 
fall to the commercial section, and that of the 
outdoor staff, including the staff employed in 
the goods sheds and warehouses, to the operating 
section. Exception is made, however, in the 
case of clerks whose duties are confined entirely 
to matter connected with the operating section 
and any members of the uniform staff specially 
employed in the commercial section. 

Engineering Department. The chief 
(civil) engineer is at the head of two important 
branches—namely, one for maintenance of 
existing lines and works, and one for construction 
of new works. His assistant engineer, for main- 
tenance of permanent way and existing works, 
has under him a quota of divisional engineers, 
and, if necessary, a engineer as well, while 
the subordinates of the former are the district 
engineers, draughtsmen, chief imspectors, sub- 
inspectors, foremen gangers, and platelayers, and 
relayers, artificers, carpenters, masons, etc., with 
their respective foremen. It may be added that 
when platelayers are in fo enaling. 
they pass under the juri fotion of the tra c 
department, as represented by the superin- 
tendent of the line. His second assistant, the 
engineer for new lines and works, takes charge 
of 7 aap once the plans have been prepared 
by the chief engineer, or, if the services of a oon- 
sulting engineer should have been requisitioned, 


have been approved of by the latter. He 
has under him resident engineers, who, as 
the name implies, supervise operations on the 
spot, and are provi with assistants and 
draughtemen. As @ rule, the construction of a 
heavy length of line, harbour, or large station 
works, etc., is entrusted to a contractor, who 
carries out his task under the superintendence 
of the company’s engineer for new works. 

Locomotive Superintendenta. We 
now pass on to the locomotive superintendent, 
whose duties embrace the designing and building 
of suitable locomotives for the various classes of 
traffic—for instance, express passenger, goods, 
suburban, ‘‘ mixed,’ etc.—the maintenance and 
repair of engines, and the administration of the 
running department. In designing his engines, 
the locomotive superintendent, of course, takes 
his cue from the traffic department, which keeps 
him informed as to any projected increases of 
load and speed. His right-hand men are, first, 
an assistant locomotive superintendent, who is 
virtually in charge of the running department ; 
secondly, a works manager, since most railway 
companies have their own engineering shops, 
where the locomotives are built. If a company 
go to private firms of locomotive builders for 
engines, the latter are stil] built strictly accord- 
ing to the specifications prepared by the loco- 
motive superintendent Below the assistant 
locomotive superintendent come the distnict 
locomotive superintendents, one or more loco- 
motive accountants, and a staff of draughtsmen. 
This, in turn, brings us to themen who keep 
(ngines in repair at the running or steam sheds— 
toremen fitters, together with smiths of various 
description» ; and the men and youths who 
prepare them for the road—-coalmen, lighters- 
np, sand-driers, cleaners, washers-out, and 
bar-boys. 

Chief Mechanical Engineer. As a 
general rule, the locomotive supcrintendent 
8 no longer known by name as such, for 
he has blossomed forth into # far more 
important personage, with the title of chief 
mechanical engineer. In old days, the chief 
(civil) engineer was responsible for everythin 
of a mechanical nature, and therefore h 
charge of the company’s steamships, stationary 
engines, turntables, hydraulic atallations, 
water-columns, etc.; whereas now it is the 
fashion to divide the department into two, 
respectively under a chief mechanical or dynamo- 
mical engineer, who deals with all moving 
machinery whatsoever, and a chief civil engineer, 
who may be said to be responsible for all 
machinery that does not move. 

The smaller companies entrust the designing 
and building of carriages and waggons to their 
locomotive superintendent. More important 
companies have a distinct department for the 
purpose, under a carriage and waggon con- 
structor; and the London and Nort':-Western 
Railway finds it necessary to have both « 
carriage and waggon department, the works of 
the former being situated at Wolverton, and 
those of the latter at Earlestown, while the loco- 
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motive works are at Crewe. The carriage and 
waggon constructor has his own works man- 
ager, assistant superintendents, and draughts- 
men, and his responsibility extends outside the 
works to the men who examine, repair and 
clean the vehicles all over the line. 

Electrical Engineer. Modern conditions 
have added yet another highly-placed official to 
the engineering side of wrailway in the person 
of a chief electrical engineer, who undertakes 
the maintenance of the power-houses and plant 
employed for traction on electrically operated 
sections of the line, and generating the current 
for lighting stations, snide yards, and offices. 
In addition, he advises or is intimately connected 
with the management of the signalling and 
telegraph department, as regards the réle played 
by electricity in various kinds of signalling 
apparatus, and again, has charge of the arrang-- 
ments for the hghting of passenger trains by 
electricity. 

Signal and Telegraph Departmente. 
The signalling and telograph department proper 
is usually reckoned to fall within the scope of 
the chief civil engineer. Nevertheless, it pos- 
Sesses an organisation of its own, beginning 
with a signalling superintendent, and extending 
through a long chain of subordinates—namely, 
assistants, draughtsmen, signal inspectors, tele- 
graph inspectors, fitters, signal Jinemen, and 
telegraph linemen. 

Other Departments. The number of 
horses employed by the principal railway com- 
panies in “collection and delivery,” and also 
(though in a teadily diminishing quantity) for 
shunting purposes, runs into many thousands, 
For oxample, the studs of the ndon and 
North-Western and Midland companies cach 
include over 5,000 animals. This department is 
presided over by a horse supermtendent, aided 
by an assistant superintendent, a horse buyer, 
and a staff of veterinary surgeons, together with 
inspectors of horses, provender, and stores. 

The companies that own fleets of steam- 
ships and docks require the services of a marine 
superintendent, who exercises control over dock 
superintendents, ship captains, and officers, sea- 
men, wharfingers, and dock labourers. 

Now that so many companies possess hotels 
and also own the station refreshment-rooms, yet 
another department has been added to the 
headquarters adminixstration—namely, that of 
the hotels and refreshments manager, with a 
staff of resident managers and cashiers. 

Railway companies are empowered to let 
houses and lands of which they are the owners, 
and of which they may not require the use at 
the time. These circumstances call for the 
services of an estate and land agent, whose 
subordinates comprise surveyors, rating agents, 
assistant agents, and district agents. Lastly, for 
the better protection of their customers’ interests 
and to conduce to the maintenance of good order 
within the precincts of stations, the companies 
have their own staff of police inspectors, detec- 
tives, and constables, commanded by a police 
superintendent or chief detective officer. 


Continued 
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The Window-dresser of Journalism. Functions of the Sub-Editor. The 
Treatment of News. Headings. An Examination and Some Examples 





; By ARTHUR MEE 


A GOOD sub-editor is worth his weight in 

gold, and he is as rare as he is precious. 
His position is second in importance only to that 
of his editor-in-chief. Upon him falls the respon- 
sibihty of the final shaping of the paper as it 
goes to press. He is the window-dreseer of 
journalism. 

The Two Kinds of Papers. Most 

ple, however little they know of journalism, 
ow the difference between a bright paper and 
a dull paper. The dull paper is a sheet of solid 
type, in which one column looks as attractive, 
or as unattractive, as another; in which no 
effort is made to attract the eye at once to 
the most interesting news; in which most things 
are recorded faithfully and tediously as the 
‘Annual Register” recorded them a hundred 
rs ago. In the dull paper there is no change. 
It remains to-day as it was yesterday ; it will 
to-morrow as it is to-day Next Saturday’s co 
will look to the eye very much like last Saturday’s, 
and the date at the top is the only way we can 
tell at a glance whether the paper 1s new or old. 
It is the solidest and most reliable thing in the 
world. It never aa sige us because it gives 
us no expectations. It never surprises us be- 
cause we know exactly what it will tell us. That 
is the dull paper of the old pts 

The bright paper looks as though it were alive. 
We feel as we open it that the world is a live 
place and not a museum. We feel, if we read it 
in the quiet countryside. that we are in a dream, 
with all the world outside us alive with energies, 
and wars, and ctises, and that this busy world 
was never so busy as this morning. We open 
it and know at a glance what most people are 
talking about. We turn to a particular place, 
and if our eyes meet no sensation there we know 
that there is no sensation for them to meet. We 
feel that nothing in the world is unimportant. 
The headings are finger-posts pointing to a 
hundred avenues of human interest, whereon the 
busy man reads all he wants to know, from 
which the man of leisure discovers whether the 
matter will interest him or not. We know at 
once whether we must settle down quietly to read 
the paper or whether a glance as we wait for the 
train will do. It is the genius of the modern 
paper that it tells ds as from the houseto 
the things that it contains. That is the bright 
paper of our own times. 

The Sources of Copy.” The differ- 
ence between the two is the sub-editor. It is 
fitting here, perhaps, to consider for a moment 
the economy of n per office. At the 

of course, is the ea : 
law. Below him is his assistant. 
editor's duty to direct the general policy of the 
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paper, but the actual machinery by which news 
8 collected from the ends of the town and the 
ends of the earth is under the immediate control 
of the news editor, who has authority over the 
sub-editors. Separate from these are the reporters, 
responsible in London to the news editor, and 
in the provinces to a chief reporter. In addition 
to these are special members of the staff whose 
functions are well defined on all leading papers, 
but whose duties are largely covered on small 
papers by the general staff. Among these are 
the leader writers, whose duty it is to write the 
editorial articles which set forth the views of 
the paper ; the musical and dramatic critics, the 
sporting editor, the literary editor, the financial 
itor, the foreign editor, the magazine editor, 
the political editor—all these, individually or col- 
lectively according to the ponee of the paper. 
From all these various departments comes the 
supply of copy and not from these only, but from 
an innumerable host of correspondents in every 
town in the kingdom and in every country in 
the world. Through the Press Association and 
the Central News, or, in the case of the leading 
papers, through local correspondents of their 
own, the daily papers in every town have channels 
of communication with every other town. From 
early morning till after midnight, from early 
morning, indeed, till early morning comes again ; 
to-day, to-morrow, and the day after ; on, and on, 
and on without ceasing, the stream of copy 
comes. It comes in scattered fragments from 
the ends of the earth; it meets for the first time 
at the sub-editor’s elbow—a battle story from 
Havana, & Parliamentary debate at the Cape, 
an excavator’s discovery in Babylon, a wonderful 
wheat crop in California, a little child’s death 
in London—all this panorama of the doings of a 
world comes together on the sub-editor’s table. 
The Sub-editor’s Qualities. It is 
the business of the sub-editor to prepare copy 
for the printer, and, simple as it sounds, the 
work demands the exercise of many qualities 
which are all too rare. Hig post is more difficult 
to fill than any other post in journalism ; it may 
be said that a good paper is always wanting a 


good sub-editor. 
He will have prepared himself for the sub- 
editor’s room, , along the lines we have con- 


ps 
sidered. Heshould the general knowledge 
essential to ie journalist in = capacity, and 
& year or two of reporting will do him a great 
deal of good. The qualities that will help him 
most, which his work will develop in him 
and he should never cease to cultivate, are a 
peace for discovering the _ interesting 
aspect of events ; an ingenuity of expression ; 4 
real sense of the true proportion of things; the 


ability to condense a long report into a short 
one without sacrificing ‘vital points ; a genius 
for putting things in the most striking way ; 
an excellent memory; a great contempt for 
verbosity or “wordiness ;”” and a hundred other 
things which only experience can reveal to him. 

It is not easy to make up one’s mind which of 
these qualities, if any, is the chief. The ideal sub- 
editor has all of them, and he could hardly point 
to any one of them and say, “I owe my success 
to this,” “I owe my success to that.” The man 
who will succeed as a sub-editor will do his utmost 
to train himself in all these varied ways. It can 
hardly be doubted, however, that journalism is 
developing along lines which make it more and 
more essential for sub-editors to be alert and 
keen not only for new facts about things, but for 
new aspects and new theories. It is interesting to 
know that a prisoner has escaped from prison, 
but it is much more interesting to know how he 
escaped. It is interesting to know that a great 
business has been ruined; it is much more 
interesting to know why. 

How to Deal with News. If there has 
been a railway accident, it is more than likely 
that the most interesting thing in connection 
with it will be by no means the most obvious. 
The number of victims, though it adds to the 
sensation of the news, is not of any essential 
interest. It is terrible to know that fifty people 
lose their lives in a moment ; it is a much more 
intense and dramatic thing if the accident was 
caused by an overworked signalman falling asleep 
after sitting up for a week at his little girl's 
deathbed. A terrible railway accident has just 
happened as this is being written, and one of the 
accounts brings out a striking picture of the train 
waking up the whole town as it dashed through 
the station and fell down an embankment. No- 
thing in this appalling story is more impressive 
to a journalist than the thought of this train 
waking the sleeping country town at mid- 
night. 

‘The sense of proraraon is @ vital possession. 
It is one of the faculties that no sub-editor can 
do without. He must, of course, learn to adjust 
it to his paper; he must, that is, realise that a 
proper proportion of news in one paper may be 
an absurd disproportion in another. Obviously, 
if he is on the Darty News the meetings of 
the Free Church Congress will be of much more 
importance to the readers of his paper than the 
meetings of the Primrose League, but the pro- 
portions would be quite reversed if he were on the 
Morxina Post. But he must learn a much 
more important thing than this. He must have 
the gift for discovering what is interesting to the 

blic, and of putting these things, as a shop- 
hes r would say, in the front. 

The Paper must Look Interesting. 
We come mto touch here with the real genius 
of sub-editing. There are two supreme tests of 
a newspaper: Is it interesting? Does it look 
interesting ? The first is the business of the 


editor; ultimately the responsibility for the 
interestingness of a paper lies with the man at 


the head. It is the editor-in-chief, with ‘the 
news editor, who directs the supply of news 


which the sub-editor must deal with, Whether 
the matter is interesting or not is not a 
saci for him. His concern is entirely with 
the treatment of it. He must, of course, decide 
upon the comparative interest of various items, 
and orporeen them space accordingly, but his 
work lies with the matter supplied to him and 
not beyond it, so that in reality the question 
whether the paper is interesting or not depends 
upon the editor ; he may have ideal sub-editors 
and his matter may still be dull. 

But it is the sub-cditor’s own fault if his 
paper looks dull. How often are we attracted to a 
shop window by a bright display, only to find on 
a closer view that its contents do not interest us 
at all! The window-dresser has done his work 
well; he has been better than his master. The 
simile is so expressive that it seems hardly 
necessary to say any more. The sub-editor who 
remembers all the time that he is dressing a 
window will not go far astray. He must, of 
course, remember that even a window-dresser 
has responsibility. He must never deceive his 
readers by a heading which is misleading, any 
more than a draper must put superior articles in 
his window to advertise inferior articles inside. 
He must remember that in these days the busy 
man casts his eye rapidly over the paper, and 
often obtains his impression of the news of the 
day from the headings only. 


News Without Views. More and more 
are headings becoming little summaries of what 
follows, and the sub-editor should be careful 
that his headings do not convey a falso im- 
pression. A very striking case in point comes 
to mind. The proprietors of Puncy appealed 
against a decision in a libel suit in which 
PuncH was involved, and the appeal failed. 
The sub-editor was right in realising the interest 
of the case, but his strength was not in his 
discretion, and he headed the case Puncn 
Farts. It would not have been surprising to 
have heard a reader of that paper say to a friend 
at lunch that day, “‘ I see that Puncn is bank- 
rupt,” and one is glad, for the sake of the sub- 
editor and his paper, that Mr. Punch 1s such a 
me man. The experienced sub-editor is 
keenly aware of the subtlety of temptation, and 
it is not the easiest thing in the world te write 
headings which shall go as far as they legiti- 
mately may go, and not a hair's breadth farther. 
It is not merely the risk of libel that must be 
guarded against, but the risk of conveying 
misstatements and false impressions. 

Most of all the sub-editor, in writing headlines, 
should guard against the pernicious habit of 
importing opinions mto headings of merely 
news events. It is quite legitimate for him, and 
may be his duty, to remember that his paper has 
certain views, but his first concern is not with 
these. In dealing with news the sub-editor 
should have no views; he should know no 
politics. He may believe that a certain man is a 
scoundrel, but if the man dies he must not head 
the news of his death Deatu oF a ScounDREL. 
Yet things are done by sub-editors quite as 
careless and quite as bad as that wotild be. 
Such things are not only bad journalism, but 
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bad policy. A newspaper is first of all a coriveyer 
of news. It should be possible for a man of any 
views to buy it, to be interested in it, and to 
obtain from it a fair impression of what is 
happening in the world. e sub-editor who 
forgets his duty by introducing bias into news 
is an enemy to his paper and his profession. He 
alienates the very important section of the 
readers of his paper who do not believe in the 
paper’s politics but who buy the paper for its 
news, and he encourages a practice which would 
make journalism the tool of propagandists and 
parties instead of a living history of our times. 

The Wrong Sort of Headings. The 

sub-editor will find it all too easy to blunder 
in headlines. He will find himself late at night 
with a heap of telegrams through which he 
must run quickly lest they be too late for 
press, and he will catch sight of some word or 
pe which, in his haste, he will seize upon 
or a heading. -The result will be what often 
happens, that we find ourselves reading a para- 
graph which has no real relation to the headline 
which attracted us. An actual example may be 
more helpful than any advice. 

In a London paper the other day was 4 report 
from which it appeared that a pauper in London, 
who was charged with assault, had been in the 
workhouse since he was two years old, and that 
in 1883 he was sentenced to penal servitude for 
trying to set the workhouse on fire. This para- 
graph was coupled with another, not to be 
compared with it in interest and importance, 
from which it seemed that a violent pauper had 
spoken of a workhouse as “a British Bastille.” 
A good journalist will find it difficult to believe 
that an important London daily paper headed 
these two paragraphs ALLEGED BriTIsH BAsTILLe. 

A Subseditor’s Sin of Omission. 
Let us examine the heading. It was, in the 
first place, bad sub-editing to couple the para- 
graphs. The second paragraph was unimportant, 
and should not have been allowed to detract 
from the remarkable interest of the first. But, 
this mistake having been made, nothing could 
be more ridiculous than to select the heading 
from the second paragraph. The result of this 
was that (1) the first and most interesting para- 
graph was overlooked, and (2) the crazy nonsense 
of a crazy pauper was treated with all the respect 
and dignity due to an expression of opinion by, 
say, Lord Kelvin. It is ridiculous to suggest 
that there is anything like a British Bastille 
because & pauper says sO. 

But it 1s doubtful if the sub-editor’s sin of 
commission, serious as it was, was half so great 
as his sin of omission. The first paragraph was 
intensely interesting, and the sub-editor failed 
entirely to see the point in it. It is true that the 
report was faulty, in that it did not give the age 
of the pauper, which was an important fact ; 
and the sub-editor, if there had been time, should 
have discovered his age. That, however, may 
te left out of account, for the paragraph bore 
inherent evidence that the man had been in the 
workhouse since he was two, a4 total of at least 
forty years. He was, surely, the most interesting 
figure in that day’s papers—a man who had 
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liyed forty years without a penny of his own, 
who had never done a stroke of work in his life 
except when he tried to set on fire the home 
with which a philanthropic nation provided him. 
That is the fundamenta] idea of the paragraph, 
2 human document of the greatest interest, lost 
to the paper through bad sub-editing. 

The Inaccurate Heading. It is not 
possible to digcuss at equal length all the other 
points that come up in considering headings, but 
we may glance briefly at a number of headings 
taken at random from various papers. Here 
is one. 

Lirr ON FourPENcE a Day. 
Pauprrs WHosE Krep Costs put }p. More. 
Nothing could be more absurd than this. The 
paragraph explained how certain people lived 
on 4}d. a day, and the sub-editor, straining 
for a heading, framed one containing a mis- 
statement and demanding an explanation. It 
was as if, for the sake of round figures, he had 

headed a war telegram 

A THousAND KILLED IN Bart Le. 

An ENGAGEMENT CosTING ONLY 43 Livzs Less, 
Headings should never need to be explaincd. 
If they are not clear at a glance they should not 
be used. It is easy for a sub-editor to become 
so engrossed in an article that one idea stands 
out prominently in his mind, and to “head” 
the article as though it consisted only of this idea ; 
and the result in that case might be that the 
heading, though fitting a special interpretation of 
the article, was obscure to nine readers out of ten, 
and possibly to the author of the article himself. 

The Dangerous Heading. Here is an- 
other example of a hceadmg which no editor 
should allow. 

GrrMany’s IsoLaTION. 


* INEVITABLE’? Wark with ENGLAND 





“A Prece or Srupipity.” 


It cannot be doubted that the effect of this 
heading is to create an impression that war 
between England and Germany is inevitable. 
But we know that the sub-editor meant nothing 
of the kind; he meant that it is a piece of 
stupidity to say that war with England is 
inevitable. And yet the vast difference between 
these two meanings is allowed to rest on the mere 
absence of a full stop at the end of the second 
heading. This is unpardonable. There was, 
in the first place, a rule between the lines, 
and a rule in the middle of ao sentence is 
absurd; and, in tho second place, the mere 
absence of a full stop is a slight method which 
might be due to an accident, and in any case is 
quite common in headlines, and should never 
be relied upon in circumstances such as these. 
This heading conveyed to thousands of readers 
an impression exactly opposite to that which 
the paper desired to convey. 

The ee of conveying wrong impressions 
by carelessly written ‘headings was illustrated 
in another paper reporting the death of a Belfast 

entleman while exploring some famous clifis. 
izing on the word “ exploring,” the sub-editor 


headed the report in big'type Exrtonzr Kiri 
leading one to sikcctoa Nd lac other Stanley 
or Livingstone had come to an untimely en 
As a matter of fact, however, the gentleman was 
not an explorer at all, but a manufacturer, 
— = the ag piecs done ee sort 
of exploring we when we go to Hastings, 
or Brighton, or the Lakes, or avatar ae 
for a holiday. 

The Mieleading Heading. An even- 
ing which does not often sin in this 
respect led its readers astray not long ago 
with a heading Fren Postacr ror MEMBERS 
in its Parliamentary report. The impression 
conveyed—that members of Parliament were to 
have the privilege of free postage—was not con- 
firmed by the subject matter; a question had 
merely been asked in the House. It is easier 
to defend this heading than some of the others 
we have considered, but there is a subtle error 
in it which sub-editors should always avoid— 
the error of leading people to imagine that a 
thing is a fact when it is merely a subject of 
discussion. 

Another kind of heading to be watched is the 
joint heading which covers two things. One of 
the wittiest headings that has ever been written 
appeared in a London evening paper once 
when the House of Commons had an all-night 
sitting. It et on that at the same time 
the Great Wheel at Earl’s Court stuck fast, its 

assengers being “held up”’ all night, and the 

TAR posted London that day with the words: 
Tre House Struz Sirrine ;x Tus WHeEex Stiip 
Stickina. There was an idea linking the two 
events which made excellent “copy” But the 
double heading is not always so happy ; it was 
distinctly bad, for example, in a Parhamentary 
report concerning two separate subjects— 
cheaper postage for parcels and grants for 
necessitous schools. One question happened to 
follow the other in the House of Commons, and 
the sub-editor, coupling them, headed the report 
CHEAPER PaRcELs AND NzcerssiTous Scuou1s, 
leading the reader to wonder what subtle 
necessity could arise in poor schools for a 
specially cheap parcels post. 

The Feeble Heading. The sub-editor 
must beware of giving undue importance to a 
trifling incident. The magnifying of trivial 
things, or the drawing of large deductions 
from slight incidents, is perilously near what 
is known in the ne office as ‘ faking,”’ 
an offence which puts the offender outside the 
pale of honourable journalism as a lie puts o 
man outside the pale of honourable society. 
“Faking ” is the invention of news; a “ fake ”’ 
is a newspaper lie. 

The sub-editor duvlaed hog too, “a siich 
feebleness as that displayed in a paragraph quite 
unworthy of the paper in which te appeared not 
long ago. A fire, in which three persons lost 
their lives, ocourred in London at Easter, and the 
inquest took place on Wednesday of Easter week. 
Following the report in a morning paper was a 
paragraph with a heading RemarkasB_E Coin- 
CIDENCE ; a paragraph with no other substance 
than the fact that on Wednesday of Easter week 


in the previous year also an inquiry was held in 
London into the deaths of three persons as the 
result of a fire. Nothing could well be feebler 
when we reniember that lives are lost by fires in 
London almost every week; that Easter week 
could hardly ever pass without such an event; 
and to speak of such a commonplace as a re- 
markable coincidence is only to deprive oneself of 
the power of description when something really 
remarkable does happen. 

The Legitimate Heading. But the 
candidate for sub-editing will study the pepe 
for himeelf, will re-write headings as often 
as he can, and will lcarn the art of mak- 
ing them short, direct, and comprehensive. 
There is, of course, a display of headings that is 
perfectly legitimate, and, irmtleed, desirable. The 
days of the old journalism are dead, and the 
papers which cling to its traditions are dying. 
They are not, at any rate, the papers of the 
future. The interesting and enterprising papers 
of to-day are so familiar to us all that there is 
no need to single them out, and the journalist 
can study them as often and as much as he likes. 
He can compare the papers with old-fashioned 
headings, which still give a column of interest- 
ing matter under one uninteresting headline, 
with the papers which make their articles at- 
tractive ; and he can choose which he likes best. 

He has only one choice, however, if he is to 
make his way as a sub-editor. There was 
admirable wit and meaning in a conversation 
the writer overheard in a restaurant in London. 


Two men were discussing newspapers. One 
thought the ‘sms uninteresting There were 
no headings to guide him, and soon. “ The end 


of the world might come,” he said, “‘ and if you 
took in only the Times you would never know 
it.” It is the business of the newspaper to tell 
its reader what has happened, not to compel 
him to search for the news with a microscope, 
and the news r which puts away the an- 
nouncement of Wie end of the world in a corner 
will abundantly deserve its doom ! 

The American Heading. 11 is not, of 
course, desirable to follow the example of the 
American sub-editors, whose papers are made 
intolerable to English journalists by columns 
of headings which are a disgrace to the 
King’s English. Bripcr Jam Worst Ever was 
one of these; it was the sub-editor’s way of 
saying ‘The Worst Bridge Accident on Record.” 
But the line between the extremes is not difficult 
to draw, and the instinct of the true journalist 
will lead him aright. 

We may sum up all that is to be said about 
headings, perhaps, in one or two words. If we 
have to choose as sub-editors between making o 
dull article look interesting, or making an inter- 
esting article look dull. we must make the dull 
article look interesting. The days when people 
read everything have gone, and every r 
has become an editor. Every n who reads 
& paper edits it for himself. He will read only 
what appeals to him, and only what appeals to 
him at once. He will not sit down to make pp 
his mind whether to read an article or not. He 
makes up his mind at once when he sees the 
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heading, and the paper which is full of good 
matter with bad noe ings will not be read. 

The Ideal Heading. The ideal heading 
is interpretative as well as descriptive. It is 
an idea rather than a phrase, or, better still, 
it is both. lt strikes the mind at once. It 
doee not call for any mental searching, or for 
dictionaries. It 1s plain to the man who runs. 
It is never misleading, but it need not be 
severely narrow. It need not be without imagi- 
nation. It is suggestive, and may express with 
freedom not only the facts in the article but the 
thought behind it. It is written in the language 
of the people, and not in narrow terms of science, 
or theology, or great learning. Jt is wide, and free, 
and cloar, yet definite and not vague, accurate 
and not ambiguous’ lt puts a thing in the 
way in which it will appeal to the largest number 
of people among those for whom it is written. 
The hope in the journalist’s mind when he writes 
it is that it may impress itself so vividly upon 
the minds of those who read it that they will 
not casually pass it by. It takes the line, not 
of least resistance, but of widest acceptance. 

The heading of articles does not, of course, 
by any means comprise the whole of the sub- 
editor's work, out it is probably the most im- 
portant side of it. We have, moreover, devoted 
special consideration to the subject because a 
fall understanding of it implies a general capacit 
for sub-editorial work, and in treating of head- 
ings we have been able to consider incidentally 
many aspects of sub-editing. 
Kinds of Headings 

The sub-editor should make himself famihar 
with all kinds and sizes of types, and with all 
forms of headings. There are many kinds of 
headings. The main title of an article is called 
the heading; the remaining titles are sub- 
headings. The heading of this paragraph is 
a side-head, standing above matter either 
to the left or right of the colu The ordinary 
paragraph headings in the Set¥r-EpvucaTor ‘are 
run-on stde-heads. forming part of the first line 
of the paragraph. The heading of the next 
paragraph is a cross-head, standing above the 
matter in the centre. The other specimen 
shown is a cut-in stde-head, let into the para- 
graph in a square space two or three lines deep. 
The general page headings to articles in the 
EpvucaTor are known as box-headings, a border 
being placed round the type. 


Tuts 1s 4 Cross-Hrap 


Such headings have two objects; they may 
be either finger-posts to the article or simply 
means of display intended to relieve the solid 
appearance of the article. ‘A simple way of 
relieving the heavy appearance of solid type, 
often adopted in speeches, or stories, or descrip- 
tive sketches, is to mark a number of pointed 
phrases at convenient distances for the printer 
to set as small cross-heads. This may be done 


quite easily in the manner indicated at the 
end of this paragraph, and if the last words 
of a paragraph are suitable for a heading it 
is much more convenient for the printers if 
these are selected. A smart sub-editor can 
very quickly give a solid column of matter an 
interesting appearance by making half a dozen 


[marks of this kind.] 


This is Leaded type is type with blank 
a Cut-in spaces of varying thickness between 
Side-head she lines, thus making it more easy 
to read, and it is usual to “lead” articles 
of special importance in order to call atten- 
tion to them. The leading articles in most 
newspapers are leaded. The size of type is 
governed by the relative importance of 
matter, and stock features occupying con- 
siderable space, such as commercial and sporting 
news, are usually set in smaller type than the 
rest of the paper. Small type is, as a rule, to be 
deprecated, and the type in which the EpucaTor 
is set, known as bourgeois, is the usual size ior 
magazine reading 


Office Books. In dealing with the copy 
that comes before him the sub-editor should 
bear in mind all that has been said in 
this course and all that is to be said. Only 
experience can teach him the various ways 
of dealing with copy; the cutting down of 
an article five times as Icng as it should be ; the 
elaborating of an expensive cable which has more 
points than words, or the dealing with a tele- 
gram which has, unfortunately, more words than 
points; the re-writing of an important piece 
of copy written without regard to order or gram- 
mar or proportion ; the elucidating of obscure 
points ; the introduction of explanatory notes 
and comments. He will know all the reference 
books which the journalist must have at his 
elbow ; will know every page of WurraxeEr and 
Haze: will be familar with Haypn’s Dic- 
TIONARY OF Datss, with the most up-to-date 
encyclopedia—at present the HarmsworTH 
Encyctorpapia; the index to the Towgs, and, 
of course, the inevitable and indispensable 
Wuo’s Wuo. Most of these and a score of 
other refercnce books are on the shelves of every 
well-equipped newspaper office. The sub-editor 
will have available, besides, the cabinet of infor- 
mation which every efficient newspaper main- 
tains on lines we shall consider later. 

He will find his work trying, involving an 
early beginning if on @n evening paper, or 
working until the early hours of the morning 
for a daily paper; and unless he is strong and 
able to concentrate intansely for a long period 
he should not become a sub-editor. lf all the 
conditions are favourable, however, he will find 
his work interesting, and if he does it well he may 


‘be certain of appreciation and advancement. 


A good sub-editor is assured of a comfortable 
living as long as papers last. 


Continued 
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By W. S. MURPHY 


FoR fifty years after machinery had been used 

for making boots the man who entered the 
trade had to count on meeting a hostile public 
opinion, in Great Britain especially. During that 
period it would have been as dangerous to offer 
an English gentleman a pair of machine-made 
boots as to suggest that he t to wear a 
nose-ring. We say that the hostility was one of 
opinion, not prejudice, for it was founded on 
experience and fact. Machine-made boots were 
either very ugly or very unreliable, and some- 
times they were both. 


The First Machine-made Boots. The 
reasons or excuses for this state of matters may 
be put under two heads—namely, the low-class 
market catered for, and the crudities of the 
machinery The factory trade was eget & 
shop trade, and well-to-do customers seldom 
patronised the shops, or, if they did, it was the 
bespoke department. Cut-throat competition 
hed. reditced profits on factory-made boots to 
almost nothing. and in the effort to cheapen pro- 
duction, manufacturers introduced machinery. 
To attempt the market in which the well-to-do 
purchased seemed hopeless ; the way to success 
was production of boots at popular prices in 
attractive styles. Cheapness, for the time, 
became the sole aim of the machine boot manu- 
facturer, and when cheapness is the chief 
objective, quality suffers. ing the seventies 
of the nineteenth century, the British boot 





36. SHWIKG ON THE SOLE BY A BLAKE OR 
MOKAY OMAIN-STITCH MACHINE 





markets were flooded with a class of boots 
unworthy of the bootmaking trade; no worse 
were ever made since boots were worn; but 
they were low in price People, however, 
soon found that the low-priced machine- 
made boots were not cheap, and a strong re- 
action set in. Everybody who could afford it 
went in for hand-made boots. A considerable 
section of the artisan class remained who were 
unable to hig Goes stanans boots, and for this 
market the t factories competed. Prices 
were maintained, but quality was improved. 
To meet these circumstances, manufacturers 
demanded and got better and more reliable 
machines, or paid the high prices machine 
makers had required for the best machines. 
Bootmaking Machinery. According to 
American authorities, the idea of making boots 
by machinery onginated from an _ invention 
by David Meade Randolph, in 1809. The boot 
in which the sole and uppers are ypited by 
pegging has always been made somewhere or 
other Randolph’s machine was devised to 
insert the pegs and clinch them on an iron last. 
In 1810, M. I Brunel, improved on Randolph’s 
idea, and patented a sole-riveting machine, 
which produced fairly good work of its kind 
Sewing Machine. During the following 
40 years the pegging-machines were improved, 
but the main direction of inventive ,effort was 
towards the making of a machine that would 
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sew soles The sewing machine, 
originally mvented by Thomas 
Saint, an Enghshman, in 1790, 
ave the idea upon which 
lean Blake worked in 
devising a machine for 
stitchmg on soles Blake 
brought out his patent m 
1858, and for a time its 
imperfections were more ap- 
preciated 












however, August Destory invented a 
curved needie for use m sewing 
machines, and the American partner- 
ship, Good- 

ear and 

cKay, suc- 
cessors to the 
Blake _ firm, 
took hold of 
the :dea, and 
brought out a 
machine 


than its 
merits; but which could 
the Civil War sew the boot 
gave Blake on the last, 
his oppor- and imitate 
tunity Boots hand sewing 
were needed British 
in a hurry for Machines. 
the armies the That 1s the 
Noithern story of boot- 
Stater were making ma- 
massing to chinery on 
hght tho Con- the other side 
federates, and ot the Atlan- 
though not lic, but its 
erfect, history on the 
lake’s ma Britwh side 
chine [85] 14 somewhat 
could produce different 
sewn eoots Long before 
with great 87 DUPLEX EYFLITER (B U Shoe Machine Co Leicester) machinery 


rapidity Tho 
original machine 38 thu» desciibed ‘ This 
machine 18 a chain-stitch sewing machine The 
hooked needle works through a rest o: support- 
ing surface of the upper part of a long curved 
arm, which projects upwards from the table of 
the machine This arm should be of such a 
form af to.carry the rest ito the toe 
There 1» a looper in the rest, or horn. and this 
looper les m the path of the needle with an 
eye The thread 1s 
Jed along the curved 
arm up through the 
looper and into the 
eye of the needle, 
tensions bemg on it” 
Though thir first 
Blake machine pro- 
fesesed to take the 
thread into the toe of 
the boot, it was not 
quite successful, and 
in 1860 an improve- 
ment was added 
which obviated that 
defect 


Improved Sew= 
ing Machine. As 
the se machine 
then stood, it could 
not be accepted as a 
substitute for the 
hand sewer. It was 
ae substitute 
or 6  pegg 
wnachine. In 186s 
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fo1 boot- 
making was thought of mn Amezica, a Leicester 
firm had devised machinery for the purpose, but 
tho inventions wore laid aside Wath plenty of 
shilled labour at hand, the need for machinery 
was not keen Besides, the boot 1equired for 
the British climate did not lend itself readily to 
machine manufacture For the American 
chmate, boots lghtly pegged and shmly sewn 
were the very thing, and for thi» «lass of boot 
the machines were 
adapted and speeded 
up Here we have an 
explanation of the 
failure of bootmaking 
machinery in this 
country when 1t was 
brought over from 
the United States 
The American style of 
boot was not intro- 
duced, but the ma- 
“chines were used for 
making ordinary 
strong boots, and the 
results were pitiable 
In a very short time, 
however, the machine 
manufacturers rose to 
the occasion, and 
invented machines 
suited to British needs 
Sie Progress. Year 
by year mechanical 
skill has overcome 
more and more all 


89. FITTING TOGETHER THE UPPER 


the problems of bootmaking, till, at the present 
day, a well-equipped factory can produce boots 
that will stand comparison with the ordi 
products of thecraftaman. It is true, there will 
always remain a large field for the hand-made 
boot, and nv one who loves his craft would wish it 
otherwise. No matter how excellent the machine, 
it can never equal the skilled hand in special 
lines ; the highest class of boot is the special 
work of a ial man. But for the great boot 
market of “the world, the public willing to wear 
boots short of perfect, at a fair price, the boot 
factory is the great source of supply. 


oharyaor oS rire tions. gen stands 
present, t factory is a exam 
of the division-of-labour principle in practies. 
For every detail there is a machine. The i 
of a boot-top, for example, is a straightforwa 
matter, but our machinist has broken up that 
process into no fewer than 16 different parts, 
each part with a machine specially designed to 
perform that one act alone. Let us take an 
instance. By smart work a bootmaker can a bie 
@ boot in about a minute, but here is a little 
machine that eyelets boots at the rate of 100 
@ minute [87]. The saving of time is si 
enormous. All round the factory the same thing 
happens. By putting s machine, or set of ma- 
chines, to carry one simple detail, you 
increase production and lessen cost. 

The Two Departments. The boot 
factory, like the bootmaking trade, iw divided 
into two large divisions—the upper-making and 
the bagariqure. pico taaegaaae There are even fac- 
tories which do nothing except make tops ; but, 
curiously enough, there are no factories employed 
exclusively in the soling and heeling business, 








and the question is, Where do all those boot- 
tops go? We fear that a good many boot- 
makers buy machine-made tops for hand-made 
boots. This is no trade secret, but a fact gener- 
ally accepted, though it may not be widely known 
among the boot-buying public Bootmaking by 
machinery is a succession of small details which 
may confuse unless we have a clear conception 
of the general plan of the factory Before under 
taking any piece of work, therefore, we will go 
round the factory, look into itgarrangement, and 
view the process of manufacture as a whol. 

The “Upper” Department. The first 
division of this department is the cutting or 
clicking room. The pattern 1s first cut in paper 
to the last [86]. Here boot-tops are being cut by 
the hundred. If the factory be of moderate size, 
one man is employed on each part of the i 
in very big factories groups of men act in the 
same way, one group cutting out fronts, another 
group backs, another quarters, and so on. At the 
same time a raed riders nda halted 
cutting out linings, bindings, and such things. 
Observe the system. A well-organised boot 
factory is arranged in a series of circles. From 
the store-room counter at this side the leathers 
and cloths are given out, and the materials seem 
to circle round the cutting-room, and return in 
the shape of the various parts of boot-tops 
Having been inspected, the materials are passed 
into the machine-room. 

Machinery. The machine-room is a place 
of pretty machines, some of them small enough 
to go into a man’s coat pocket. Here the circular 
motion 18 observed First the parts of the 
uppers are skived—hat 1s, reduced in substance 
at the edges. This may also be performed by 
machinery [88]. After this and other preparation 
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the parts are fitted or pasted together 
[889] to keep them in position while 
machming. Sometimes this is done to a 
shape like a last [40] so as.to give it a 
better shape and fit Linings and tops 
start on opposite sides of a row of 
machines, and move along from hand 
to hand, receiving additions and joinings 
at each machine, and then they meet, to 
be put together. In this shape the tops 
complete the circle [41], arriving at the 
other end as boot-tops ready for the 
bootmakers. 

Inapection. Before the tops go 
down to the makers they are passed 
through the inspecting-room. This is a 
very important department in all machine 
factories. With a machine driven at 
1,000 revolutions a minute the worker 
has not time to stop and repair slips ; 
with the inexorable supply coming in on 
one side of her, and the continuous 
demand from the machinist on the 
other side, there is nothing for it but to 
go ahead. As a natural consequence, a 
small percentage of defective work is 
passed through, and must be checked. 


The Bottoming Department. 
Heavy machines are used in this depart- 
ment, and it is therefore planted, where 
possible, on the ground floor. The 
machines are grouped together in two 
divisions, those used for preparing the 
bottoms, such as presses [42], which are 
used to preas or cut out the sole leather 
into shapes corresponding with the 


shipe of the bottom of the last; sole- 42. 
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NDER A DOUBLE OPEN-ENDED PRESS 


rounding machines [48], each of 
which consists of a travelling knife 
made to travel round a wooden 
pattern the size and shape of the 
insole or outsole as the case may 
be. The heavy rollers are for 
compressing the leather, and take 
the place of the lapstone of the 
older craft. Guillotines for cutting 
the hides or butts into strips are 
also to be found in this depart- 
ment. Machines for levelling [46] 
the lumpy parts off the leather are 
also placed in here. Sole moulders 
[44] are used for blocking the 
bottom stuff to the curvature of 
the lasts, so that when they are 
sewn they shall be in their proper 
position. The counters or stiffeners 
are skived and moulded to shape 
by the counter moulders [45], 
while the insole machines feather 
or bevel the edges so that the 
substance of the leather shall not 
hurt the foot or cut into the 
per. 
The other range of machines 
last the uppers to the bottoms, 
tack the soles into position, lay 
the soles flatly to the shape of the 





last, and sew the soles to the insoles, 

b down the channels and relay the 
soles, build the heels, and perform 
many other similar processes. As we 
watch the process, we cannot help 
reflecting on the figure it presents of 
human social development, each 
generation taking the achievements 
of its predecessor, adding its quota, 
and passing the work forward. Beside 
each machine is a pile of stuff, and 
as the lasted tops come round another 
piece is added on, and sewn in place, 
and the boot is passed forward to 
another worker, who also adds some- 
thing. 

Finishing « room. From the 
making-up division the boots are 
taken into the finishing-room. Here 
there are machines that turn the heels 
into their required shape, revolving 
scouring-pads for giving them the 
requisite smoothness, and burnishers 
for imparting the high polish so much 
admired. The edges of the sole are 
trimmed to shape by the edge-trimmer, 
and set by an oscillating heated iron 
to prevent easy access of water or 
damp. The bottoms are scoured and 
stained and polished — all working 
swiftly on the boots and changing them from 
rather rough-looking things into fincly-finished 
footwear. 

In following the boots we have unconsciously 
come out of the region of machinery ito the 
quiet of officedom again, and here the inspectors 
are silently going over the boots before the 
packers take them away. A peg has sprung, 
a welt has broken, the channelling has frayed 
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—any damage, small or great, is instantly 
detected, and the boot thrown out. As the 
boots are passed, the packers take them away, 
and they go to the market, wherever that 


we be. 
arious Factories. From this sketch 
a general notion of the boot factory may be 
gathered; but it hardly gives a full account 
of the trade. Some particulars must be added. 
Boot manufacture offers a wide and varied 
field to the industrious and persevering worker. 
Factories have been established for the making 
of one class of boots only. One factory that 
we know very well is employed in producing 
ladies’ fine boots. and that variety alone ; another 
makes children’s and youths’ chiefly ; and there 
are other works in which only heavy boots are 
made. This specialisation, while it tends to 
restrict the worker's experience, affords oppor- 
tunities to the young and enterprising man 
seeking to start in basiness atters have 
come to such a pass that the operative must 
surrender all] hope of acquiring a knowledge of 
his whole trade in the factory. There is no 
injury, therefore, in the limit put upon his 
acquirement by the specialisation of the trade. 
It is to meet the n thus created that this 
work has been written. By technical study 
alone can the worker hope to rise above the 
position of a machine-minder, or detail labourer, 
and regain his status as a skilled crafteman on 
the higher plane offered by machine industry. 
The modern development of the factory 
system has tended to cheapen and a the 
footwear of the medium quality grade. The 
excellency of the machinery used has given for 
the same value ded in shoes a better 
built article, and although the price of the raw 


47Al 


LEATHER 







material has increased to a very met largely by the technical institu- 

large keene: the consumer tions formed im all the centres where 

has to pay little, if anything, shoc manufacturing is the staple 

extra for this owing to the in- industry. ° 

creased facilities adopted for Detailed Study. In order that 

production. the student may possess a clear and 
Science in Bootmaking. definite knowledge of the whole boot 


The amount of science and art that 
can be, and is, epplied in modern 
shoe manufacturing would, 
investigation, surprise 


upon 
those who sara —_ is 
nothing much in shoe- 
making but ical ex- 
i skill. The 

Srdels bya ootontifically: 
m @ scienti ° 
sir fr or hie 
a } attach- 
sie lca mtograph 
to regulate the lengths 
and widths ; the patterns 
are cut and scaled into 
sete by geometrical 
means with mathematical 
accuracy ; the variations 
caused the various 
substances of leather are 
calculated and applied 
by scientific methods; 
the skins are laid out to 
get the best economical 
results combined with a 
correct disposition of the 
material so as to produce 
boots and shoes that will 


endure the strain brough 


during wear; and all 


departments of the factory we find scientific 
methods in vogue in placo of the empirical 


methods of 
the older crafts- 


men, 

The finishes 
and colourings 
of the bottoms 
are art : 
ductions, end 
much thought 
and skill are 
brought into 
play im _ this 
rection. 

Treeing and 
dressing of the 
upper be- 
come quite j 
an important ,f 
branch, and a 
vast amount 


methods of 
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dressing so as to avoid anything 
likely to ruin or spoil the durability af the 
Jeather. This demand upon the worker has been 
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t to bear upon them 
through the various 
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Continued 


factory, we p 
operations in 
describing the principal machines used. 


se going into all the 
tail, illustrating and 


We shall stand by the 
side of the “‘ clicker,’ and 
learn how to cut out the 
tops from the thousands 
of patterns kept in the 
factory. By a series of 
tables compiled from 
wide experience we 
exhibit the scientific 
methods of measure- 
ments by which the 
machine bootmaker has 
been able to meet the 
requirements of cus- 
tomers of all ages, 
classes, and tastes. -Fol- 
lowing the “stuff” of 
the boot-top, we examine 
the various sewing 
machines, and machines 
of Med application, 
noti e special action 
ad fenction of each, till 
the completed top has 
been realised. 

Next comes the bottom- 


ing department. Here we begin with the cutti 
machines, striking out with dies soles an 
insoles, splitting welts, and shaping the various 
parts of the materials. 


Lasting is an important 
operation; and 
the appliances 
rare care- 

one over. 
Welting, ce- 
menting, and 
sole-laying are 
the next opera- 
tions, and then 


woke ot it 
working of it is 
further to be 
explained. 
Sole-pegging is 
another in- 

opera- 
j and we 
find out the 
reasons why 


ing has been restored to public favour after 
E eae parked al i 
claims careful and 


. The heel then 
attention 
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Magnetism of Metals. 





By Dr. C. W. SALEEBY 


WE must now turn to a systematic if brief 
discussion of a subject to which reference 
has frequently been made in preceding pages. 
We had no choice but to consider the relations 
of light, magnetism, and the electromagnetic 
theory of light before we had properly defined 
certain of the terms which we employed. But, 
at any rate, these references to the subject 
must have interested the reader in it. It is the 
old story: electricitty—which derives its name 
merely from the Greek word for amber—was once 
a sort of freak phenomenon, but now its study 
dominates the whole of the natural sciences ; 
and, similarly, magnetism is derived from the 
Greek name for a particular ore of iron, but is 
now recognised to be a phenomenon of the widest 
possible practical and theoretical interest. 

The ancients knew that the lodestone, or 
magnetic tron ore—which, as the reader may 
remember, has the formula Fe,O,—is capable 
of attracting iron, in whatever form, and of 
endowing such iron with a measure of its own 
properties. They also knew that other metals 
do not share in this property, and that the inter- 
vention of other metals between the magnet and 
the iron does not interfere with the attraction. 
But to the few facts they knew they added a vast 
amount of pure fiction, which was accepted aa 
fact for many cénturies. 

Invention of the Compass. According 
to Professor Chrystal, it was the invention of 
the compass that marked the first epoch in the 
science of magnetism. It is commonly believed 
that to the Chinese must be ascribed the first 
invention of this wonderful little instrument. It 
is stated by the Chinese historians that in the 
twenty-seventh century before Christ the com- 
pass was used in war. It is also a Chinese dic- 
tionary that first defines the lodestone. The 
Chinese appear to have long used the compass 
upon land before it was employed in navigation. 
It seems quite possible that the Chinese com- 
municated their knowledge to the Arabs, and 
that the Arabs introduced it into Europe. At 
any rate, even in the twelfth century European 
sailors employed a primitive form of compass 
which “ seems to have consisted simply of an iron 
needle which was touched with the lodestone 
and placed upon a pivot or floated on water, 80 
that it could turn more or less freely. It was 
found that such a needle — to a in - 

osition inti approximately north a 
south. i sai ; hs th compasses were mado 
of iron (steel was not used till much later), and 
were probably ill-pivoted, they must have been 
very inaccurate ; and the difficulty of using them 
must have been much increased by the want of 
a card, which was a later addition, made appar- 
ently by the Dutch.” 


Discoverer of the Earth's Magnetism. 
The next stage in the history of our knowledge 
of magnetism is undoubtedly represented by the 
life-work of Dr. William Gilbert, of Colchester, 
who was physician to Queen Elizabeth, but who 
will be remembered not as a physician, but as 
“the Galileo of magnetism.” It is true that he 
was President of the Royal College of Physicians 
and achieved great professional success, but he 
added nothing to medical science. On the other 
hand, he published, in the year 1600, the greatest 
work that has ever been written upon magnetism. 
He died three years later at the (probable) age of 
63. Gilbert was the absolute pioneer in this sub- 
ject. Not only did he make many experiments, 
but we owe also to him the capital discovery of the 
magnetism of the earth. Having found that the 
whole earth is none other than a great magnet, 
Gilbert was thereby enabled to explain not only 
the direction occupied by the compass needle, 
but also what is known as the magnetic dip. 
Says Fuller, in his ‘“‘ Worthies of England ” : 
““Mahomet’s tomb at Mecca is said strangely 
to hang up attracted by some invisible lodestone ; 
but the memory of this doctor will never fall 
to the ground, which his incomparable book, 
‘De Magnete,’ will support to eternity.” 

Two or three years ago Professor Silvanus P. 
Thompson delivered at the Royal Institution 
some most interesting lectures upon the work 
of Gilbert, the tercentenary of whose death 
fell in 1903. Professor Thompson claimed for 
this remarkable man even more than is generally 
acceded to him, and supported the claim by 
many quotations. It amounts to this—that 
Gilbert must be regarded as a forerunner of 
Bacon himself in his exposition and demonstra- 
tion of the true method of science—the method 
of induction—the interpretation rather than the 
anticipation of Nature. Certain it is that not 
only did Gilbert practise the scientific method, 
but he did so consciously, having a formal com- 
prehension of its principles and of the need for it. 

The Axis of a Magnet. We are apt to 
think of a magnet os a thing with two ends, 
but it is well to follow the example of Gilbert 
himself and take the case of a spherical magnet, 
which also has “poles.” The phenomena of 
magnetism do not at all depend upon the form of 
the magnet. We shall afterwards see that they 
are not molar, but molecular. Such a spherical 
magnet, then, like any other, has an s 
and poles. That end of the axis which always 
turns northwards we usually know as the north 
pole, and conversely. We shall soon see that it 
would be much more correct to desoribe the 
northward-turning pole of the magnet as ite 
south pole and the southward-turning pole as 
ita north pole. At any rate, when the magnet 
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comes to rest, the vertical plane in which its 
axis lies is known as the magnetic meridian, 
indicating respectively the magnetic north and 
the magnetic south. 

The Magnetic Needle. Having disposed 
of the notion that the molar form of a body 
has anything to do with its aay (age we may 
now study the more common form of artificial 

et, usually called the magnetic needle. This 
will consist of s thin piece of hard-tempered 
steel which has been magnetised in one way or 
another. It may have been rubbed with a piece 
of lodestone or with an artificial magnet, or it 
may have been made magnetic by electrical 
means. A steel knitting-needle can easily be 
magnetised by the first process. First of all 
we must have some means of distinguishing one 
end from the other. Let us decide that the end 
we shall call A is to become the north pole 
of the magnet and the other end, B, the 
south pole. Let us then take a magnet, 
place its north pole on the point A of 
the knitting-needle, and draw it along the 
needle from A to B. Similarly, we may draw 
the south pole of the magnet along the needle 
from B to A. If this process be repeated often 
enough, we shall find that the knitting-needle 
has become magnetic. Such a magnetic needle 
may be made to float upon the surface of water, 
not because it is magnetic, but because of the 
surface tension of the water, as the reader will 
doubtless remember. And we find when we 
lower it very gently upon the surface of water 
that it will slowly turn until it comes to lie in 
the magnetic meridian. It is of the utmost value 


in man iments to have a needle thus 
balanced so that it can move freely in a horizontal 
plane. A method employed by Gilbert, besides 


the method we have just described, was to sus- 
sale a very fine magnetic needle from a single 

bre of silk, which scarcely interfered at all 
with ita movements. 

The Magnet and the Poles. What is 
known as the magnetic dip was independently 
discovered by several observers before the time 
of Gilbert. In 1544, a German vicar discovered 
that the magnetic needle, as he says, points 
downwards. ‘This may be proved as follows. 
I make a needle a finger long which stands hori- 
zontally on a pointed pivot so that it nowhere 
inclines the earth, but stands horizontal 
on both sides. But as soon as I stroke one of 
the ends with the lodestone, it matters not 
which end it be, then the needle no longer 
stands horizontal, but points downwards.” 

The magnetic dip varies in different places. 
It does not exist at all along a line which corre- 
gaa more or less with, but along a line which 

itely differs from, the equator of the earth ; 
this line is known as the magnetic equator. North 
of it the north end of the needle ipe below the 
horizon ; south of it the south end dips below 
the horizon. In each north and 
south, there is a point where one end or other 
of the needle dips vertically downwards. These 
points are known as the north and south toagnetic 
poles of the earth respectively; but a further 
mady of them belongs to the su of terrestrial 
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magnetism, and here we are dealing with the 
whole subject historically. 

The magnetic dip having been discovered 
just before the time of Gilbert, it remained for him 
to explain it in terms of terrestrial magnetism. 
Before him there had been made, but not ex- 
plicitly stated, the notable discovery of the 
mutual behaviour of the poles of magnets. 
This behaviour may be expressed by the very 
simple rule that ke magnetic poles repel, un- 
like magnetic poles aitract each other. The law 
of the intensity of this magnetic attraction and 
repulsion is the law with which we are already 
so familiar—it varies inversely as the square of 
the distance. 

The Elements and Magnetiem. As 
the name of the whole subject implies, there are 
inherent Par tea between the genie in 
Tespect 0: ir magnetic properties, and this is 
a sablect of which the chief student, beyond a 
question, is Michael Faraday. The pre-eminently 
magnetic substance is iron ; with this, of course, 
we may include steel, since, as the reader 
remembers, iron is ite chief constituent. Long 
after this element we must place nickel and co- 
balt, and also manganese and chromium  Fara- 
day studied an enormous number of bodies, and 
divided them into two great groups. Those 
which behave like iron, heing attracted by mag- 
seine calls tl lg Li tc, pss ease which are 
repe in greater or less ee by magneta 
he calls dta-magnetic. We need not give the 
list of substances which he tested: The interest- 
ing fact to notice is that almost every kind, if 
not absolutely every kind, of substance that can 
be experimented with is acted upon by a suffi- 
ciently powerful magnet in one way or another. 
We may select the following substances from 
Faraday’s list of dis-magnetio bodies in order to 
show their heterogeneous character: Rock 
crystal, nitrate of lead, citric acid, water, alcohol, 
nitric acid, alkaline salts, glass, iodine, resin, 
i jet, sugar, wood, leather, beef. and 


The Magnetiem of Metale. Of special 
interest is Faraday’s study of the relative mag- 
netic ii of the different metals. This 
must be of even greater interest to us than to 
ae bits aire reel a i towards 

nding the clue to the facts. e fullowing is 
Faraday’s list of metals in order of duacending 
susceptibility to magnetism reading down the 
columns. It requires a certain amount of revision, 
due, for instance, to the‘probability that iron is 
found as an impurity in several para-magnotic 
metals named : 


Pana-MAGNETIC 
Tron anese Cerium Palladium 
Niokel Chromium Titanium Platinum 
Cobalt Oamium 
Dra-MAGNRETIC 
Bismuth Cadmium Silver Uranium 
Antimony Sodium a Rhodium 
Zino Go. Iridium 
in Arsenic Tungsten 


add Range ep Drie. catstrngee But we 
must realise further eoperee wee 
by no means confined to soda. or Faraday 


found that gases have magnetic properties, 
though it is not necessary here to quote the 
table of his results. The most magnetic of all 
gases is, apparently oxygen, though it may 
possibly be surpassed in this respect by its 
own modification, ozone. 

Within the limits of magnetic action, the inter- 
position of material bodies is of no more moment 
as such than it is in the case of gravitation, 
provided that the intervening bodies be them- 
selves non-magnetic. It has already been noted 
that this important fact was recognised some 
centuries ago. 

Though various forms of iron, for instance, are 
capable of magnetisation, they vary very much, 
and at present very mysteriously, in their beha- 
viour when so magnetised. A piece of soft iron 
will become a magnet when it is touched by 
or placed sufficiently near to another magnet ; 
but so soon as it is removed from thig influence, 
its magnetic powers vanish. Steel, however, 
or a hard enough iron, when adequately mag- 
netised, will retain the property indefinitely. 
We are as yet quite incapable of explaining 
these differences. No wonder, the thoughtful 
reader wil] say, when he remembers that we are 
hitherto incapable of reducing to their ultimate 
basis the properties of hardness and softness. 
This is certainly not a chemical question of the 
admixture of carbon or other elements with the 
iron, but somehow depends upon the physical 
constitution of the bodies in question. 

How Physical Conditions Affect 
Magnetism. Certain illustrations of the 
effect of physical conditions upon magnetism 
may be quoted. Thus, in the case of soft 
annealed iron, under certain conditions a con- 
siderable percentage of induced magnetism can 
be retained. But the mere effect of a tap is 
sufficient to destroy this. This single instance 
is extremely suggestive. 

Then, again, we may take the influence of 
temperature, which is found to be very decided. 
Up to a certain point a rise in temperature in 
the case of soft iron greatly increases its response 
to magnetism. Yet a point is reached beyond 
which the reverse action occurs, and the mag- 
netism of the iron disappears. It is indeed 
true for all specimens and all varieties of iron 
or steel that there is a temperature—varying. 
of course, in different cases—which we may call 
the critical temperature, and beyond which the 
magnetism entirely disappears. 

e commonly think of a magnetic needle as 
having two ends, which we distinguish az its north 
and south poles; but this is only a relation, and 
the remarkable fact which we discover when 
we break up such a needle is that this relation 
holds good of all its parts. Break the needle 
in two and each half becomes a magnet with its 
own north and south pole, their positions 
corresponding to those of the unbroken needle. 
Break up these halves again and the same result 
is found. Must we not then conclude that the 
ultimate molecular units—not, of course, the 
ultimate units—of such a magnet are themselves 
magnetised ? In short, must we not form some 


molecular theory of magnetism ¢ 


PHYSICS 


A Limit to Magnetism. In the attempt 
to form such a theory we may note various facts, 
some of which have already been referred to. 
For instance, we may note the parallel state- 
ments of Wiedemann, which show us the apparent 
parallelism between magnetism and other physical 
conditions, for the explanation of which we must 


refer ourselves to the molecule. 


1. Jarring a body 
under twisting stress 
causes increase of twist. 


2. Permanent twist 
in a wire is diminished 
by jarring. 

3. A wire perman- 
ently twisted and then 
partly untwisted loses 
or gains twist when 
jarred according as the 
untwisting is small or 
great. 


Thus : 

I. Jarring a bar un- 
der magnetising force 
causes increase of mag- 
netisation. 

2. Permanent mag- 
netisation in a bar is 
diminished by jarring. 

3. A bar permanent- 
ly magnetised and then 

artly demagnetised, 
oses or gains magne- 
tisation according as 
the demagnetisation is 
small or great. 


We owe to Weber the original form of the 
theory which attempts to explain such facts 
as the above in molecular terms. We may 
call it the theory of molecular magnets—the 
theory that the individual molecules of iron 
or steel are themselves magnets. Weber sup- 
posed that in unmagnetised iron the molecules 
are lying in all directions indifferently, and that 
they, therefore, neutralise each other’s action, 
with the result that the mass as a whole 
has no magnetic action. Then, when the iron 
is magnetised we may suppose that the molecules 
have all been turned more or less in one direction, 
so that their action is summated instead of 
being mutually neutralised. Such o theory 
evidently leads to the conclusion, which is 
verified, that there is a definite limit to the 
possible magnetisation of any body. 

In some form or other Weber's theory must 
probably stand. It has been somewhat moditied 
by the suggestion that the molecules are not 
independent of each other but grouped in cer- 
tain positions ; and this supposition may serve 
to explain more of the facts. 

Magnetic Sounds and Magnetic 
Belts. Under certain conditions sounds may 
be produced by the magnetisation and de- 
magnetisation of iron and steel, the production 
of the aerial vibrations being due, doubtless, 
to mechanical chnnges in the metals.  It- 
was the great Joule, to whom we have often 
referred, who first clearly recognised that “ the 
magnetic extension in the core of an electro- 
magnet takes place so suddonly that the shock 
is sensible to the touch, and is accompanied by 
a@ musical note arising from vibration in the 
metal.” The earliest fog aaa on record 
depended, according to Professor Chrystal, 
essentially on the magnetic sounds produced by 
& varying current in an iron core. 

No doubt there may be magnetic belts on 
the market which do contain magnetised por- 
tions of steel or iron, though in many cases it . 
is impossible to discover any activity in these 
articles. Statements designed to indicate the 
potency of the magnetism, and asserting that 
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Pisvercs 


it will act various non-magnetic 
obstacles, will be ised at their due worth 
the reader. potencies and properties 


magnetism and its relations to the living 
body are, of course, obscure, though certain 
definite facts are known, as we shall see. But 
it may be most positively stated that there 
is no oS Ae tever to maak — ae 
magnetic belts have any appreciable action o 
any kind upon the body. That good results 
may sometimes follow their use proves nothing 
whatever as to their possession of any definite 
physical properties. For, as in a thousand other 
great majority of diseases are 
famously affected by anything in which the 
patient can be induced to believe. The interest 
of magnetio belts, therefore, is not really physical 
but psychological, and comes under the heading 
of the subject which the psychologist calls 


suggestion. 

The Earth, the Sun, and the Magnetic 
Needle. In our brief introductory history of 
this subject we have already outlined one or two 
of the facts of terrestmal magnetism. We have 
seen that William Gilbert explamed the behaviour 
of the magnetic needle by the extremely bold 
but justified speculation that the earth itself is 
a huge spherical magnet. It was this th 
which led Gilbert to experiment with little 
spherical models of the earth which he called 
terrelle, or isitle earths. We have also noticed 
the existence of the magnetic poles of the earth, 
and may briefly note that the term ssoclintc 
lines describes lines drawn on charts of the 
earth so as to pass through places where the 
angle of dip is the same. At the magnetic poles 
the angle, of course, is 90 degrees. Again, though 
we speak of the needle pointing n and south 
we must remember that, except along two 
lines, there is a declination, or variation, at every 
point upon the earth’s surface between the true 
meridian and the magnetic meridian. “ Isogonic 
lines ” indicate places where the declination 1s 
the same. 

Poets are apt to use the magnetic needle as a 
nba of constancy—‘ true as the needle to 

e Pole.” But, as a matter of fact, there are 


incessant changes in the behaviour of the needle 
at any given e as regards both variation and 
dsp. Some of these can scarcely be measured in 


less than centuries, others definitely correspond 
to the year, and others, again, may be measured 
from hour to hour. Lastly, we may note the 
amazing fact that the viour of magnetic 
needles on the earth is influenced by the state 
of the sun. It is pig Rea tale that sun spots 
affect the magnetic n , 

The Error of the Compass. If the earth 
be a magnet, then it should have all the properties 
of s magnet. For instance, it should be capable 
of inducing magnetism in susceptible substances 
in its neighbourhood. It has this property, 
and it is that steel masts and columns, 
pokers, hammers, and other objecta of steel, 
are sufficiently magnetised to affect a compass 
appreciably. This is the result of induction 
by means of the magnet we call the carth. 


This is a phrase used by Lord Kelvin in order 
to describe the influence upon a ship’s compass 
of the ship’s own magnetism. All i 
of a ship is magnetised by the earth’s induc- 
tion, though this tism is only temporary 
and not important. the other hand, all the 
steel of the ship and its hard iron acquire a 
more or less anent magnetism, the exact 
nature of which depends upon various factors, 
such as the position in which the ship lay while 
it was being built. This permanent magnetism 
of the ship is a very serious matter, and may 
mean the difference between life and death for 
the sailor. 

The Greatest Inventor in History. 
It is not neo here to describe the various 
kinds of error which the permanent magnetism 
of the ship may induce in the indications of the 
compass. But we,must celebrate once more tho 
great name of Lord Kelvin, that mighty genius 
whose practical inventions alone constitute him, 
perhaps, the greatest inventor in history, while 
his contnbutions to pure science would suffice 
to immortalise a dozen men. 

The Thomson or Kelvin compass is now 
to be found on every ship that sails the 
seas, and no one can say how many lives it 
has saved or what worth of cargo. Among 
the distinguishing properties of the instrument 
we may briefly note the fact that the Kelvin 
compass contains 81x or eight magnetised needles 
instead of one, and that the various kinds of 
errors of the compass are corrected by means 
of appropriate apparatus, such as bar magnets, 
horizontal and vertical, the position of which can 
be altered, and balls of soft iron, which are 
fixed on to the binnacle at the level of the card 
of the compass, and which neutralise the 
magnetism induced by the earth in the soft iron 
of the ship. 

The Field of a Magnet. We have 
already seen that in the neighbourhood of o 
magnet there is some essential difference from 
the conditions which prevail further away. The 
area over which the magnet exercises its influence 
we may describe as the field of the magnet. We 
have already noted facts from which we may 
properly infer that the earth itself, being a 
magnet, has a field in its immediate neighbour- 
hood. And this isso. The existence and some of 
the characters of a magnetic field may be shown 
by spreading some iron filings evenly upon a 
sheet of paper underneath which lies a et. 
If we tap the paper we find that these filings 
arrange themselves along a series of curved lines 
pessing between the two poles of the t. 

ese curved lines are known as lines of Bai 
and their study is extremely complicated and 
interesting. The appropriateness of the name 
will be seen if we make a further experiment, 
shor peat in lowering a small Hy seteosii 

over paper and seeing w. ppens 
to it. Ite point will be found to follow one of 
the lines of force already rprgregaied the 
position of the iron filings, and if the n 
of the needle be downwards it will be driven 
towards the south pole of the magnet. 
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"THE carpentry work in roofs consists in the 

erection of the wood framework to which the 
slates, tiles, sheet metal, or other covering is 
attached. Roof work is not now so entirely the 
province of the carpenter as it formerly was. 
ah large roofs are built of iron or mild 
steel, with no woodwork about them. In 
timber roofs the ties, or members that are sub- 
jected to tensile stress, are often of iron. In no 
case is wood uscd a3 exclusively as formerly, 
when even the pins that united the timber 
joints were of wood. 

No matter what the shape or size of a roof 
may be, the carpenter has to provide tor and 
arrange a series of rafters 12 or 14 in. apart 
over the entire surface. If the length of these 
exceeds about 8 ft., intermediate support must 
be provided for them. (ienerally they run from 
the roof ridge or apex down to the eaves, but 
occasionally the horizontal position is adopted. 
For convenience in attaching the roof covering, 
it is generally necessary either to board the 
rafters entirely over or to nail on a series of 
ae transversely, the former method being 

t 


Different Classes of Roofs. When 
the span from wall to wall does not excecd 16 
or 18 ft., the carpenter’s work is of a much 
simpler cheracter than in larger spans. This is 
because of the necessity of supporting long tim- 
bers at intervals, since it is more economical to 
provide intermediate supports for comparatively 
slender timbers than to render them independent 
of intermediate support by greatly increasing 
their section and weight. 

Roofs, therefore, may first of all be divided 
into two classes—those in which rafters alone are 
used with suitable woodwork to which to attach 
their ends, and those in which an elaborate 
skeleton-work of wood must first be built up 
for the rafters to rest on. Those in the first 
class are suitable for sheds and very small 
buildings of various kinds, including small 
dwelling-houses. Those in the second may be 
divided into king post roofs, suitable for spans 
between 18 and 30 ft., queen post roofs for 
spans between 30 and 45 ft., and compound 
roofs for spans of more than 45 ft. There are 
also a few forms simpler than the king post which 
come between that and the simple rafter roof, 
and there are some other forms suitable for 
moderately large spans, which do uot fall under 
either of these classes. 

The Lean-to Roof. The single slope, 
or lean-to roof [241], for a span of not more than 
10 ft., may be constructed only of rafters ex- 
tending from one wall to the other at the neces- 


sary slope. In roofs so small that the distance 
from ridge to eaves is less than 6 or 7 ft., it 
is not necessary to use rafters at all, but simply 
to board the surface over, providing a suitable 
support at top and bottom for the ends of the 
boards to bear on. The boards in such a case 
should run with the slope. When laid on rafters 
in the ordinary way, they run transversely to 
the slope, which, as far as throwing off wet is 
concerned, is not so satisfactory a position. 
Sometimes in medium and large roofs boards are 
laid diagonally on the roof surface, the main 
idea in this being to make them act as diagonal 
bracings to the other parts of the roof frame- 
work. The advantage, however, is only slight, 
and there is considerable waste and extra work 
in fitting them in this way. 

Wall Pilates. In the lean-to roof, when 
rafters are used, a bar of wood, or wall plate, 
as it is called, is fixed along the top of the 
lower wall flush with the inside edge, and the 
lower ends of the rafters are fitted with a 
birdsmouth joint [242] and nailed on to it. 
At the upper ends ettechment of the rafters 
to the wall is more troublesome, but it should 
be done securely to reduce outward thrust on 
the lower wall. A wall plate may be either 
built into or attached to the back wall at 
the desired height, and frequently bricks are 
removed or recesses chipped for the ends of the 
rafters to enter into, as in 248. Whon this wall 
plate is not built into ‘the wall, it may be bolted 
or nailed to it, or may rest on a projecting course 
of bricks built in for the purpose. Or another 
good method is to nail short lengths of hoop iron 
to the wood, leaving projecting ends of the iron, 
which can be built in between bricks as the 
wall is erected. With a wall plate securely 
attached the rafter ends are often not let into 
the wall, because it is always advisable to leave 
ends of timber exposed to the air as much 
cs possible to preserve it from decay and 
dampness. 

The section or scantling of the rafters will 
depend on their length, and ranges from 1} in. 
to 24 in. wide, by 3 in. to 6 in. dcep. On these 
the transverse strips or boards are nailed to 
take the roof covering. 

A simple roof of this kind is limited to spans 
which do not exceed 9 ft. or 10 ft., but (he same 
class of roof may be employed for considerably 
greater spans if suitably tied and braced. 

Fig. 248 shows how a horizontal beam may be 
introduced at the base of the roof, and, if desired, - 
a vertical post at the back, so making a rigid 
triangular frame which will exert no outward 
thrust on either wall, The dotted lines also 
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show how a brace or strut might be introduced 
to afford sup to the central part of the 
rafters, and if desirable a vertical tie might extend 
from there to the middle part of the horizontal 
beam. Generally, however, if the span be large 
enough to require this, the couple roof is adopted 
instead 


Function of Wall Plates. The purpose 
of wall plates is to distribute the weight of the 
roof uniformly on the wall instead of at intervals 
on the individual bricks upon which the rafters 
would otherwise have to bear. They are generally 
about 3 in. deep by 4} in. wide, or in large roofs 
6 in. by 9 in. They are generally spiked on the 
wall flush with the inner face, to avoid increasing 
the span. Sometimes two wall plates are used 

rallel with each other with a space between. 

en the lower ends of the rafters project over 
the wall it is sometimes nece to have the 
wall plate flush with the front, as in 244, and notch 
the rafters on to it. Another method is shown 
in 245. Often in large roofs the wall plate is not 
continuous, but short plates, or templets, as they 
are called, are inserted for the roof trusses to 
rest on, the rafters themselves bearing on a pole 
plate, which will be described later. These 
templets are about 30 in. long and sometimes 
are of stone or metal instead of wood. The 
usual form of joint for wall plates, when it is 
necessary to join timbers end to end, is that 
shown in 246. 

The Couple Roof. The couple roof [247] 
reduces the | h of the rafters by one half, and 
consequently increases their strength, thus 
enabling a larger span to be bridged without 
increasing the section of the rafters. The weak 
feature in such a roof is that its weight does not 
bear vertically on the walls but tends to thrust 
them apart ; and as it is easy to modify ite form 
so that all, or a great deal, of this outward 
thrust is preven the simple form in 247 
is seldom employed for much larger spans than 
the lean-to roof, tnless the walls are low or are 
thickened or buttressed to withstand it. As 
far as the strength of the rafters themselves 
is concerned, 12 ft. may be regarded as the 
maximum span for which this roof is suitable. 

The Collar Roof. It may be strengthened 
and made suitable for larger spans by connecting 
the opposite rafters with a collar, as dotted in 
247, which acts either as a brace or a tie to the 
rafters according to whether their lower ends are 
rigidly fixed or free to spread. It is called a 
collar roof and would usually be adopted for 
spans between about 10 ft. and 14 ft. A short 
collar immediately under the ridge plate, as 
shown dotted in , algo adds to the strength 
of any roof of this kind. 

Iu collar roofs the lower ends-of the rafters 


are birdsmouthed on to a wall plate and the 
top ends bevelled to bear against the ridge plate, 
which is placed between [ The function of 


the latter is to provide a straight and continuous 
ridge along the top of the roof. Fig. 240 shows an 
alternative method. The rafters are nailed at 


their ends to the wall and lates. The 
collar may be either nailed or by a bolt 
to the rafters. Sometimes the joint is made more 
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secure by halving the parts together, generall 
with a Cavett Ralving, but this is hare ad. 
visable because it weakens the rafter at a point 
where it needs to be as strong as possible. In 
the ordinary collar roof the position of the collar 
is half way down the rafters. The lower the 
collar is placed, the less outward thrust the ends 
of the rafters can exert, and when placed abso- 
lutely at the base, as in 250, it ties them com- 
pletely. 

The Couple Close Roof. The roof 
is not then called a collar roof, but a couple close 
roof, because it has two slopes closed by a tie 
at the base. In this form, unless a collar be 
added as well, the middle portion of the rafters 
loses the support which the collar would afford ; 
but the main reason why a collar half-way up 
is used, if possible, in preference to a tie beam 
at the base is that the latter in a low building 
is often too much in the way or too unsightly. 
It also, of course, consumes more material and 
adds to the weight of the roof, for although the 
tie beam is in tension, it is ne to make it 
of considerable depth to prevent sagging in the 
middle, and the greater its length the greater 
must its depth be. 

In either of these roofs it is not essential that 
every pair of rafters should be tied. The con- 
nections may be only at alternate ones, or at 
longer intervals. In some cases the wall plates 
instead of the raftera may be tied. Fig. 251 
shows wall plates tied by iron rods, and some 
intermediate rafters resting on purlins which are 
supported by collars at intervals. When the 
wood tie beam is employed it forms the base on 
which the lower ends of the rafters rest, and it 
extends several inches beyond the rafters at each 
end, so that a suitable joint can be made between 
them. The forms of joint generally employed 
were shown in 168 to 171 [page 4043], but the 
methods of holding it together vary with the 
size of the timbers. Further examples of these 
joints and fastenings are shown in 252 to 257. 
Sometimes the apts are halved together, but 
@ joint in which the rafters bear their entire 
section on top of the beam is best. When the 
rafter bears on the tie beam within the imner 
face of the wall, a stub tenon (170, page 4043], 
with ite front at right angles to the body of 
the rafter, and tapering to nothing at the 
back, is generally most satief because 
very little material is cut from the tie beam. 
If the rafter bears immediately over the wall, 
as it always should do if possible, a stronger 
joint can be made by cutting more from the 

, which is then better able to with- 
stand the consequent weakening. A bridle 
joint [167 and 256] is sometimes preferred to a 
tenon, but it weakens the beam more than the 
latter and does not transfer the lost strength to 
any other part. Its only advantage is that there 
are no hiiden parts which may not be in 
contact and taking their share of the stress. 

The ends of the tie beam aah pera & 
bearing of about 9 in. on eac wall, and it is 
prevented from moving by being 

owelled on to the 


either , 
or d wall In 
smail roofs it is customary only to rll pg 
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241. Lean-te roof 242. Rirdemouth joint 243. Lean-to with tie beam 244 and 245, Rafters notched over wall 
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250. Ilustration of principle of king truss 
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it. A cogged joint was shown in 177 [page 4043}. 
The thickness of rafters and tie beam are usually 
the same, but the depth of the latter is generally 
oe because it is longer. If it acts as a joist 
or supporting a ceiling as well as being a tie 
beam for the rafters, then its depth must be 
increased accordingly. The rafters range from 
3 in. to 6in. in depth according to the size 
of the roof; 8 ft. is reckoned about the average 
sirn ies over which they can be allowed to extend 
without intermediate support, and their section 
then should be about 5 in. by 2in. Fora span 
of 12 ft. without intermediate support, which is 
the most that can be attempted with economy, 
their section should be about 7 in. by 2 in. or 
6 in. by 3 in. 

The King Bolt. In roofs of ordina 
slope, which is about 30 deg. with the horizontal, 
the tie beam is the longest member and the first 
to need support at the centre. From 10 ft. to 
12 ft. without surrey is generally considered as 
much as is advisable, but this is frequently ex- 
ceeded in roofs where the total span is only a few 
feet more. When the span exceeds about 15 ft., 
the simple couple close type is abandoned and a 
vertical tie introduced connecting the ridge of 
the roof with the horizontal tie, as shown dotted 
in 250. This prevents the horizontal from sag- 
ging in the middle, and leaves the weakest part 
of the frame theff at the middle of each rafter. 
This is suitable for spans of as much as 18 ft., 
but beyond that the rafters need bracing and 
the king post truss is introduced. 

The King Post Truese. For spans of 
more than about 18 ft., what is known as the 
king post truss [258] is employed, and this is so 
satisfactory an improvement on the preceding 
types that it is suitable for any spans up to 30 ft. 
In this the tie beam is supported in the middle 
by a vertical tie called the king post, and the 
rafters are supported in their middle by struts 
or braces from the base of the king post. It is 
obvious that this makes a very rigid frame, but 
the reason why that arrangement is best is not 
so apparent until the part which each member 
plays 1s considered. It would scarcely be sup- 
posed, at first that the vertical member, or king 
post, was subjected only to tensional stress, 
ye it is a fact that it is entirely in tension. 

e diagonal struts, on the other hand, are 
entirely in compression. Of the outside frame 
members the horizontal beam is in tension and 
the rafters in compression, as in the previous 
forms described. The stress on the rafters, 
however, tends to bend and break them inwards, 
and consequently, as with the tie beam, their 
depth must be greater than their thickness. The 
struts, being subjected to compression with no 
definite transverse strain, will bend accordi 
to the direction of their least dimension, and 
consequently should be made as nearly as possible 
square in section, and not less either way than 

th of their length. As iagia are seldom em- 
ployed on the struts, it is often best in large 
trusses to make them less in thickness than the 

and rafters, thus saving material and weight 
in the roof without loss of strength. 

To demonstrate graphically how the middle of 


4250 


the beam and the middle of each rafter receiver 
support from the internal members of the tri- 
angular frame, we will suppose, as in 2598, a 
chain substituted, for the rigid king post, and the 
beam and struts separated from the rafters, the 
latter being prevented from spreading at their 
base, and acting as a tripod in supporting a 
weight. It is then apparent how the vertical 
tie supports the béam and the struts the rafters. 
In practice, of course, a ehain is never used, but 
either a wood post or an iron rod. | 

All the parts of the king post truss, with the 
exception, sometimes, of the struts, are generally 
made of uniform thickness because flat iron straps 
can then be bolted on the surface to hold joints 
together. This thickness ranges from about 
3 in. for a small span of 18 ft. or 20 ft., to 5in. 
for a span of 30 ft. In their other dimensions 
the members vary. 

Rafters. The rafters cmployed in the 
composition of the king post truss are of larger 
dimensions than tho rafters previously alluded 
to, and of different character. In the smaller 
types of roof only one kind of rafter is required, 
but with the king post truss two kinds of rafters 
are introduced—the principal rafters and the 
common rafters. The common rafters are neces- 
sary in all roofs, and are of the dimensions already 
stated. The prmcipal rafters support the com- 
mon rafters in trussed roofs. The reason of 
this is that king post trusses cannot be formed 


under each pair of rafters without making the 
woodwork of the roof needlessly heavy and 
involving a lot of unnecessary work. King post 


trusses, therefore, are set on the walls at intervals 
of about 8 ft. or 10 ft apart, and are connected 
by transverse bars called purlins. At the apex 
they are connected by the ridge plate, which is 
let. mto the tops of the king poste, and at the base 
the tie beams are cogged on to the wall plates, 
and are also connected by a rail on top, of the 
same character as a purlin, but called a pole 
plate. This forms a framework [260] to which the 
common rafters can be attached, and which affords 
them ample support, so that they are not then 
required to carry a very great weight unaided. 
Sometimes trusses of different character alternate 
with each other, the heavier being used over 
buttressed portions of the walls, or to support 
heavier parts of the roof. The trusses are also 
known as the princtpals of the roof. The prin- 
cipal rafters are those which occur in the truss 
frames, and they have to be kept below the level 
of the common rafters because they carry the 
supports for the latter. Thoy range in depth 
from about 44 ip. to 12 in., according to tho 
size of the truss. 

King Post. Tie Beam, and Purlins. 
Owing to the peculiar shape of the king post, it 
is necessary to reduce it from a piece of timber 
measuring about twice the width of the ultimate 
size of the central part. The exact size of the 
enlarged ends is got by marking the bevels of 
the rafter and strut joints, keeping them as nearly 
as possible at right angles to the inclination of 
those members. The arrangement of the king 
post joints is shown in detail in 261. Iron straps 
are usually bolted across the joints to hold the 
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260. King roof before common rafters are put on 261. Details of King post foints 262. Joints of rafters and 
purlins . dOints in purlins 266. queen 267 and . Compound roofs 269 and 270. Roofs 
with sloping ties 271 and 272. King bolt connections 273, Roof supported by posts 
4251 


BUILDING 


members together, and the stirrup which SuEporte 
the tie beam is generally tightened by folding 
wedges through the post, as shown. Sometimes 
a bolt is inserted instead, as shown dotted in 258. 
In heavy timbers a cast-iron socket receives the 
base of the king post and the diagonal struts. 
The tie beam is given about } in. of camber to 
10 ft. of length. 

The purlins, or horizontal rails, on which the 
common rafters rest, are generally put immedi- 
ately over the tops of the struts, as in 258, and 
a3 there are only two struts in a king post truss, 
the purlins are consequently two in number 
also, occurring on the middle part of the rafters. 
At the top the common rafters are fitted and 
nailed to the ridge plate, and at the bottom 
another rail called a pole plate, is nailed on top of 
the tie beams or on the lower extremities of the 
principe: rafters (258 and 267]. On to this the 
ower ends of the common rafters are birds- 
mouthed and nailed. The purlins are notched or 
recessed } in. or so to fit over the principal rafters 
and nailed on, and further to prevent them from 
slipping or turning over under the downward pres- 
sure a block or cleat is fixed below for them to bear 
against [258]. Details of these joints are shown 
in 262. In ordinary work the cleats are usually 
merely nailed on the surface, without being 
fitted, as shown. Examples of end joints in pur- 
lins are shown in 2863 to 265. The common 
rafters are notched to fit the purlins. The stirrup. 
tightened by folding wedges [261], is the best 
method of connecting the king post and tie beam. 
The bolt [258] is suitable only for small trusses. 
To insert it, a hole has to be bored up the centre 
of the post, and a slot cut in one side to insert 
the nut, after which the opening is plugged. 

Heel straps [252 to 254], or a bolt [255 and 
258] are employed to hold the principal rafters 
to the tie beam. Sometimes the strap is put on 
at right angles to the inclination of the rafter, 
and so holds the joint directly together, and 
sometimes the angle is increased, as in 252, so 
that it acts as a tie to the thrust of the rafter. At 
the head of the king post a bolt is sometimes 
used, as dotted in 267, but more generally straps 
[258], or sometimes plates. The truss should be 
put together with the king post slightly short 
and the struts full to length. 


The Queen Post Truss. In spans of 
from 30 ft. to 45 ft., the beam and rafters are 
supported at two intermediate points in the 
length instead of at one only, and the arrange- 
ment of ties and braces for doing this is called 
a queen post truss (266). The middle, or king post, 
is abandoned, and two shorter ones, called 
queen ta, are introduced, one on each side, at 
some distance from the roof centre, thus sup- 
porting the tie beam in two places. These two 
posts are connected at their tops by a horizontal 
member, called a straining beam, and the junction 
of these affords support at one point for the 
rafters. It will be seen in 266 that the principal 
rafters end at this point, and do not continue to 
the top of the roof as in the king post truss. A 
strut from the base of each queen post affords 
support to the middle of each principal rafter, 
and the purlin over this point occurs about a 
third of the distance up the common rafter, the 
next purlin at the top of the queen post beina 
another third. The queen post joints do not 
differ essentially from those of the king post, 
except so far as the difference in arrangement 
requires it. As in the king post truss, it 
is convenient to have the members of similar 
thickness so that flat straps or plates can 
be bolted across the joints. A useful rule by 
which suitable thicknesses for any given span 
may be obtained is given in G. P. Allen’s 
“Practical Building Construction.” For a king 
post truss divide the span by 5, and call the 
quotient inches, which will be the thickness of 
the truss. For a wo post truss, divide the 
span by 8, which will give the thickness in inches. 
Suitable dimensions, both thickness and depth, 
are given in the table on preceding page. 

Compound Roof Trusses. For spans 
of more than 45 ft., compound trusses are em- 
ployed, consisting of a combination of king and 
queen post trusses, and as many additional 
vertical ties with corresponding struts as may 
be required. There is no limit to the extent to 
which this may be carried, but in practice the 
horizontal tie beam is generally abandoned for 
other forms of truss, or the roof is broken up in 
a number of slopes, receiving support from below 
by pillars or walls when the area covered is very 
great. When the queen post alone is not 
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TIMBER WORK IN ROOFS 


274. Sawtooth roof 275. Mansard 


280, Arched roof 


sufficient, a king post is frequently inserted as 
well, either as in 267, or between the roof ridge 
and the straining beam, as dotted in 268, using 
a pair of strute from its base if desirable. The 
next step in a compound roof is to introduce 
another pair of posts outside the queen posts 
[267], also using struta from their base if required. 
Other posts or vertical ties may be employed. 
Trussed Members. Purlins, ridges, or 
rafters may be trussed as an alternative to 
supporting them at frequent intervals, or to 
making them of sufficiently large section to 
exten gd ssl ai be intermediate 
su 3 e ordinar ing or queen t 
rel may then either he dispensed vith 
entirely, or placed at great distances apart. 
Purlins are often trussed when the distance from 
wall to wall is hardly sufficient to justify the use 
of & transverse truss midway between. Rafters 
are not often trussed, because they are 80 
numerous, and supports are sana cemayaarany 
Ridges require it 0 et Pg ong spans. 
mlb ‘s the Tie Beam: The 
horizontal tie beam at the base of roof trusses is 
regarded more or less as a necessary evil. The 
one great point in its favour is that it ties the roof 
base and relieves the walls of lateral strain. The 
objections to it are that it obstructs a ie deal 
of space in the interior of buildings, thus often 
making it necessary to build higher walls; while 
in very large spans it becomes economically, if 


276 and 277. Details of joints 
281 and 282, Timbers for atch 


278. Hipped roof 


279. Trimming 
283, Hamme) beam 


not practically, impossible, because of the enor- 
mous weight of maternal necessary to form 
trusses of the required strength. The horizontal 
tie beam, therefore, which is the main element of 
the triangular-shaped truss, is often discarded, 
even in small spans, for ties which slope upward, 
268 being a common example In some of the 
early wood roofs similar methods were adopted, 
but such ties are now usually of iron. Horizon- 
tal ties of iron are also often employed instead 
of the wood beam, but when ceiling joists have 
to be attached to the under surface, the wood 
beam is more convenient. 

In 269 a collar is employed to impart rigidity 
to the rafters, and to its central the tie rod 
is bolted In 270 a king bolt is employed to 
support the tie rod and two struts, thus making 
@ stronger truss suitable for larger spans than 
260. Figs. 271 and 272 show methods of 
employing iron king bolts mstead of wood posts. 
Fig. 278 shows an arrangement for another kind 
of roof supported by posts instead of walls ; 
274 is an example of a sawtooth or weaving-shed 
roof. The last, however, are generally con- 
structed entirely of iron. They are commonly 
employed for factories, and are arranged in a 
series instead of one span over the building. The 
Jong part of the slope is slated, and the short, 

part fitted with glass and facing the north 
so that the interior of the building gets a steady 
light without sunshine. 
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The Mansard or Curb Roof. The 
mansord or curb roof [275] is a peculiar form of 
roof often employed, sy gen for dwelling- 
houses. In this case the horizontal tie beam at 
the base is retained, but the space above it 
utilised. In ordinary direct sloped roofs the 
space above, although large, would not be of 
much value for rooms because of the sharp slope 
of the sides. In the mansard roof this is over- 
come by making the sides nearly vertical for 
some distance up, and then avoiding a very 
high and acute roof ridge by altering the angle to 
a very low one. In large spans the king post 
truss 1s employed for the upper part, with posts 
and struts at the onds between the upper and 
lower tie beams. Fig. 276 shows a method of 
joggling a strut to a beam, often adopted in 
the mansard roof. Fig. 277 shows another 
method of arranging the rafter and strut in a 
mansard, so that instead of the slates meeting 
where the angle changes, there is a drop from 
one slope to the other. In small spans there is 
no king truss in the upper part, but the rafters 
are tied by a collar. 

Hipped Roofs. Hipped roofs [278] are 
very common, and considerably complicate the 
atl papel work. Instead of having a vertical or 
gable end from which to begin the line of rafters, 
the roof is sloped at the ends as well as the sides 
of the building, and the rafters have to to 
arranged accordingly. This necessitates a stout 
diagonal rafter, called a -hip rafter, from each 
corner of the walls to the end of the ridge plate, 
and the common rafters have to be cut to the 
correct length and angle to meet this, as shown in 
278. <A valley, also shown in 278, is the reverse 
of a hip, and is also frequently necessary. In 
small roofs what are known a3 a dragon beam and 
an angle brace are employed to prevent the out- 
ward thrust of the hip rafter from acting directly 
on the corner of the building. The arrangement 1s 
roughly shown in 278. The angle brace bridges 
across the corner at some distance back from 
where the walls meet, and is potent attached 
to the wall plates. The ends of the wall plates are 
half lapped, and the short dragon beam is notched 
over this and extends back, and is tusk tenoned 
into the middle of the angle brace. The base 
of the hip rafter is notched and stub tenoned into 
the dragon beam. In Jarge roofs the hip rafter is 
trussed instead of a dragon beam being employed. 

Trimming. Where chimneys, skylights, 
dormer windows, or other openings in a roof 
occur it is generally necessary to trim the rafters 
in order to leave sufficient open space. As it is 
very seldom that entire rafters can be omitted, it 
is necessary to provide support for the ends 
where a portion of their length has been re- 
moved. This is called trimming, and the trans- 
verse piece that ne he the ends is called a 
trimmer. Occasionally the opening can be made 
immediately above or below a purlin, or 
between two purlins. But the usual method is 
shown in 279. The trimmers are tusk tenoned 
between two rafters, which are generally 4 in. 
thicker than the others, and are called trimming 
rafters. The ends of the intervening rafters that 


have been trimmed are tusk tenoned or notched 
into the trimmers, which are of the same section 
as the two trimming rafters. A frame of the 
desired size is thus provided in the roof surface 
without any rafters crossing it. 

Other Varieties of Wood Roof. 
Among types of roof without horizontal tie 
beams there are several that have been popular 
when wood was the only material available, but 
in most of them either an enormous amount of 
work is involved or strength is sacrificed to 
appearance ; besides which, the walls often had 
to be made much thicker to sustain them than. 
is the custom at present. It is obvious that 
an arched construction hke 280 needs no tie 
at all to enable it to support itself and to 
exert no outward pressure at its base. As the 
only way of forming curves of great length in 
wood is to build them of a great number of pieces 
breaking jomt with each other, that method has 
been adopted to form arched roofs of timber. 
The two most popular varieties of this kind have 
been built of timbers jomed as in 281 and 282; 
but outside of these straight slopes have been 
required to stiffen the curved interior and to 
carry the roof covering. There are also numerous 
arrangements adopted in temporary centring for 
arches that are suitable for roofs. 

Another variety of roof without a tie at the 
base is known as the hammer beam [283]. It is 
best suited for high-pitched roofs of not very 
great span. It throws considerable strain on the 
walls, which must be made thick enough to 
withstand it. Wood roofs without tie beams, 
however, are exceptional, because they can be 
better and more cheaply built of iron. In very 
large spans also wood cannot compete with iron. 
The principle on which such roofs are built is 
that of the arched girder strengthened by tie rods, 
and there 1s usually no carpentry about them. 

Domical, conical, and polygonal roofs are 
occasionally required, and form very light and 
strong structures. Their rafters or ribs meet 
at a common centre at the apex, and radiate 
outwards and downwards to the wall plate, 
which extends entirely round the top of the 
wall, Shorter rafters may be employed be- 
tween as the circumference increases, and 
transverse ribs or purlins where necessary. 
Interior ties and braces are often adopted, but in 
small roofs are not necessary. A domical roof 
requires curved or arched ribs, and when these are 
of wood they are mada in the same way as 281, 
and the outer and inner edges cut to the sweep. 

Drips, Falle, and Gutters. Some amount 
of woodwork is generally necessary on which to 
lay lead or attach gutters for carrying off water. 
For the details of this the carpenter is generally 
dependent on the plumber’s instructions. In 
roofs with overhanging rafters, as in 258, 266, 
and 268, a fascia board is generally attached to 
carry a cast-iron gutter. In parapet and M-roofs, 
flat or box gutter lined with lead is generally 
used, and to carry this, horizontal bearers are 
attached to the rafters or to the pole plate, as 
in 267, and boarded over to lay the lead on, a 
slight slope being given to the gutter lengthwise. 


Continued 


£254 


‘ 


HOW TO DRESS & BE HEALTHY ueaima 


Healthy Skin and Ideal Clothing. Cleansing of the Skin and Hair. 
The Best Dress fot Men and Women 


Baths. Clothing Materials. 


By Dr. A. T. 


jt is unfortunately too generally true that 

cleanliness in clothes decreases as we near 
the skin. The collar and cuffs are frequently 
changed, the shirt not so often, the vest more 
seldom still, and the skin only thoroughly 
washed perhaps once a fortnight, and some- 
tines not even then! The modern system of 
large baths in even small houses is an incal- 
culable boon for the middle classes, while the 
public baths in most towns are so well appointed 
and managed as to bring cleanliness within the 
reach of all. 

Impurities of the SKin. There are at 
least three impurities needing constant removal 
—the dried-up scarf skin of dead epidermal cells 
constantly being produced on the surface of the 

, the continual secretion of oil and water 
from the glands and pores all over the surface, 
and the dirt which inevitably settles on the skin. 


Labouring men and porters, who stand much in 
need of baths and washing, have often more 
healthy skins than clerks people in business. 


The reason of this is that they perspire frequently 
and excessively, and thus a good deal of the effete 
matter is washed away by a natural process. 
No cloth clothes or a A ale that cannot 
be washed should ever be worn next the skin. 
They should be changed at least every week. 
The skin requires, however, often something 
more than merely to be kept clean. If it is at 
all delicate the face is apt at times to become 
hard and dry, wrinkled, spotted, or otherwise 
disfi often from preventable causes. 
The best lotion or wash for a tender skin is 
Te ratn-water, pure soft water, boiled water, 
istilled water, or artificial soft water, which 
can be made in any town where only hard 
water is laid on by putting at night in the 
ewer so much of Maignen’s “ Anti-Calcaire’’ as 
halfpenny. In the morning, the 
ured off the sediment will be 
y soft and fit for the most 
or women no soap should be 
used for the face but pure curd soap, and, for 
delicate skins, prepared oatmeal, and, once a 
week, very hot water and a little curd soap. 
The worst thing for the face is hard water, and 
tar, carbolic, or strong yellow soap. Another 
way of making the skin of the face coarse and 
pimply is to use face powder. 
he Turkish Bath. The Turkish bath, a 
beautifier of the skin, is imported from the 
and in its English form is most safe and 
useful, Besides being by far the most effectual 
pore opener that we have, it is a 
restorative and tonic of the highest 
velue. On beain-workers and residents in towns 
it confers the highest benefits. Taken weekly 
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or fortnightly, it will be found beneficial in 
every way. There are somo cases, however, 
in which it is dangerous, and medical advice 
should be first sought by anyone who intends 
to take it. 

Cleanliness and Cheerfulness. 
Another result of the inaction of the skin which 
is very common is disease of the lungs, liver and 
kidneys. With aclean and healthy skin, the spirit 
is cheerful, the food is enjoyed and easily digested, 
exercise is a delight, the mind is calm, sleep 
quiet, and, in addition, there is a genera! moral 
elevation of the whole man. Drunkenness is 
rare amongst cleanly people. 

How, then, is the skin best kept clean? First 
of all, by washing the oy. This should be done 
every day with water, and once a week with soup. 
Sweeps, scavengers, sewer men, dustmen, many 
labourers, stokers, and blacksmiths get so dirt 
that it is necessary they should wash well all 
exposed parts at night with soap. In summer, 
water that has been standing in the room al] 
night is quite warm enough to use. 

dness is much more common amongst young 
men than women, and amongst the upper than 
the lower classes. This is partly due to the false 
idea that continual bathing of the head and brueh- 
mg with hard brushes is good for the hair, and 
partly to the use of the tall silk hat. which is the 
worst enemy for the head ever devised. People 
are seldom bald excepting on that part which is 
siege of Ape brim of ue hat. It is not 
gene own that water does not mote 
the growth of the hair, but, on the ig 
injures it if too constantly applied Under 
ordinary circumstances a man’s head should 
not be washed oftener than once a week, and a 
woman’s once in three weeks. 

The Effects of a Cold Bath. Cold 
baths have a temperature of from 60° to 65°. 
They first of all drive the blood to the heart, 
thus greatly stimulating it and quickening toe 
circulation ; then the blood rushes back to the 
skin, producing a violent reaction. A cold bath 
firet come t ‘che con and pi ee 

e system. slight congestion e F 
liver, and brain it is very good when the reaction 
is brisk—not otherwise. chronic joint disease 
the cold douche is very valuable. In bathing 
it is bad to stand im cold water up to the middle 
srl halt of the boa I payin 
upper ha © y. sually a person 
should not dress until the warm glow comes. 


A coo! bath, from 70° to 75°, is a great luxury 
in hot weather. The body should be dry-rubbed 
all over with a towel before enteri water. 


There is a gradual loss of heat for a while, 
followed by « renewed sense of vigour. A tepid 
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bath is another 10° hetter—80° to 65°—and, used 
in winter, is the same as a cool bath in summer. 

A warm bath, from 90° to 95°, has a different 
effect altogether. It allays all pain and irrita- 
tion, draws the blood towards the surface of 
the body, is a great sedative after fatigue, and 
a seta substitute for want of sleep. After 
travelling or exposure to the east wind it is very 
agreeable. It does good at the beginning of a 
cold, after illness, and after brain irritation. It 
is the bath for cleansing with soap and a flesh 
brush or flannel ; it is good for aged people, and 
should be taken at any rate once a week, lasting 
from twenty minutes to half an hour, but not 
immediately after a meal. 

The Ideal Bath. A hot bath, 100° to 105°, 
is a great stimulant of the system, but after a short 
time it rapidly exhausts the heart. It quickly 
relieves severe congestion of internal organs. After 
a hot bath, brisk exercise in the open air does not 
givecold. One of the most delicious combinations 
possible is to have a cold sponge after a hot bath. 

If a bath at home is impracticable, there still 
remain the public baths. These are of three 
sorts—the plunge bath, the swimming bath, and 
the Turkish bath. 

The plunge bath is for washing rather than 
for bathing, and, well filled with hot water, forms 
on the Saturday night an admirable conclusion 
to the week’s toil. A cold shower bath is 
nearly always provided, and if taken at the 
end, and followed by a brisk rubbing with well- 
aired towels, is proof against catching cold on the 
way home. The swimming bath, regarded as 
still a luxury, will, we trust, soon be thought as 
much a necessity in every town and village as 
in the old Roman days. Of course, it may be 
abused. Boys or girls may remain in it too long, 
till they are blue and shivering; or silly and 
dangerous feats of strength and endurance may 
be attempted, resulting in some strain. 

What to Wear. The purpose of clothes, 
from a sanitary point of view, is to cover the 
body so as to preserve it from feeling external 
changes of temperature, and to afford a general 
protection to the skin from wet and injury, as 
well as for adornment. In the present instance 
we are chiefly concerned with questions of 
warmth and protection. 

Let us consider the essential qualities of a 
good clothing material, and then review those 
that are used and see which comes nearest to the 
standard with regard to warmth. A common 
idea is that clothes warm us. This they never 
do, of whatever material they may be made. 
It is we who warm them, just as we also warm 
our beds. The fact is, our bodies are exactly the 
right heat as they are. without any clothes, and 
if the temperature of the air were always about 
90°, we should require no clothing for sanitary 
reasons ; but as it is not, we want a material to 
isulate us from surrounding influences. 


To be perfect, clothing material worn next to 
the skin should possess retin, barpuan It 
should be a bad conductor of heat—that is to say, 
it should allow heat to very slowly through it 
in either direction, effect of this is that in 


summer, when the sun is hot, it does not allow 


its heat to permeate through and warm out 
bodies too much; while in winter, when it is 
cold, it does not allow the heat of the body tc 
escape and be lost. Such material we call cool 
in summer, and warm in winter. 

The Qualities of Good Clothing. In 
the next Lape such a material should be porous ; 
it should absorb moisture, and at the same 
time allow the exhalation of the body freely 
to escape, be comfortable, and not too heavy 
or inflammable. We will, therefore, examine it 
as to eight main points. 

1. ConpuctTiIOoN or Heat. What is wanted, 
seeing that our bodies themselves are kept the 
tight heat by the blood, is isolation or non- 
conduction. When the externa] temperature is 
lower than blood heat (984°) a non-conduct- 
ing material keeps us warm. When it is above 
984°, which is rare, a conducting material is 
warmer. Wool is the worst conductor, then fur, 
feathers, silk, cotton and flax. Flax is twice as 
good a conductor as wool, and hence has half the 
warmth. That is why ice is kept in flannel, and 
wool is used for tea-cosies and kettle-holders. 
Colour affects warmth by conduction. Black 
absorbs twice as much heat rays as white, then 
dark blue, blue, red, green, yellow. Hence 
white flannels in summer and coloured in winter 
are worn for games. 

2. ABSORPTION OF WATER, OR HyGRosoopy. 
Wool here leads with 170 parts of water as 
maximum, and a minimum of 110; then come 
silk, cotton and flax, with a maximum of 75, and 
a minimum of 41. Wool being most hygroscopic, 
is badly adapted for outer garments exposed to 
the wet, as it gets intolerably heavy when soaked ; 
thus, a waterproof is better than an ulster. 

3. Evaporation of Water. This is a very 
dangerous process in clothing, as it lowers the 
temperature rapidly ; hence materials such as 
cotton, from which water evaporates quickly, are 
cold. Wool, on the contrary, has slow evaporation. 

4, Porosity (to air). Wool comes first, with 
10, cotton 6, linen 6, wash-leather 5, silk 4, 
waterproof 0. 

5. IMPERMEABILITY (to wind and water). The 
order here is fur, wool, silk, cotton, flax. 

6. INFLAMMABILITY. Wool leads, then follow 
silk, linen, cotton. : 

7. ABSORPTION OF Opours. Wool absorbs most. 

8. Exzorpic Quatitizs. Wool generates cur- 
rents and allows body currents to pee 5 then 
come, in order of their electric qualities, silk, 
wool, flax, cotton. 

The Best Clothing Material. The best 
clothing material, therefore, is that which is the 
worst conductor, hygroscopic, with slow evapora- 
tion, most porous,’ impermeable, least inflam- 
mable, and with electric qualities, 

Only one material—as, indeed, is now becoming 
well known—falfils these conditions, and that 
is the natural covering of the sheep—wool. 
When properly manufactured, woollen garments 
are the most comfortable to wear next the skin ; 
hence wool is now used as the material in making 
an immenge variety of clothes. One sort of vest 
suitable for summer is like a fishing net, with 
meshes } in. wide. Another is knitted like « 


stocking, of varying thickness and fineness; it 
shrinks little and wears well. Ordinary flannel 
is a third sort, and may be had of any thickness 
or finengss. An inner garment should always 
be rather loose in fit and in texture, thus en- 
suring warmth and sanitation. Again, wool is the 
lightest material for clothing in proportion to 
the warmth it gives when dry, and thus for every 
reason it is the best for underclothing. 

The same amount of clothing in separate layers 
gives more warmth than in one—that is to say, 
two thin jerseys are warmer than two thick ones. 
This is in virtue of the air between the two. 

At night, except for quite young children, 
linen o1 cotton forms a better dress and more 
soothing to the skin than wool, the bedclothes 
making a sufficient protection against cold. 

Wool is rough, heavy, dirty, shrinks, absorbs 
odours, and is expensive. Now, roughness is a 
real advantage in all sedentary occupations when 
the skin is sluggish ; on the other hand, woollen 
cloths are now woven almost as smooth as 
silk. It is not strictly correct to regard flannel 
as heavy, for wool is the lightest for the same 
amount of warmth. It does not show dirt readily, 
and is thus considered dirty. Shrinkage is 
the most serious drawback, but can be avoided 
by the use of distilled wate: and a purely neutral 
soap (with no free alkali whatever). Woollen 
articles can be boiled, and by this process alone 
disinfected, for 15 minutes without damage. In 
ordinary water and soap they are cither utterly 
destroyed or made like a board. There can be 
no doubt that on the whole the advantages of 
wool far outweigh its disadvantages. 

Various Clothing Materials. Fur 
forms an invaluable article of clothing, being abso- 
lutely impermeable and a bad conductor of heat. 
It is such an absolute protector that great care 
is required in its use. Leather is admirable for 
motoring and all rough, exposed work. Feathers 
form light and warm articles of clothing owing 
to the amount of air they retain. 

Silk is three times as strong as flax, and furms 
a most delicate and useful material for under- 
clothing as well as dresses. It ranks in most of 
its good qualities next to wvol, and surpasses it 
in its smoothness and electric qualities, but is 
most expensive. China silk conteins no silk, but 
is China grass. 

Cottun is made into every conceivable article 
of clothing. Under the name of flannelette, a 
pure cotton cloth is made to resemble flannel by 
raising the surface, so that it can absorb more 
air and give a warm feeling. Cotton is most 
inflammable. 

Flax can be spun into linen almost as fine as 
silk, and cloth of every sort of fabric can be made, 
from the most delicatc muplin to ships’ sails. 

Cotton and linen are both good conductors of 
heat, though linen is the better. Comparative 
power in losing heat is seen in the fact that while 
woollen fabric heated to 150 deg. loses 10 deg. 
in 12} minutes, cotton loses the same amount 
in 94 minutes, and linen in 7} minutes. The 
advantages of linen and cotton are that they are 
easily washed, are soothing to the skin, and are 
white, which wool never is; but they do not absorb 
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water. The result is that they are cold, even on 
hot days, as they leave the perspiration on the 
wet skin, instead of drawing 1t off into the cloth. 

Paper may hardly be considered as a clothing 
material; but it is of great value to the poor 
as a covering for beds, etc., and worn under 
the clothes, being a great non-conductor of 
heat, and thus very warm. It is also inexpen- 
sive, though not nearly so much used as it might 
be. The wearing of paper spread over the chest 
and buttoned under the coat answers the purpose 
of an overcoat. It makes a capital extra lining 
for boots, waistcoats, etc. 


Dress for Men. With men, clothing is 
fairly rational and sanitary, and even among 
women, as we shall see, such advances in a 
right direction have beon made that the strong 
language used against their dress by health 
reformers some years ago is now quite out of place. 

The head is the only part of the body 
naturally clothed. and save for cleanliness needs 
no other covering. Indeed, it is far better 
bare than crowned with the chimneoy-pot hat. 
A tight-fitting tall hat is often really dangerous 
owing to the compression of the temporal 
arteries. All head coverings should be light and 
well ventilated. The ordinary hat weighs more 
than twice as much as a proper head-covering 
need do, while the want of ventilation produces a 
great and undue susceptibility to cold. An 
ordinary cap, a soft felt hat, a fur cap in extreme 
cold are all senstblo head coverings devoid of 
danger. In summer a straw hat is admirable, 
and is both xtremely light and well-ventilated. 

The neck should be but lightly covered, and 
left free of all constrictions, for mufflers and 
neck wraps are frequent causes of cold and 
bronchitis. A beard is, of cours, a great pro- 
tection, unless it happens to be frequently wet 
and imperfectly dried. 

Men’s Good Sense in Dress. With 
regard to the body, the ordinary dress worn 
by men fairly fulfils the requirements of health. 
It is not picturesque, as a rule, but it is 
suited to our climate. The knitted woollen 
vest with long sleeves is a capital garment, 
also a knitted belt round the body as a pro- 
tection against liver chills; so is the outer 
jersey or guernsey of sailors and fishermen. 
The coat and waistcoat of civilised life is a 
sensible attire for a variable climate, for if vory 
cold the coat can be buttoned up, if warmer 
it can be left open, if hot it can be dis- 
carded altogether. Braces should always be used 
in preference to tight belts. It may be taken 
for granted that any garment that compresses 
any part of the body is harmful. Tho habit 
that working men have of tightly buckling a 
belt round the waist when hard at work is 
most injurious, and may lead to serious strains. 
No garters should be worn on the legs. Men’s 
boots are, as a rule, sensible; only, the boot of 
the countryman is generally as unyielding as if 
made of cast iron, rendering ectly useless 
all the elaborate musoles of the foot. A proper 
boot should follow the natural shape of the foot, 
should be elastic in the waist and sole, and have 
broad, low heels. 
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Bright-coloured socks or stockings should 
always be avoided, as even now they too often 
contain poisonous dyes. Leather leggings and 
puttees are better than waterproof coverings. 

How a Woman Should Dress. The 
chief errors which occur in women’s clothes are 
the results of the vagaries of fashion. In one or two 
respects even ordinary clothing greatly errs, but 
it is undoubtedly in fashionable dress that the 
greatest danger lies. Garments cut on health lines 
only are confessedly absurd ; for, after all, clothes 
have to fulfil many purposes, beauty being one 
of them. There are three great laws of hea'th 
that must be obeyed in the dress of women, 
and they are: No compression, no depression, no 
Oppression. 

During the last twenty years there has taken 
place a revolution of the most beneficial character 
m the‘whole arrangement of a woman’s under- 
wear. The numerous petticoats and underskirts 
long considered so essential, which yet were +0 
unhealthy and inconvenient, have well-nigh dis- 
appeared. 

Since the hair of women 1s more plentiful than 
that of men, the need for head covering is less ; 
hence, as a rule, their bonnets and hats are hight, 
and Jess protective 

With regard to the neck, a serious and common 
fault is to wear the collar of the dress far too 
tight. Another great tault is the very capricious 
way the neck is treated, at times thickly covered 
with fur boas and stoles, at others uncovered. 
When it is habitually left bare, the neck soon 
gets as hardy as the face. 

Over the under-garment should be worn a 
well-fitting, but not tight, flexible corset. The 
corset, made of flexible material, is a useful 
support to the yielding form of women, though 
an pone at evil to growing girls in hindering 
the growth of the muscles of the back and 
producing weakness and curvature in that region. 
To adults its great evil is not so much in its use 
as in its abuso. Corsets can be worn without 
tight-lacing. 

The Abuse of Corsets. Let a tape 
measure be passed round the narrowest part of 
the corset, and then round the narrowest part 
of the body when the corset has been removed. 
If the latter mcasure exceeds the first, the 
person undoubtedly laces tightly ; for, to say 
nothing of the thickness of the corset, which 
should therefore measure quite an inch more 
instead of less than the waist, some allowance 
should, strictly speaking, be made for breathing. 

Now, what are the real evils of compressing 
these lowe: ribs by corsets and thereby forming 
an artificially small waist ? In the first place, 
the particular pait of the body that has been 
selected for squeezing down to seventcen or 
eighteen inches is, unfo1tunately, the most im- 
portant in the body. If the staylace wound 
about this part could be drawn tight enough to 
pass through the body, it would pass clean 
through the stomach, liver, and spleen ; it would 
divide the bases of both lungs, and just miss the 
heart above and the kidneys below. It would 
divide the main blood-vessels and nerves of the 


body. It would also cut right across other organs, 
such as the pancreas and duodenum. Now, it isa 
literal fact that even a moderate amount of com- 
pression indents the liver with the shape of the 
ribs, produces shortness of breath, palpitation, 
and dyspepsia, while, if carried to excess, the 
ribs may be dislocated, the liver nearly cut in 
two, and the severest diseases set up. 

The natural size of a woman’s waist varies from 
24 in. to 26 in., and all the generations of tight 
lacing have not been able to make it smaller. 

Another evil is the use of heavy woollen skirts 
and underskirts tied round the waist, and hanging 
from it. The evil here is not compression, but 
depression of the internal organs. No strings 
should be fastened about the middle of the body. 
but a well-fitting bodice of some stout material 
should be worn over elastic corsets sufficiontl 
supplied with buttons for the suspension of all 
the lower garments. Care should be taken to 
see that the clothing is not too tight under the 
armpits, across the chest, or on the arms. 

Boots. As to boots, the modern French 
article is quite on a par with the Chinese 
boot. The only article worth calling a boot, 
and pretending to be a rational! covering for 
the foot, 1s one in which the instep or tread 
isas broad as the tread of the foot, and where 
the toe follows to some extent the natural 
outline. The gencral fault about boots is that 
they appear to be made for the hand rather 
than for the foot, for the longest part is in the 
middle. This is so with gloves and the hand, 
but in the case of the boot the longest part ix 
at the big toe, on the inner side, and only boots 
thus shaped are right. Most boots also are too 
small ; yet it must be remembered that when the 
weight of the body is pressed on the foot as in 
walking, it increases one-twelfth in length and 
one-eighth in breadth. Some square-toed boots 
are, however, even greater delusions in their way 
than pointed toes, as the former may be very 
square at the end and yet too narrow higher up 
Tho great point is to see that the boot is as broad 
as the foot at the tread. The curve of the inner 
side should be very slight, and the heel of the 
boot must be low and broad to give comfort in 
walking. Attention to these matters, and the 
wearing of woollen stockings, will preserve the 
foot from chilblains, corns, and bunions. The 
waist of the boot, and the soles, as has been 
said before, should be perfectly flexible, any 
rigidity destroying the yatural spring of the foot. 

Dress and Good Taste. We urge 
our readers to choose their dress judiciously. 
and to be assured that it is far better tastc 
and far more impoitant to study quality 
than appearance. Let the hat be plain and 
serviceable enough to stand a shower. Let 
the dress be of good material and not too heavy 
or weighted down with useless flounces or trim- 
mings. Let the underclothing especially be of 
wool, loose and warm. Let the boots be strong 
and well shaped. Let everything be good of 
its kind. It is a matte: of regret that in this 
country so few dress plainly and according to 
their occupations. 
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BEFORE we proceed farther with tools which, 

though classed among cutting instruments, 
operate mostly by scraping, it will be desirable 
to consider the action of the scrape. 

Action of Scrapes. The difference be- 
tween a cutting and a scraping tool has been 
already explained thus—that the former has a 
very pronounced incisive or penetrating, wedge- 
like action, while the latter has not. If we look 
at a chisel [16], and then again at a common 
woodworker’s scrape {17}, the distinction is very 
apparent, the former cleaving the wood, getting 
well beneath the surface, the latter operating 
only to an infinitesimal degree below that sur- 
face. When the scrape is coerced, there is a very 
slight amount of penetrative action exerted, but 
it is so slight that any attempt to force the 
thick tool sensibly below the surface is in vain, 
and results only in the production of excessive 
friction and of heat. 

Fig. 18 is typical of the mode of application 
of most scraping turning tools used for metal, 
top rake being entirely absent, and a clearance 
ee only being given to prevent undue friction 
and heating. Similar angles are employed in the 
scraping tools employed by wood-turners. An 
exception to this is the woodworker’s scrape [17], 
in which there is actually a very slight amount of 
top rake imparted by the burnishing or sharpen- 
ing of the tool, the edge being just slightly turned 
up by that act, and forming, while it lasta, 
a& minute cutting edge. This is somewhat 
exaggerated in 17, but the penetrative power 
is not like that of the chisel, or plane iron 

The Value of the Scrape The advan- 
tage of the use of the scrapes for wood [17] and 
for metal [18] is that they are capuble of finishing 
surfaces very smoothly and very true. The first- 
named is used for smoothing simply, the second 
for both purposes. The wood scrape of the 
cabinet-maker effects a slight reduction in the 
surface of a cross-grained and curly piece of hard 
wood, veneer or otherwise, without tearing up the 
cross and curly grain as the plane would do. 
Having no penetrative power, it manifesta no 
tendency to follow the grain and tear it out, 
Hence it can be used in all directions of the grain 
with equal effect. The metal scrape in like man- 
ner removes the marks of the cutting tools and 
of the files by which material has been removed 
in bulk, and also permite a localisation of effort 
when absolute accuracy of surface is desired. 
The point of a scrape can be mace to operate 
over an exceedingly small area, whereas the 
action of a file or a cutting tool cannot be so 
concentrated. The most accurate results possible 
in hand work, therefore, are produced by scrap- 
ing; all the metal slides and take-up stripe in 
machine tools, engines and other mechanisms, 


and in surface plates and straightedges being so 
treated in the best work. Each of theso tools, 
therefore, the wood scrape and the metal scrape, 
though so extremely simple in themselves, are as 
absolutely indispensable as the more pretentious 
cutting tools which we have already enumerated. 
Thoy also figure largely in the kit of the orna- 
mental turner working in hard wood, bonc, and 
ivory. 

Scrapes for Wood. Examples of wood 
scrapes are shown in 20, comprising the inclusion 
of straight lines and of curves. They may be 
purchased, but cabinet-makers often cut them 
from old saw-blades. A couple of metal scrapes 
are shown 1n 21, the first for flat surfaces, handled 
like a file; the second for concave bearing 
brasses, operating by the curved edges. 

A group of scraping turning tools for wood, 
bone, and ivory is illustrated in 22. A is the round 
nose, B the diamond point, C and D the right 
and left hand side tools. The under side, or 
bevelled side, of each of these is seen, the tools 
being turned over for use. Succeeding tools are 
of smaller size, E, F, and G being of curved 
shapes for zarious curves, H and J cranked 
tools for internal straights and curves, while 
K is a parting tool. Several modifications of these 
types are used in ornamental turning for pro- 

ucing the more intricate forms. 

Scraping Tools for Metal. Tools which 
operate simply by scraping are employed 
largely by the metal-turncr and machine hand 
for broad: finishing of surfaces ; they obliterate 
the minute ridges left by the regular cutting 
tools. And they are also profiling tools, produc 
ing convex, concave, and other sections the exact 
counterparts of the too] shapes. Some common 
forms of these finishing tools are shown in 28. 
A is a plain, straight-nosed finishing tool ; B and 
C, convex and concave tools, for finishing 
hollows and heads ; D is a radius tool, for trim- 
ming the ends of work neatly to a curve. Tho 
circular tool, E. is used for large radii, the reduc- 
tion of the shank permitting easy access to 
undercut curves ; F' is employed for inside work. 
The parting or cutting-off tool, G, is of narrow 
section. It is a type which tends to dig in, 
owing to the absence of side feed, and top rake 
is therefore not advisable. The spring tool H is 
not suitable for accurate work, but it produces a 
fine finish, and does not tend to dig in. 

If the foregoing strict definition of scraping 
tools be adopted, they form an exceedingly 
numerous class. For to these belong not only the 
various scrapes pure and simple, but most of the 
milling cutters, the files, saws, and many of the 
cutters set in boring heads, some of the drills, the 
reamers, and rose bits—a very numerous family. 
But having stated these facts, we shall no longer 


4259 


MECHANICAL ENGINEERING 


follow a strict classification, but consider them 
all as belonging to the great group of cutters. 
This will be more convenient, being more in 
harmony with the variations that occur in tools 
of the same name and with the results which 
they produce. 

Milling Cutters. The employment of 
single, narrow-edged tools of the chisel type, 
described in the preceding article, for operating 
on broad surfaces would appear rather incon- 
gruous even to an observer who knew nothing 
about workshop practice. And it has, in fact, 
always been considered most unsatisfactory by 
engineers that a powerful machine often costing 
hundreds of pounds should be used to operate 
one little tool taking off a slice, say 4 in. wide. 
Many attempts have been made to remedy so 
anomalous a condition of things. But experience 
has proved that it is difficult to multiply single 
cutting tools on a machine unless the work is 
of a very simple and repetitive character. Hence, 
improvement has come in another way. Instcad 
of attempting to multiply these tools, the device 
is adopted of arranging a number of cutting 
edges in a circular form, and of operating them 
in rotation. Instead of taking off a narrow 
shaving of considerable depth, a broad but 
shallow cut is taken. These tools are termed 
milling cutters. The conditions of opcration are 
different in the two systems, but the final results 
are similar. The milling cutter is more eco- 
nomical, and is much better adapted for some 
classes of work than single-edged tools are. 

The milling cutters contain a large number 
of teeth arranged in circular form, each of which 
cuts in succession. The width may range from 
ith in. to 24 in., or even more, so that surfaces 
of any reasonable breadth are finished without any 
movement or feed of the cutters transversely. 
But the teeth are not precisely like those of 
common tools. The front or top faces are 
nearly, or quite, normal to the surface of the 
work, so that the action is Jess that of true cut- 
ting than that of scraping. But what is Jost in 
this way is more than gained by the multipli- 
cation of cutting edges and by the advantage 
of periods of rest. intervening, due to each cut- 
ting edge revolving in air before taking a second 
cut, which gives it time to cool off. 

Value of Milling Cutters. The cutting 
edges may be arranged round the periphery of 
a circle (edge mills), or on the face of a 
disc (face mills). They may occur in planes, 
or in any profiles, more or less irregular in 
contour. And one of the principal advantages 
derived from these cutters is due to the fact 
that they will produce irregular outlines, which 
cannot be nearly so well done by single-edged 
tools. They are immensely superior in this 
respect to any single tools, because the mill is 
made to the reverse form of the profile required, 
and thus finishes at once to shape. In form 
cutting also, outlines are produced which would 
be almost impossible of formation in any other 
machine. So immense is the development of mill- 
ing practice that in many shops from 25 per cent. 
to 650 per cent. of the work formerly done on 
reciprocating machines of the planer, shaper, 
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and slotter types is now executed by milling. 
In the cycle, sewing machine, and gun making in- 
dustries, in which regular forms are so common, 
these cutters are used more extensively than in 
general engineering. The essential principle is the 
substitution of a multitude of cutting edges 
for one only. As the milling cutter revolves 
each edge operates in succession on the work 
which is passed under or alongside of it, with 
the result that a larger quantity is removed in a 
given time than would be possible with a single- 
edged tool, and generally the surface cut is 
much smoother. While, further, the width 
which can be covered by the edge of a single 
tool is always narrow, that which can be covered 
by a mill is almost unlimited. The only limit to 
width is the difficulty of the prevention of vibra- 
ton in the mandrel or arbor which carries the 
milling cutter or cutters. A milling cutter can 
be driven twice or thrice as fast as a single cut- 
ting too) without getting hot. 

The present growth of the milling cutters 
would never have been achieved but for the 
emery wheel. The early cutters had their 
temper drawn as often as the teeth became dull 
or damaged, to permit of refiling, after which 
rehardening followed. This, with its inevitable 
concomitant of distortion, rendered accurate 
results impossible. Actually, fine finishing was 
not attempted with the corly cutters; they 
were used as roughing-out tools only or as 
preliminary to the subsequent corrections of the 
fitter or machinist. But when the emery wheel 
and its machines rendered the exact grinding 
of hardened cutters practicable, then the victory 
of the cutter became assured. 

Relieving. Another event in the history 
of the cutter which contributed greatly to its 
success was the backing-off or relveving of the 
teeth in such a way that the sectional form of 
the teeth was not altered by any number of 
regrindings. The backed-off cutter has a 
centre eccentric in relation to the cutter centre 
from which the tooth cwve is struck [24, A], 
so that whatever shape the tooth may present 
in profile is continued back over the width of the 
edge. Crinding. therefore, on the face, a, does 
not alter the form which will be milled, but only 
thins the tooth, and renders it weaker. The 
ordinary cutter (24, B] has no permanent pro- 
file, but is ground on the edge, a. This may be 
done to a definite outline, but is not nearly so 
simple a matter as the sharpening of the backed- 
off mill. Another advantage of the latter is 
that the teeth are much stronger, and able to 
take heavier cuts. Material help was afforded 
to the backed-off cutters by the invention of 
the relieving lathe, in which the tool slide of the 
rest receives & definite reciprocating motion for 
each tooth that is brought round and presented 
to it. All the teeth on a cutter are thus backed 
off alike, and rapidly, and so the labour of filing 
the clearance by hand is saved. Filing, more- 
over, would be a most difficult method of pro- 
ducing the profile. 

Variations in Design. The millin 
cutter has also grown with the machine until 
it has become a protean tool. It is made very 
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small and very large, with solid and with in- 
serted teeth, suitable for finishing or for slogging. 
The staggered and the inserted teeth both have 
this end in view. On the other hand, the spiral 
arrangement of the teeth of mills has been 
a great factor in producing smoothness of cut- 
ting. There is no rule for this practice, which 
goes over a wide range, from a moderate twist 
to a very great amount, especially in some 
of the French mills. The shearing cut produced 
lessens chatter, and chatter has always heen an 
evil to which milling cutters are peculiarly 
liable. Fig. 25 illustrates the difference hetween 
straight and spiral tecth, the one, a narrow 
cutter, being straight faced; the other, a wide 
one, having the tecth slanting. End mills 
[26] are also made straight and spiral. The 
staggered mills [27] are used chiefly for heavy 
roughing, the teeth being divided up into short 
sections by a spiral groove running around so that 
the chips break up into short pieces and so do not 
clog the action like long, stiff cuttings. 

Inserted Teeth. The inserted - tooth 
cutters are made with the object of saving 
tool steel, and of giving facility for manufacture. 
One good method of fitting is that in 28 <A, 
where the flat cutters are held in the cast-iron 
body by taper pins, which are driven in the sawn 
slots to open these out and jam the cutters on 
cach side firmly. The cutters may he set 
straight faced, as shown at A, or on an angle, 
as at B, to give a shearing cut. Another device, 
also depending on wedge action, is that in 28 B. 
Here each pair of teeth is held by a strip wedge, 
jammed in with three or more sct-sScrews. So 
long as the screws are tightened up, the cutters 
cannot move, They are frequently made with 
notches, so that a staggered effect is produced 
similarly to 27, the notches in one cutter coming 
alternately to those in the next cutter. 

A simpler method is followed in the large 
face or ending mills, which are made up to 
several feet in diameter, sct-screws, onc or more 
to each tooth, being used for fastening, as in 
29. Several dozen tool points may be held thus 
in a large disc. 

Form Mills. Form mills occur in in- 
numerable shapes, including straight and curved 
portions, or in the latter alone. They are made 
in very intricato outlines, but as backing-off 
is done, the strength of teeth is ample, and the 
cutter remains in use for a long period. Jt is 
usually more convenient to build up difficult 
shapes from several separate cutters, stringing 
them together upon an arbor. <A few examples 
of form mills are given in 80. 


Builteup Mills. In 31, examples of built- 
up mills for circular milling are shown, the work 
revolving against the rotating cutter, which tools 
the odgos and faces simultaneously in less time 
than they could be turned. A employs threo 
cutters for milling a gear-wheel blank on the 
rim; B mills a rope-pulley with two grooves; 
while C shows two cutters tooling a bevel-wheel 
blank. There is hardly any limit to the profiles 
which can be thus treated, the number of cutters 
being increased if necessary. The wear of the 
side-cutters may be compensated for in A and B 
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by placing washers between the three cutters 
and inserting fresh thinner ones when regrinding 
has reduced the height of teeth of the outer 
cutters. ¢ 
A profile cutter of a different style is that 
shown in 82, a worm hob on the Reinecker 
system. It is turned up to the form of a triple 
threaded worm, grooved and backed off. The 
tapered form is produced in order to hob the 
wheel in successive stages to the full depth. 
Drills and Allied Tools. In drills we 
see that precisely the same principles hold good 
among these as among other tools, and that 
they afford examples of tools some of which act 
by scraping only, others by true cutting. The 
best form of drill is the twist type [83, A]. 
Although a twist is imparted to the kody of the 
drill in order to allow of the free passage of the 
chips upwards without choking, yet it also 
fulfils the very important function of imparting 
front rake to the cutting edge, an advantage 
which is absent from the common flat type [88, B]. 
Since the cutting edge is ground transversely to 
the face of the twist, the angle which the twist 
makes with the vertical equals the amount of 
front rake, and is constant. Also the Lottom 
of the drill is ground slightly backward, and this 
gives the angle of relief, or clearance. ‘Ihus, the 
exact conditions of a true cutting tool are 
fulfilled here. In tho flat drills, however, there 
can not only be no front rake, but the reverse 
very often, rake being nogative, the cutting face 
actually leaning over from the perpendicular [B], 
which leaning over is necessary in order to keep 
the point or apex of the cutting edges as thin as 
possible. But the angle of relief is present, 
heing imparted by the grinding backwards of the 
edges. In the lip drills, front top rake is 
imparted sometimes by turning up the lips, or 
by filling grooves in front of the cutting edges. 
These, however, have the disadvantage of not 
maintaining their edges so long as the flat drills ; 
the grooves soon disappear by sharpening. 
Efficiency of Drille. Badly formed 
though the flat drill is theoretically, yet as a 
drilling instrument it is very efficient. For it 
is a case of two equal and opposite forces—that 
is, of course, supposing that the drill is ground 
symmetrically—which balance each other, and 
maintain the tool in equilibrium. Moreover, the 
downward pressure of the tool in a conical- 
ended hole tends to preserve its concentricity, 
allows any force to be impressed upon it within 
the limits of the strength of the drill, and 
nullifies the very bad shape of the drill-point, 
which, passing straight across from face to face, 
can never actually cut, but only scrape and 
crush the metal. The slight amount of parallelism 
of the shank above the cutting edge also helps 
materially in the true guidance of the drill. But 
in the twist-drill we have almost absolute per- 
fection—parallelism, front and back rake, and 
a clear passage for the chips, so that these drills 
must che poner rive all others out of the shops 
for general work. The outputs of twist-drills are 
eatly increased by an abundant supply of 
ubricant, which is conveyed to the point either 
through holes in the body of the drilJ, or through 
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tubes lying in grooves along the body. A pump 
must be used to give sufficient pressure to force 
the lubricant in and wash out the chips. 

The straight-fluted drill [88, C] does not 
possess top rake, and is therefore of more value 
for brass than for the fibrous metals. It has the 
advantage that on breaking through the metal 
at the end of the hole it does not tend to twist 
and run through, as twist-drills do. Two 
modifications of the flat drill are shown at D 
and K, used chiefly for brasswork, and generally 
in turret lathes. D drills a hole of two diameters, 
with a shoulder, being followed by a reamer when 
necessary, and E produces two diameters, the body 
being serrated to break up the chips. F is a 
‘slot drill, used for producing longitudinal slots, 
such as cottar ways and key ways, either the 
work or the tool travelling. 

Counterbores. Counterbores resemble 
drills in their action, but are used for enlarging 
the end of a hole already drilled, to receive the 
head of a pin or bolt or screw. A plain forged 
form [84,A] has lips projecting from the shank, 
so that thoy cut an annulus of metal, the pin 
below keeping yes tool central. The style rte 

rmite of readily changing cutters and guides. 
The cutter is held t the central set-screw pressing 
with its point, while the — below the cutter 
takes the form of a bush held on by the nut and 


washer. Different sized bushes may be sub- 
stituted to suit the drilled holes to be counter- 
bored. A simple type for large holes 1s that at C, 
the cutter being held in its bar hy a wedge, so 
that it is readily removable. 

Boring Tools. There is also a large group 
of tools used in boring. First, there 1s the D-bit, 
or half-round bit [85, A], which 1s capable of bor- 
ing holes many feet deep, provided efficient 
lubrication be provided. Jt is used in the lathe 
and fed into its work by the loose poppet, or 
by the slide rest. 1t is a cuttmg tool, having 
slight top rake sabia by the upstanding 
corner lip. Flat bits form a goodly proportion 
of the boring tools used in the lathe for the holes 
in pulleys, wheels, bearings, etc. No top rake is, 
of course, present. Fig. 35, B, is a style cutting 
on the front and along the sp ; it is fed u 
by the poppet, and steadied close to the wor 
by a rest having 1 flat slot in it. A device often 
adopted is to screw blocks of hard wood to each 
side of the bit as at C, with the object of steady- 
ing it in the hole and preventing chatter. This is 
the chief trouble with these flat bits, want of 
maa so that unless care be taken they will 
ollow the run of the cored hole, and result in 
untrue holes. In order to save tool steel, bite 
are frequently pinched in the end of a bar [85, D] 
with a set screw. 
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Boring Bars and Heads. Boring bars, 
which are revolved between the centres of a 
lathe, or in the boring machine, carry cither a 
single cutter or a ring of cutters. For small 
holes the single cutter is very suitable ; in fact, 
there is often no room to get more than one 
cutter to work. Fig. 36, A, is a square cutter 
held in the bar with a wedge. The cutter has no 
front rake ; B is a double-ended cutter fastened 
with a set screw; C shows a double-ended flat 
cutter wedged in; it cuts on front edges, and 
along the sides also; D is a cutter secured 
centrally by cutting out a notch in the front, so 
that the two shoulders fit over the mouth of 
the slot in the bar, and prevent risk of Jateral 
movement. 

The boring head with cutters, used under +0 
many modifications, consists usually of an as- 
semblage of scraping tools, notwithstanding that 
true cutting tools are often employed in the 
same head. The advantage of the arrangement 
consists in this, that the cutting forces are 
balanced all around the bar, and the latter is 
therefore less liable to spring and is better able 
to bore a trug.hole; also, that in direct pro- 
portion to thé™iumber of cutters employed can 
the traverse feed be increased, because the dut 
is divided between all the cutters. Thus, a bloc 
with six cutters can be fed at six times the speed 
of a single tool. Fig. 86, E, shows a block with 
three cutters held in with wedges. There are 
also three hardwood strips driven into grooves 
alternating with the cutters, the object being to 
steady the head in the bore. Another style of 
head, shown at F, has six square cutters, each 
gripped with a couple of set screws. A good 
many heads of this style are built, with an in- 
creased number of cutters in the larger sizes. 

Reamers. These are generally scraping 
tools, but some have a slight amount of front 
rake. A rose reamer (or broach) is seen in 
37, A, and examples of fluted reamers at B, C, 
D, and E. These are of different design, but not 
different in their functions. They are used for 
enlarging holes to a finished dimension very 
slightly in excess of that left by a drill, and with 
& ae of accuracy usually unattainable with a 
drill. Also, even supposing the drill to be in 
good. condition and the holes true individually, 
et when two or more such holes have to come 
in juxtaposition to each other to take a single 
bolt or pin, there is often a want of strict align- 
ment. Then the holes, being all reamered out at 
one operation, are true. 

Fluted Reamers. The fluted reamers 
are either straight or spirally fluted, the two 
forms being shown at B and C. The latter 
has a smoother action. A device used in some 
cases is to form a fine thread for a short 
distance on the end of a reamer, so that it 
is drawn into the hole without excessive push- 
ing effort on the part of the operator. The 
form of serrations usually made in reamers is 
shown in section at D, the front of the tooth 
pointing radially to the centre, while the back 1s 


cleared off in a slight curve. Alternatively a flat 
clearance may be formed. The edges of the 
teeth are either backed off with a flat, or with a 
curve, like relieved milling cutters, the latter 
form being rather stronger. 

Shell Reamers. The hollow or shell 
reamers are made to fit on an arbor, 4 slot at 
the back of the reamer being driven by a cottar 
in the arbor. The flutes are cither straight, as 
at E, or spiral. These shell reamers are of 
larger size than the solid types; by mounting 
one or more on a long arbor, holes in line 
may be reamered out in alignment. A device 
which is followed by some makers is to make 
an odd number of flutes, and sometimes to 
spaec them unequally, so that the tecth are les. 
likely to follow the course of an irregular hole. 








9) we ef 


87. REAMERS 


The disadvantage of the solid reamers is that 
they soon lose their origina] diameter by sharpen- 
ing, and therefore cut under size. There area large 
number of adjustable types constructed to in- 
crease the diameter from time to time. In 87. F. 
six blades of bevelled, section are fitted into 
corresponding grooves in the body, these grooves 
tapering upwards towards the shank. As the 
diameter of the circle of blades becomes reduced, 
they are hammered farther into the grooves, 
thus increasing the diameter. When the limit 
of driving up is reached, a new set of blades is 
provided. Another method of fitting, shown in 
87, G, involves the uso of a central tapered plug. 
which, when screwed inwards, forces the ulndes 
out, the lock nut at the end being first slackened 
to permit of the adjustment being made. This 
principle of using a taper to expand the blades 
is followed in several other designs of adjustable 
reamers. 
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Conditions of Entrance and Service in the British Navy. Sea- 


men and Artificers. 


Pay and Promotion. 


The Royal Marines 





By C. DUNCAN CROSS 


BY its glorious traditions and the opportunities 

it offers for seeing the world, the Royal Navy 
appeals alike to the patriotic and the adventurous 
instincts of a boy. The modern tendency towards 
comfort has shorn the Service of its hardship, 
and the opportunities for advancement make an 
appeal to a lad who loves the sea and is willing 
to work hard at an interesting career for a 
living wage and a comfortable pension. As the 
science of war advances so does the standard 
of intelligence, and to-day it is necessary for a 
Navy man not only to be strong, but also to 
have brains to direct his energy aright. For the 
past 50 years the class of sailor has been im- 
proving, till to-day he ranks high among the 
skilled workers. 

So high is the standard of efficiency required 
of petty officers that the barrier between the 
officer and man is no longer insurmountable, and 
to-day a youth who enters the Navy at the age 
of 16 may well hope to reach a commission before 
he retires from theService. Even should the hope 
fail to materialise, his training has been such 
that there is an excellent prospect of obtaining 
civil employment ashore. 

How to Join the Navy. Application 
may be made to the station officer of any coast- 
guard station ; to the Royal Marine Recruiting 
staff officer at Belfast, Birmingham. Bristol, 
Exeter, Glasgow, Liverpool, London, Manchester, 
Nottingham, Southampton, or York; to the 
Commodore of the Royal Naval Barracks at [01 ts- 
mouth, Devonport, Chatham, and Sheerness, and 
the Naval Recruiting officers attached to those 
ports; or at one of the ag a stations which 
are scattered through the large towns of the 
British Isles. 

The standards vary from time to time, but 
it may generally be understood that a youth 
or man who possesses the qualifications set forth 
in the table may expect to be admitted as far as 
his physical requirements go. It should be ob- 
served with regard to chest measurement that 
the examining officer notes particularly the 
difference between the size of the expanded and 
contracted chest. This difference should not 
be less than two inches. 

In reply to an application, a form is a7 + gl 
to the candidate which he is required to fill up, 
and if his replies besatisfactory, he is provision- 
ally examined. He is then sent .oone of the 
depots for a final medical examination, the trade 
test (if the candidate desire to enter one of 
the trade openings), and a simple educational 
examination. If he fails to pass, his fare is paid 
home. 

The physical standards required of eandidates 
for the Royal Navy are as in the following table: 
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Ntokera, Continuous or Special Service: 
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Ship's Stewards or Writers: No fixed physical standard, 





* With Admiralty authority up to 25 
Nok. These standaids are hable to alteration according 
to the supply of and demand for recruits. 


Special Service. There are two varicties 
of service—continuous and special. <A Special 
Service man enters between the ages of 18 and 
25, agreeing to serve for the first five years with 
the Fleet, and for the remaining seven years in 
the Reserve. Providing he reaches the rating of 
able seaman, he may earn one good conduct 
badge at the end of his tirst three years’ service. 
This bears 7d. a week extra pay. If the man 
enters the Navy from the Mercantile Marine, he 
may even earn this badge at the end of twelve 
months. An additional 7d. a weck may be 
earned by those who qualify as trained men. On 
transfer to the Reserve, with a retainer of 6d. 
a day, the man is liable to one weck’s training 
every year, or a fortnight every other year. 
In case of national emergency he is, of course, 
obliged to join the Fleet. If, after his 12 years’ 
service is complete, the reservist elects to continue 
to re-enrol for successive periods of five years, he 
will receive a gratuity of £50 when discharged 
on completing 20 years’ combined service in 
Fleet and Reserve; but no man will receive the 
gratuity or be released from liability for active 
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service until he reaches the age of 40 years. 
A special Service man has, be it observed, no 
chance of rising to warrant officer rank. 

Stokers may enter the Navy in the Special 
Service class in much the same fashion as seamen. 
They must complete five years in active service 
and seven in the Reserve. Good conduct badges 
can be won in the same way as we have outlined 
above, and the gratuity on completing 20 years’ 
combined service is the same. Special Service 
stokers do not, as a rule, rise above the rank of 
leading stoker, and it is hardly possible to rise 
even so far in the five years. 

Generally, therefore, it may be said that in the 
Special Service there is no great prospect of 
a career. It is, however, an avenue for the men 
of the Mercantile Marine. They have five years’ 
training, which is most valuable on returning to 
their civil occupation, and it secures them a 
retaining fee to add to their wages. 

Continuous Service. Men of all ratings 
sign on for 12 years, at the end of which time 
they may re-engage for another 10 years to 
complete their service for a pension. At the end 
of 22 ycars’ service they may retire with a 

nsion, or they may be allowed in special casea, 
if their conduct has been all that could be desired, 
and if they have progressed satisfactorily, to 
serve until the age of 50, with an increase to 
their pension for every year’s further service as 

tty officer. It is a condition with men and 

rys of the seaman or stoker class enlisted after 

March, 190], that to qualify for the long-service 

pent they must belong to the Royal Fleet 
ve up to the age of 50. 

Men disabled or invalided out of the Service 
are dealt with fairly generously on a sliding scale 
by pension or gratuity, according to the nature 
of their disablement and the circumstances in 
which they are placed. Men disabled in the exe- 
cution of their duty are awarded life pensions, 
irrespective of the length of their services. 
Furthermore, a grant of £22,000 a year is made 
by Greenwich Hospital for the assistance of 
seamen or Marines who have no naval pension or 
whose pension is small. Pensions to widows, etc., 
are another feature of the benevolent side of 
the Service. Another most excellent institution 
is the Greenwich Hospital School, where 1,000 
sons of seamen and Marines are educated and 
maintained free of cost. In addition, 100 boys 
and 150 girls are maintained at various homes. 

All men, whether for continuous or special 
service, receive a grant towards the cost of their 
outfit and bedding. In addition to their pay they 
receive free rations on a scale greatly improved 
in recent years. Out of this, by careful manage- 
ment, it is possible to effect “savings,” which are 
credited to the man, and go to buy luxuries. 

Boya. A boy must be of good character, 
must produce a birth certificate, or a declaration 
made by his parents before a magistrate that he 
is of the proper age, and the written consent of 
parent or guardian to his entering the Navy and 
to his agreeing to serve until he has completed 12 
aged continuous service from the age of 18. 

e must be able to read and write a passage 
from a Standard IV. reading-book, to write a 
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similar passage from dictation, and to have 
a fair knowledge of the first four rules of 
arithmetic. 

On acceptance, the boy is sent to a harbour 
training ship, and is credited with £10, with 
which he must purchase the kit laid down in the 
regulations, the sum remaining over being placed 
to his credit for future expenses, for he will in 
future have to depend almost entirely on himself 
for new clothes. 

After six or twelve months’ training on board 
the harbour ship the boy.is drafted to a sen- 
going training ship to gain a knowledge of sea- 
manship and gunnery. 

Youths. Youths entering between 16 and 17 
years of age must have the consent of parent or 
guardian and join the training ship direct, with- 
out harbour service. They are rated as second- 
Class boys for the firat three months. Later, 
boys and youths are rated as first-class boys 
until they are 18 years of age. Before attaining 
this rating, be it observed, they must learn to 
swim. 

The cruise ended, and the boys having reached 
the age of 18, they are sent to take their placo in 
the ranks of the Navy as ordinary seamen. No 
examination is required for this rating, and it is 
only now that the ambitious young man has a 


chance of showing what he is worth. He goes to 
sea in one of his Majesty's warships, and he has 
the opportunity of learning from his officers and 
the instructors semething practical of gunnery, 
seamanship, and sufficient engincering practice 
to pass his examination for able seaman. 


Examination for Able Seaman. This 
examination is of the most practical nature 
imaginable, and consists of the following tests. 

A fair knowledge of steering a ship, heaving 
the lead, rowing, knotting and splicing (hemp 
and wire rope), and general duties of seamanship; 
gunnery, torpedo, and field training, which he 
has learnt during his novitiate. He must be 
able to use simple engineers’ tools and do ordin- 
ary stokehold work, such as sweeping tubes, 
cleaning boilers, etc. He must also have a 
knowledge of bynker work, firing, and watch 
keeping. all of which he will have learnt during 
his 30 days’ course on board ship, during which 
time he is attached to the engine-room staff and 
is under the orders of the engineer. Further- 
morc, he must be able to make and read slowly 
a signal in semaphore, and understand the use 
of the flags used in flag signalling. 

Ax able seaman he will turn his mind to 
gunnery, and will receive instruction in gun- 
laying, sight-setting, etc., from the gunnery 
licutenant and the gunner, and in torpedo work, 
Ho as to gain the badges of seaman gun-laycr, 
or seaman torpedo man, or turret gun-layer, etc., 
each distinction earning him a badge, and cach 
badge cerns with it increase of pay, varying 
according to the qualification. 

He will bear in mind also the good conduct 
badge which he will be permitted to wear after 
three years’ service as seaman, with a “ very 
good”’ character from his captain. These 
badges, awarded at the end of 3, 8, and 13 years’ 
service, carry with them extra pay at the rate 
of 1d. per day each. 

Leading Seaman. Leading seaman is 
the next step in the sailor’s career, which means 
that he is a good helmsman and leadsman, able 
to assist in sallmaking and repairing ; a practical 
rigger. He must have a thorough knowledge of 
the practical side of gunnery ; he must be able 
to make and read semaphore signals, and he 
must know the use and colours of such flags and 
pennants as will enable him to look out a signal 
in the boat’s signal book. His examination is 
carried out in a sea-going ship, and qualifies him 
for promotion to second-class petty officer. 

Petty Officer. As petty officer the man 
must, to a certain extent, remodel his existence. 
He is now in authority ; he is directly responsible 
to his superiors that discipline is maintained, 
and that the men under his charge do their duty 
efficiently. By this time he will have made up 
his mind whether he prefers the duties of mere 
scamanship and the working of a ship, or whether 
the guns attract him more. In the first case 
his goal will be that of boatswain, and in the 
latter he will aspire to the position of gunner. 

It is of the highest importance nowadays that 
men should take the earliest opportunity of 
qualifying in gunnery and ae work, for 
more and more attention is being paid to these 
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branches of a seaman’s education. and it may 
quite easily happen that his promotion will be 
very seriously retarded by the lack of a 
certificate. 

From 2nd class petty officer the man is 
promoted to Ist class petty officer, and lastly 
he reaches the rating of chief petty officer or 
warrant rank (gunner or boatswain), when he 
drops the blucjacket’s characteristic garb for the 
blue cloth coat and peaked cap. 

Chief Petty Officer. Candidates for chief 
petty officer are not put on the roster until they 
have five years’ services, with a very good char- 
acter. Then their names are put down for pro- 
motion, and in due course they are selected by 
seniority, tempered by selection, on the reports 
of service and attainments. Since a warrant 
officer or a chief petty officer comes into close 
contact with the officers of the ship, it is most 
desirable that he should have taken every 
possible step to improve his education and his 
manners in the time of waiting by the assistance 
of the instructor and by private study. 

Chief petty officer is the highest position 
reached by the majority of seamen. The man 
for whom this article is written, however, will 
axpire to climb yet one step higher to the com- 
missioned rank of lieutenant. For this rank it 
is essential that his education should be excellent, 
for he may have to live in the ward-room with 
college-trained officers, and this point is taken 
into consideration in selecting men for commis- 
sions. It sisould be noted that commissions are 
given only to chief petty officers under 44 years 
of age, and that warrant officers must reach that 
rank before they are 35. 

Promotion in the Navy. To give some 
idea of the rate of promotion in the Navy, it 
may be said that a smart young man with a fair 
education might hope, with luck and diligence, 
to reach the rank of second or first-class petty 
officer by the time he is 24, and to become chief 
petty officer at 28 or 30 years of age. Warrant 
rank would come in about the same time. 

It should not be forgotten that for chief petty 
officers and warrant officers there are many good 
shore billets in the shape of instructorships at 
the colleges, at torpedo and gunnery schools, 
which not only carry with them a handsome 
increase of pay, but provide a most comfortable 
home for a man who has, perhaps, tired of the 
perpetual change of quarters which the exigencies 
of naval service involve. These go, of course, 
to men who are favourably reported to head- 
quarters as being energetic, trustworthy, and 
who, by their application to the theoretical side 
of their work, have fitted themselves for the 
posts. 

Engine-room Staff. Boys may be en- 
tered as boy artificers between the ages of 15 
and 16 after passing the usual medical cxamina- 
tion and an educational test of ability to read 
and write. They agree to serve for 12 years’ 
continuous service from the age of 18. 

On entry the boy artificer is placed on the 
ship’s books for training at one of the home ports, 
and for the first four years is learning his trade 
as a workman under an instructor ; is instructed 
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in steam and in general engineering subjects 

an engineer instructor, and in general 
knowledge by a schoolmaster. His duty in life 
will be the care and repair of engines as com- 
pared with the stoker class, whose business is 
to drive them. After the four years’ course, 
and a final examination in the subjects studied, 
he is classed as engine-room artificer 5th rate. 
He goes to sea for a year, and if he can pass 
the examination outlined below he is rated 
as acting engine-room artificer 4th class. It is 
possible for a practical engineer between 21 and 
28 years of age to enter direct if he is able 
to pass the examination, which is as follows: 
A knowledge of the first four rules of arithmetic ; 
ability to read and write well enough to record 
the working of engines and boilers; a general 
acquaintance with the names, uses of parts of 
marine engines; ability to run engines and to 
effect the ordinary repairs of an engine-room 
Candidates who hold a Board of Trade engineer's 
certificate, Ist or 2nd class, are excused this 
examination, After one year’s service as acting 
engine-room artificer 4th class, the man, on 
obtaining a certificate from the captain that he 
is capable of taking charge of a watch in the 
stokehold, and that he is an efficient workman 
worthy of confirmation in his rank, becomes a 
4th class artificer. 

After three years’ service above the rank of 
5th class artificer, he passes to 3rd class artificer ; 
in another seven years to 2nd class artificor, and, 
if he engages for another 10 ycars, to engine- 
room artificer Ist class. Above this lies chief 
engine-room artificer 2nd class, for which he 
must pass an examination in arithmetic up to 
vulgar and decimal fractions, and show his 
practical knowledge by being able, for example. 
to estimate bunker capacity or a cylindrical 
oil tank’s contents. His knowledge of engineer- 
ing must be wide and practical. He must know 
the best methods of prevention and cure of 
ordinary engine and boiler room casualties ; 
must understand the management of boilers 
generally, and the running and use of valves ; 
have a good knowledge of indicator diagrams 
and the calculation of horse-power ; understand 
the adjustment of bearings and the fitting of 
brasses. 

Six years in this rating qualifies him for chief 
engine-room artificer Ist class. Chief engine- 
room artificers of 29 years of age are eligible for 
advancement to warrant rank on passing the 
examination for artificer engineer and receive 
a gratuity of £25. These, again, may pass to 
chief artificer engineers, from whom, by selection, 
are chosen a few engineer lieutenants. 

StoKere. The men who tend the boilers are 
in a far better position to-day than they were 
formerly. “Once a stoker always a stoker ”’ 
used to be the saying ; but now, by good con- 
duct and willingness to work at the theoretical 
side of his trade, the stoker can rise to be chief 
petty officer, and even attain warrant rank, 
though few stokers expect the latter. An able- 
bodied man of soo character and physical 
development, without previous experience, may 
enter as 2nd class stoker, After a period of 


instruction in his duties and in rifle, pistol, and 
cutlass drill (for a stoker must know how to 
fight nowadays), he is promoted to stoker on 
completing a year’s service. = 

After four years’ service comes a test examina- 
tion based on the ‘Steam Manual’’ (Articles 
351 and 509), and that being satisfactorily passed, 
he becomes leading stoker, and is rated as a 2nd 
class petty officer. After serving in this capacity 
he is eligible for advancement to acting stoker 
petty officer. It will now be necessary for him 
to work hard at his education if he wishes to rise 
further. He must attend a torpedo course to 
give him a knowledge of the engines and gencral 
working of these weapons, and after having 
served ten years in stoker ratings he may be 
promoted to chief stoker, which ranks as chief 
petty officer. The examination is the same as 
for leading stoker, but in addition he must have 
a general working knowledge of the parts and 
uses of engines and boilers. Provided they 
have at least five years to serve, chief and 
leading stokers who qualify are eligible to 
be rated as mechanicians, rising to warrant 
mechanician and chief warrant mechanician 
when they take charge of cngines. 

Signalmen. Signal boys are selected from 
the smartest of the 2nd class boys, or, if 
vacancies occur, from among the Ist class boys. 
Occasionally they are entered direct from 
Greenwich Schoo]. They are given an elemen- 
tary signal course lasting some three months, 
and are taught the elements side by side with 
their instruction in seamanship. The work 
requires keen eyesight and a lively intelligence, 
for a signalman is one of the most responsible 
men in the ship. 

The next step, that to signalman, is reached 
when the boy is over 18. The aspirant by that 
time must have gained a working knowledge of 
day and night signals. For this and the higher 
ratings men are not obliged to qualify in the same 
fashion as an A.B., but are exercised in gunnery 
and musketry. For the rating of qualified 
signalman is necessary a good working know- 
ledge of day, night, fog, gun, and sound signals 
as applied to fleets, ships and boats, as is a 
proficiency in the use of the Morse code, sema- 
phore, and flash signals. 

After a sufficient experience as qualified 
signalman a man is advanced to leading signal- 
man, when he must be able to undertake the 
duties of a signal petty officer, and must under- 
stand the regulations for prevention of collisions 
at sea. Every three years signalmen are obliged 
to go to one of the signal schools to requalify 
for their rating, so that they may not lag 
behind the times. Good men with sufficient 
experience are then promoted to second yeo- 
man of signals. Yeoman of signals and chief 
yeoman are the next steps in the signalman’s 
career, the appointments being made by seniority, 
tempered always by seloction of the best workers 
and the steadiest men. 

Naval Craftemen. A few boys between 
14 and 16 years of age are eligible for service as 
boy a hes ts, and & few boys between tho 
ages 15 and 16 may be entered as boy 


coopers. They have to pass the Civil Service 
examination laid down for dockyard apprentices, 
and agree to serve for 12 years after the appren- 
ticeships and are instructed in the yard until 
the age of 18, when they go to sea for training 
if they are found to be fit for the rating of 
cooper’s crew or carpenter’s crew. 

Among the skilled tradesmen entered for 
service ashore and afloat are the electrician, the 
carpenter, and the shipwright, the armourer, 
blacksmith, and the cooper. 

Young men of good character between the 
ages of 18 and 28 who are sufficiently good 
carpenters to do panelling, dovetailing, and 
sash-making, may join with the prospect of 
rising to leading carpenter’s crew. 

Coopers who can pass a trade examination in 
making a bucket, also armourers, plumbers, and 
cooks, with a knowledge of their respective 
trades, can all join the Navy with the prospect 
of rising to chief petty officer in due course. 

Electricians. The electrician is another of 
the skilled tradesmen who are always welcome 
in the Navy. He must be between the ages of 2] 
and 28, and must have had three years’ practical 
experience as fitter and turner. Men are preferred 
who have some knowledge of electricity or who 
have gained their experience in electrical shops. 
The candidate must pass an_ educational 
examination equivalent to school Standard VI., 
he must know arithmetic up to vulgar and 
decimal fractions, and be good at dictation and 
reading. The practical part of the examination 
consists in relining and readjusting metal bear- 
ings; metal turning and screw cutting on a 
lathe ; and repairs to electrical apparatus and 
instruments. 

As acting electrician, he enters the torpedo 
schoo] and goes through a course of instruction, 
at the expiration of which he has to pass a further 
examination in repairing and fittmg electric 
motors and all electrical instruments required 
in the Service. He must have gained a good 
knowledge of the construction and repair of 
Whitehead torpedoes, and he must understand 
the intricacies of electric lighting and wireless 
telegraphy. After his year’s probation as acting 
electrician 4th class, he is advanced to 3rd class ; 
in another six years to 2nd class, and in a further 
five years to Ist class electrician, provided he 
has re-engaged to complete his time for a pen- 
sion. The rating of chief electrician, Ist and 
2nd class, lies at the end of the service nfter a 
thorough examination in every branch of the art. 

Sick«-berth Staff. A limited number of 
young men between the ages of 18 and 22 may 
join the Service as sick-berth attendants if they 
can produce evidence of very good character, and 
have an elementary education. Selected candi- 
dates are accepted on probation, and go through 
a course of training at Haslar Hospital. Thy 
rise from sick-berth attendant through the grades 
of sick-berth steward, to chief sick-berth steward. 
There are a few shore berths open at Royal 
naval hospitals as ward masters, but promotion 
is not rapid, and unless the candidate has a special 
liking for the work, the position is rather trying. 
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The Royal Marines. The Royal Marines 
are soldiers with sea training and sailors capable of 
military duty; they are experts in artillery work, 
yet they can pull a boat as well as any seaman. 
Rather more than half are serving in detach- 
ments in sea-going ships, while the other half 
are at their various depots undergoing courses of 
aera) and artillery training. The advantages 
of the Service are change of scene and occupation, 
greater freedom of action than is enjoyed by 
soldiers, a wider field of training, and better pay. 
There are two branches—the Royal Marine Light 
Infantry (the Red Marines), and the Royal Marine 
Artillery (the Blue Marines). 

Entrance Conditions. Growing lads 
from 17 years of age and men from 20 to 23 are 
cligible, provided they can pass the medical test 
and can read and write. On acceptance, they 
are forwarded to Eastney Barracks, Portsmouth, 
if for the Royal Marine Artillery, or the Depot, 
Deal, if for Abe Royal Marine Light Infantry. - 
The Marine is obliged to engage for 12 years. 
Free kit and bedding are issued to every man. 

The merey recruit, after completing a course 
of infantry drill, swimming, gymnastics, and 
musketry, is drafted to one of the three great 
stations—Chatham, Portsmouth, or Plymouth— 
which becomes his home ashore, as is Eastney 
Barracks for the artilleryman. 


Work of the Royal Marine. On com- 
pletion of the above-mentioned instruction, the 
recruit undergoes a course of field training and 
heavy gun drill, and in about 15 months is 
considered a qualified man. He is then avail- 
able for sea service, and, as soon as the exigencies 
of the Service allow, is drafted to one of his 
Majesty's ships. If his ship be serving in 
home waters, this period will be from one to 
two years, but if abroad, it will be E 
three years before he sees his “home” again, 
when he will take his leave on full pay and come 
back to requalify in shore work. Promotion to the 
superior ranks is not so rapid as in Linc regiments 
of the Army, but he may expect to be promoted 
to corporal within five years, to sergeant in 10 
years, and to colour-sergeant in 16 years. There 
are also 29 warrant officers’ positions open by 
selection and seniority to senior non-commis- 
sioned officers and 17 commissioned posts as 
quartermasters. The educational standards 
required of the various ranks are the same 
as those of the Army for an infantryman, 
promotion coming by the passing of these 
oxaminations and the sea service completed. 


Bandsmen. Marine bandsmen join the 
service between the ages of 15 and 23. They 
must be able to read and write, and have some 
musical knowledge. They are sent for training 
to the Royal Naval School of Music for in- 
struction, and at the age of 18, or when fully 
trained, they become available for service on a 
battleship or a cruiser. The pay ranges from 
4s. 8d. a week for boys to 3s. 94d. for the 
highest ranks, with an allowance of Is. 2d. per 
week for instruments, and good conduct pay up 
to 3s. 6d per week. 
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Following on 
NATURAL HISTORY 
from page 4069 


THE natural order Solanacee, which yields the 

wholesome potato and tomato, and the 
poisonous belladonna and stramonium, furnishes 
also the tobacco plant. The greater part of 
the tobacco of commerce is obtained from 
one species, Nicotiana tabacum. There are 
many distinct varieties of this one species 
yielding Virginia, Cuban, Havanna, and Latakia 
tobacco. East Indian or Turkish tobacco is the 
product of N. rustica, which is also cultivated 
in Germany, Hungary, Egypt, and West Africa. 
It is a hardier species, and requires less time for 
maturity than N. tabacum. Shiraz or Persian 
tobacco is the product of N. Perstca, Yana to- 
bacco is furnished by N. repanda, and a very 
strong tobacco used in Chili is prepared from 
N. angusttfolia. 

N. tabacum grows from 2 ft. to 9 ft. high, and 
the stem bears at its summit a panicle of tubular 
pink flowers [1]. The wide-spreading leaves are 
ovate, oblong, or lanceolate in shape, and are 
attached to the stalk in a spiral manner. The 
leaves are clothed with long soft hairs, and have 
lateral veins proceeding from a thick midrib 
in straight lines at angles of 40 deg. to 75 deg., 
gently curving upwards only near the edge. 
NV. rustica has greenish yellow flowers, and the 
leaves have longer stalks. The smell of the 
fresh plant is narcotic, and the taste bitter and 
nauseous. The characteristic odour of dried 
tobacco is developed during the curing process. 


Varieties of Tobacco. There are some 
64 varieties of ‘tobacco grown in the United 
States. Each of the varieties is accredited with 
certain characteristics of leaf; but as to which 
variety should be grown in any particular 
country it is not possible to give any exact 
information, as so much depends on the soil and 
climata Bright-yellow tobacco, such as is grown 
south of the James River in Virginia and in the 
famous Granville section of North Carolina, will 
not succeed on dark, rich, loamy, alluvial soil. 
This particular kind fetches the highest price 
among American tobaccos. The rich dark 
variety exported to England is grown on alluvial 
soils containing some sand and with clay subsoil. 

Tobacco-growing is best suited for regions 
having 8 mean temperature of not less than 
40° F., and which are not subject to autumn 
frosts. The comparatively climate of 
tropical countries is one in which tobacco 
reaches the highest state of perfection as 
regards flavour. The liberal amount of heat 
and light, teen with sufficient moisture, is 
found to uce the most luxuriant develop- 
ment of the plant, and to increase largely the 
percentage of nicotine. . | 

The quality of the soil in which tobacco is sown 
exerts an important influence on the texture 
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of the leaf, and on the colour and burning 
qualities. Tobacco grown on very rich dark 
soils burns badly. whereas that grown on sandy 
soil burns well. Chocolate and sandy soils are pre- 
ferred on account of the better flavour and aroma 
of the crop both for cigar and pipe tobacco. 
Colonel Everard, in the Irish experimontal 
tobacco growing, found that a rather heavy clay 
loam, with a clay subsoil in good manurial con- 
dition, produced the best results, the tobacco 
growing well, and curing out a good colour with 
plenty of body and elasticity. Tobacco will 
not thrive except on a well-drained soil; a 
retentive clay subsoil, therefore, is to be avoided. 
The soil should be well ploughed and harrowed 
until it is well pulverised before sowing. 


The Necessary Fertilisers. Manures 
for tobacco crop must not contain chlorides, 
as chlorides in the tobacco leaf adversely affect 
the burning qualities. Sulphate of potash in 
excess has a similar injurious effect. Large quan- 
tities of phosphoric acid give a dark-coloured 
ash to the tobacco, and excess of nitrogen 
in the soil makes a coarse thick leaf, unsuited for 
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manure may be used, or the 
leaf will be thick and coarse. 
Cotton-secd meal is a good 
source of nitrogen for the 
successful raising of tobacco 
when used with nitrate of 
soda or potash in a sufficient 
quantity to furnish a fourth 
of the nitrogen required by 
ide the crops. Cotton-seed hull 

aes ashes and high grade sulphate 

of potash are the most valu- 
able sources of potash for 
tobacggos. Acid phosphate 
and phosphatic slag should 
be used in preference to animal phosphates. 
A standard fertiliser is one containing 3 per 
cent. of phosphate, 5 per cent. of nitrogen, 
and 15 por cent. of potash, but varying quan- 
tities are required according to the nature of tho 
soil. Two hundred pounds to a ton of commercial 
fertiliser are applied per acre, but up to two tons 
are used where high-grade wrapper leaf or thin 
bright tobacco is desired. 


Tobacco Seeds. Tobacco seeds are very 
smal], one ounce containing as many as 300,000 
seeds, All the seeds are, however, not fertile, 
only about 75 per cent. germinating, so that 
allowing for imperfect conditions it may be 


produce cigar wrapper leaf 
and bright yellow leaf only 
moderate quantities of stable 
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1. THE TOBACCO 
PLANT 


reckoned that 35,000 seeds in an ounce will 
yield plants. It is usual to sow at least three 
times the amount of seeds, so as to get a sufficient 
numberof plants all of one size. 

The Seed Bed. The best site for a seed 
bed is one with southern exposure, south-east, 
south-west, and western being the next in order. 
The bed should be near water, because the tem- 
perature is likely to be more uniform, and a suf- 
ficiency of moisture will be obtainable without 
artificial watering. In Cuba open spaces in the 
woods are the favourite locations for the seed 
beds, on account of the protection from winds 
afforded by the trees. 

The most experienced tobacco growers burn 
the seed bed as a preliminary, the object being 
to destroy grass and weeds and grubs and in- 
sects that may be in the soil. Wood is spread 
on the soil in a thin layer and burned, more 
fuel being added from time to time, the burning 
being continued long enough to thoroughly 
steam and bake the ground. 

When the soil has couled, break it up with a 
hoe to the depth of two inches, rake off roots, 
and leave the surface level, loose, and porous. 
It should not be worked deeply. Having made 
the soil fine by repeated working, apply fine 
pig or sheep manure, or some good fertiliser, 
as the soil cannot be made too rich, because the 
object of the seed bed is to force the growth 
of the plants. The manure is well chopped-in 
and raked level again. 

After burning the sced bed and before sowing 
the secd, enclose the bed with a frame. This 
is made of 1 in. plank, 8 in. to 10 in. wide, placed 
on edge, and nailed at the corners with diagonal 
strips of I in. by 3 in. plank. If no planks be 
available poles may be used. The bed is best 
not over 3 ft. wide, so that it can be reached 
from either side. To prevent the ravages of 
insects, and to keep the young plants warm, a 
covering of muslin is arranged as a curtain, so 
that the cover can be withdrawn when desired 
to admit sunlight and air. 

Sowing the Seed. To obviate the diffi- 
culty of the impervious coating of the tobacco 
seeds, which delays germination, it is sometimes 
the custom to scratch the surface of the seed by 
rubbing the seeds with fine emery paper and then 
to moisten them with water in a bowl for 48 
hours. Mix the seed in the proportion of } oz. 
of seed to 2 quarts of wood ashes, corn meal, or 
sand, and sow carefully and evonly over the bed. 
A light-coloured diluent is best for the seeds, as 
it is easier to see where the seeds have been 
sown. Sow the mixture by the thumb and 
fingers, and after sowing sweep the bed care- 
fully over with a brush, simply disturbing the 
surface of the bed, taking care not to bury the 
seed too deep. Next sprinkle the earth with 
water, and make it firm by laying down planks 
and standing on them. Water the bed twice a 
week, or oftener in dry weather. The secds 
come up two weeks after planting, and their 
growth should be stimulated by watering with 
weak liquid manure. In about six weeks to 
two months the plants will be ready for trans- 
planting, but before this takes place the plants 
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should have been hardencd by removing the 
cover gradually and increasing the time of 
exposure to the air day by day. 


Traneplanting.. The plants in the seed 
bed are planted out in the field when they have 
grown 4 in. to 6 in. high, although in Cuba 
the seedlings are allowed to become 8 in. to 10 in. 
high before this operation takes place. 

Two or three weeks before planting, the 
tobacco field is harrowed and laid off in rows 
by means of a plough, the rows being 3 ft. to 34 ft. 
apart. Open fields are usual, but in Florida 
a system of shading the fields with open lattice 
work is in vogue, which has the advantage of 
improving the leaf texture by moderating tho 
sun’s rays. It may be addod that the distance 
apart of the rows varios in different parts of tho 
world according to the kind of tobacco that 1s 
being grown, and whether hand cultivation or 
horse cultivators be employed. 

The transplanting operation is best conducted 
in cloudy or damp weather. On the previous 
night the seed bed is well watered to loosen 
the soil, and the young plants are “ drawn ”’ 
early in the morning when still wet with dew, 
taking care not to injure the roots, and to keep 
as much soil adhering to the roots as possible. 
Take hold of each plant between the thumb and 
finger, and loosen the carth with a small garden 
fork. Put the plants gently into small boxes or 
baskets, cover with a damp cloth, and put in a 
shady place till the afternoon when the planting 
takes place There are two methods of planting 
—by hand or machine. In hand planting, the 
plants are dotted at regular intervals by a staff 
of labourers, usually boys or women, while 
others follow and make a hole with a dibble, into 
which the roots of the plant are inserted. The 
soil is then pressed round the root, and tho loose 
earth brought up with the dibble, the surface 
being left as loose as possible. This process is 
sometimes varied by one man walking along and 
making the holes, another droppmg the plant 
near by, and a third setting the plants. hen 
the soil is damp, watering is not required, but 
if dry, water is poured into the holes before 
inserting the plant. If the weather continue 
dry watering will be needed until the scedling 
is firmly established. In (‘uba a quicker process 
of planting in furrows is adopted. 

Machine Transplanting. Machino 
transplanting is practised in some districts. A 
planting machine, horse-drawn, carries the driver 
and two men or boys. The machine carries the 
water, which is run into each hole. It is stated 
that a man and two boys can plant two to six acres 
a day, about twice as much as can be accom- 
plished by hand setting. In this stago care must 
be specially taken to have plenty of young plants 
ready, and only plant those of the same size in 
one field, so that all the tobacco will arrive at 
maturity together. Plant as early as possible 
after the time of frost has passed, and strive to 
have an early crop. In case of frost any young 
plants which show signs of having been affected 
should be replaced, and also any that havo been 
bitten by insects within the first few days of 
transplanting. 
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Weeding and Earthing Up. The 
tobacco field requires very careful cultivation, 
and must be systematically weeded before the 
plants increase much in size. The first weeding, 
which is best done by hand labour, should be 
about a fortnight after transplanting, and in 
this, as in subsequent weeding, the greatest 
care must be taken not to injure the leaves, as 
their value would be thereby much diminished. 
If the soil become hard or baked, it should be 
broken up with a hoe used towards the plant, 
so as not to take soil away from the plant. The 
last weeding, in fact, should be done with the 
object of earthing up the soil round the base of 
each plant. This encourages root growth, and 
enables the plant to more easily withstand 
winds. Machine weeding is practised, but 
the loss through leaf damage is more than 
with careful handwork. 

Topping and Priming. The opera- 
tion of removing the top or main shoot of 
the plant is called topping. It is done with 
the object of preventing the transference of 


attract insect pests, and much success attends 
the planting of clumps of datura stramonium to 
act as insect traps. 
Leaf Diseases. Diseases which attack 
tobacco leaf often do considerable damage. 
One of these, known as mosaic disease, appears 
as light and green fear on the leaf, the cause 
not being well understood. The remedy is also 
obscure, although certain facts as to the cause 
are definitely known. As the disease is fatcartd 
fungoid, well burned seed beds are desirable, 
and great care should be taken in planting 
so as not to injure the delicate roots. 
Harvesting. In from four to six weeks 
after topping, the tobacco plant is ready for cut- 
ting down. The Eroper time for harvesting is a 
matter of considerable judgment and ex- 
perience, as if the plant be cut before it 
be properly matured the leaves will cure 
dark, and, under some circumstances, will 
at green, and never develop flavour. The 
following are the principle signs of maturity : 
1, When a leaf is doubled up, and a 


nourishment to the seeds and to promote 9 sampop Deve is pressed at the bend between th 


the growth of the leaves. The lowest leaves 
are also generally removed, as they are 
rendered worthless if left on, owing to 
laceration through wind lashing, but in some 
districts the lowest leaves are retained as 
a protection for the roots. The time for 
removing the top shoot arrives when flower 
buds begin to form, but before the flowers 
appear [2]. It is usual to retain from 10 to 12 
leaves on each plant, as that is considered to be 
the average number that can be brought to 
perfection ; but this is by no means a fixed rule, 
as from 15 to 20 may be left on in cases where 
the tobacco is intende 
mainly for cigar fillers 
or where the plant is 
very vigorous. 

The topping of the 
plant causes it tosend Alii: 
out buds or suckers at ‘wi 
the junction of the 
leaves, and these! 
suckers must also be 
removed, “suckering ”’ 
being needed two or 
three times during 
the season. The side 
shoots or suckers are 
allowed to grow about 6 in., and are then pinched 
off to within 2 in. of the stem. 

Insect Pesta. The planter must closely 
attend to catching all grubs or caterpillars 
that infest the tobacco plants, as the quality 
of the Jeaves is soon injuriously affected. 

Some insects attack the plants when still 
below the soil, but for this there is no practical 
remedy. Slugs are very fond of tobacco leaves, 
and as a preventive a little powdered quicklime 
is scattered or blown on the leaves, or one may 
use an arsenical spray. Many kinds of cater- 
pillars also infest the plants, hand picking by 
children rare; ha most effective method of 
dealing with this pest. Balls of poisoncd meal 
are sometimes distributed about the fields to 
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finger and thumb, it will break with a sharp 


OF NIPPING : . 
poraaigiehen crack if the leaf be ripe. 


2. The leaf blade ere leaf stalk bend 
towards the soil. 

3. The leaf takes on a slightly yellow colour. 
and, on holding up a leaf, and looking through 
it more or Jess transparent spots like drops of 
oil are seen. 

4, Walking through a tobacco field a character- 
istic smell of ripe tobacco is noticed. 

5. On cutting across a branch a reddish ring 
will be seen if the plant be ripe. 

The leaves ripen upwards, and, in bright 
tobacco districts, the 


bottom leaves are 

x nz harvested first. In 
SSSSar other districts th 
“ERAN e 
SANS plant is cut when 






the middle leaves are 
nearly ripe. When the 
f leaves are separately 


SINN Wes 





detached from the 
stem they are placed 
in baskets and taken 
to the drying - sheds 


wires back to back. 
.. A string of leaves is 
then attached to a 4-ft. lath, and the laths 
hung up in the barn. The principal method 
of harvesting, however, is that which involves 
the cutting of the whole plant. The plants 
are cut off near the ground with a sharp knife, 
and the stalk split from the top half-way to 
the bottom. The splitting is omitted in some 
countrics, and the whole plant strung on a 
curing-stick. In both methods the plant is 
exposed to the sun till it is wilted, or made limp 
enough to handle without injury. It must then 
be conveyed to the curing-barn with as little 
delay as possible. Cutting is best done late in 
the afternoon, as the cut plants are easily 
injured by the hot sun pouring down on them. 
Harvesting must not attempted in the 
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morning when the plant is wet with dew. After imparts a distinct flavour somewhat like creosote 
rain it is wise to allow at least one fine day to to the product. The following is a description 
interyene before harvesting. of the process as usually followed: The curing- 

Stackjng in the Field. Instead ofcon- house is arranged with ventilation windows, 
veying the wilted wholo plant direct tothe barn, and on the second day after cutting, the sticks 
it is stacked on scaffolds on the fieldifthe weather upon which the tobacco was placed when cut are 
be fine and mild. From 8 to 14 plants are arranged in the barn. On the third day artifi- 
placed on a stick, and removed to the scaffold cial heat is applied in the form of charcoal or wood 
previously built —preferably the 
in the neigh- former, as there 
bourhood. The is less risk of 
sun begins the burning down 
curing process the shed. The 
By yellowing the heat is raised to, 
plants and reduc- and kept at, bo- 
ing the amount tween 70° F. and 
of moisture the 80° F., tho fires 
contain. Bot being kept up 
on the scaffold day and night 
and in the 4 until the lower 
curing-barn [8] part of the leaf 
spaces of from 4 | shows signs of 
8 in. to 12 in. _-~ im | SY As . : a iy rne. This 
are left between ==. a pe IF mm 1appens after 
the sticks for = about 24 hours, 
the even of when the tem- 
air. It should , rature is raised 
be added that, 4, RHODESIAN TOBACCO BARN 10 90° F., inorens- 
owing to the liability of the Icaves to damage ing by 10 degrees every 24 hours till 150° F. is 
from exposure to the sun and weather, it reached. When all the moisture has evaporated 
is now considered wiser to got the crop safely from the leaf and the stem of the leaf the fires 
in the barn at once without running any are discontinued, but resumed for a few hours 
risk from climatic conditions. Special frame if rainy or foggy weather come on or 
Wwaggons are used for transporting the tobacco the leaf show signs of softening. When all 
tu the curing-barn, the object being to carry the moisture has been driven out the tobacco 
the plants so that they do not touch the ix taken down, stripped from tho stalk, and 
sides or the bottom of the waggon. Other vise graded for the market. 








the sticks of tobacco are Flue Curing. In tho 
piled on an ordinary waggon —A@RENEKZZRZZE Ey coss of flue curing the heat 
in Jayers With the butts and from an outside furnace is 
tops alternately on the out- ts) conveyed through the curing- 
side. The leaves that are | house [4 and 5] by means of 
separately harvested are large iron flues or pipes. This 
strung on twine in small method is used tor curing 
shelters built outside the bright yellow tobacco, the 
curing- barns. stages being : 

Curing the Plant. The 1. The yellowing process, 
next process to which the when a temperature of 90° 
tobacco is subjected is known is kept up for from 20 to 
as curing, and, as the quality 30 hours. 
of the product depends to 2. Fixing the colour, the 
a considerable degree on the temperature being raised to 
care which is exercised at 100° for four hours, and in- 
this stage, it will readily be creased 24 degrees every two 
seen that curing is one of hours, until 120° is reached. 
the most important, as it is 3. The curing process 
the most difficult of the pro- proper, at a temperature of 
cesses. This should not be 5. PLAN OF FLUES from 120° to 125° F., for 
understood to mean that an as from six to eight hours. 


inferior leaf can be made into first-class tobacco 4. Stalk curing, at 125° to 150° F., the heat 
by suitable curing, but rather that the good leaf being raised to the latter temperature by five 
can be spoiled in the process through want of skill. | degrees an hour, and the heat continued till the 

There are several methods of curing in vogue, _ stalk is thoroughly dried, which will be in from 
which we will now consider separately. 12 to 15 hours. 

Fire Curing. The method of curing by A simplified process of flue drying is as follows: 
means of open fire heat is used for export tobaccos After the tobacco is cut it is placed in the curing- 
as such tobaccos stand transportation better house, and the air warmed to 90° F, for two 
than others. The burning charcoal or wood or three hours. The heat is then increased 
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rapidly to 125°, or even higher, if the leaf 
will stand it, and, after letting the heat stop at 
this degree for a few minutes, the fires are 
damped, and the heat gradually reduced to 
90° F. The finishing part of the curing pro- 
cess is the same as we have explained in the 
previous process. 

Sun Curing. The method of sun curing is 
practised in a part of Virginia, but as it involves 
‘many handlings of the tobacco, the expense for 
labour becomes a serious item. The process is, 
however, much valued by the manufacturers of 
plug tobacco, as the product is very sweet, and 
specially suited for chewing. Scaffolds are 
erected near the curing-house, and upon them is 
placed the tobacco as soon as it is cut. On the 
approach of a storm, the tobacco must be carried 
into the barn, as the colour and taste would be 
impaired if rain were allowed to fall on the leaves. 
The tobacco is exposed to the sun in this wa 
for some weeks, until all moisture is diapelled. 
The storing and handling of sun-cured tobacco 
needs much more care than in the 
case of fire or flue dried leaf. 

Air Curing. (gar leaf, and 
" other tobaccos of thin delicate tex- 
ture, and smaller Jeaf and stem, are 
cured by air, in well-constructed 
curing-houses, in which wooden 
windows are arranged for ventila- 
tion purposes. The process lasts six 
to eight weeks, and during this time , 
the temperature and moisture are 
regulated by opening or shutting 
the ventilators. Air-cured tobacco 
is of better flavour than that cured 
by other methods, being free from 
smoky taste, and, being more absorb- 
ent, it is largely used by manufac- 
turers of chewing tobacco. White 
Burley tobacco cured in this way has 
a cherry-red to a red-brown colour. 

Fermentation. The fermentation or 
sweating process, which follows, is undertaken 
for the purpose of developing the aroma of the 
tobacco. The process is one often entrusted by 
the grower to the experts who specialise in this 
department. The method employed is known 
as bulk fermentation. The tobacco is sorted out 
into three grades according to the texture of the 
leaf, cach grade being separately bulked or 
stacked in rooms heated by steam. The moisture 
of the air is also capable of being regulated. 
The size of the heaps varics according to the 
grade; for instance, if light shade leaves be 
required, 3,000 lb. to 5,000 Ib. of leaves are 
placed in the bulk, while in the case of ordinary 
fillers, 10,000 lb. to 20,000 Ib. are the average 
bulks. The leaves are piled up to a solid stack 
5 ft. or 6 ft. high, and in definite order. The 
bulk is then covered up with canvas, and after 
a short time fermentation, as evidenced by a rise 
in temperature, takes place. The temperature 
must not be allowed to go beyond 130° F., to 
prevent which the heap is from time to time 
taken down and rebuilt. Some three to five 
weeks is occupied by the process. Steam is 





6. SCREW PRESS 


injected into the room when the leaf is in a very 
dry condition, but some leaf handlers prefer a 
spray of water. It is during the fermentation 
process that the lower grade tohgaccos are 
petuned—that is, treated with flavouring ingre- 
dients to improve the aroma. 

The temperature of the heap of tobacco is 
judged by putting the hand inside, or by using 
a thermometer, an automatic electric instrument 
being in use in up-to-date establishments. 

Grading. The fermented tobacco is next 
graded and packed. In the case of Cuban 
tobacco, the leaves are made into hande of about 
40 leaves each, the outside being bound round 
with bast into a carotte. Eighty carottes are 
made into a bale. Loose tobacco is packed or 
prized into hogsheads, averaging 56 in. high and 
42 in. diameter at the head. Pressure is applied 
as the leaves or hands are being racic, the 
screw press used with hogsheads being shown in 
the illustration {6}. Care must be taken not to 
mix various kinds of tobacco in one package, as 
the market value of the tobacco is 
thereby diminished. Before being 
brought into use, tobaccos ere kept 
in stock for from two to four yerrs 
to age, the tobacco in this wu 
becoming softer and mellower in 
favour. The weight of tobacco in 
a hogshead varies according to the 
kind, from 600 lb. to 1,000 Jb. 
of lighter tobaccos, up to 1,600 Ib. 
to 2,000 lb. of dark leaf being 
averages. Half hogsheads are used 
for exporting to certain markcts. 

English Tobacco. By an 
Act passed in the reign of Charles 
IL., the growing of tobacco is illegal 
in England and Ireland, an excep- 
tion being made in regard to physic 
gardens, which were allowed to grow 
half a pole for medicinal purposes. 
The Act as regards England and Ireland has 
been relaxed in so far as experimental culture 
was allowed in 1886, at a time when, owing to 
agricultural depression, it was thought that the 
cultivation of tobacco might profitably be carried 
on at home. Experimental cultures were made 
by Lord Harris at Faversham, Mr. De Laune at 
Sittingbourne, and Mr. Wigan at East Malling. 
The experiment was deemed a success from some 
points of view, but it was hardly to be expected 
that tobacco of first rate quality could be grown 
without considerable experience as to the best 
seeds and most suitable soils for the crop. 

Iriah Tobacco. For some years, experi- 
mental tobacco growing has been carried on in 
Ireland. The Department of Agriculture has 
had charge of the arrangements. Colonel N. T. 
Everard has published an interesting account of 
his work in the “ Journal of the Department of 
Agriculture.” To encourage the experiments, 4 
rebate of one-third of the duty has been granted 
for a period of five years, from 1904. Professor 
Keller, a tobacco expert, is studying the kinds of 
tobacco best suited for the various soils in Ireland, 
and this is held to be the crux of the question. 


Continued 
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Sociology is the Study of Ourselves. The Science of Saving Society from 4, 


Its Own Mistakes, The True Ethical Ideal must be Sociologica'ly Possible 
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By Dr. C. W. SALEEBY 


"THE present writer's estimate of the im- 

portance of sociology grows yearly—in this 
respect he questions not, resembling the estimate 
of all who are capable of learning. In so far 
as it is possible to speak of the root of any 
such matter as we have instanced, sociology 
‘* sets there,” and time and again one finds that 
questions which appear at first sight to belong 
to subordinate sciences, and which the subor- 
dinate sciences can solve upon paper, just as 
the present writer can say upon paper, “ Let 
every mother nurse her baby and you will have 
no infant mortality worth mentioning,” can be 
solved in practice by the sociologist alone. He 
it is who deals with underlying principles. He 
it is who, in conspicuous contrast, for instance, 
to the unthinking kind of socialist, takes into 
account that supreme factor which we call 
human nature. 

The Place of Ethics. And now a word 
as to the relations of sociology to the trans- 
cendent science of morality. Accepting as, 
at any rate, partially true that conception of 
morality which confines its gaze to human life 
as we know it on this earth, we see at once that, 
in one of its aspects, at any rate, sociology is 
inextricably interwoven with morality. The 
idea of justice, for instance, is, of course, a 
sociological idea as well as a moral idea, and even 
if abstract morals insist upon the truth that 
justice is justice, whatever the practice of men 
may be, yet the moment the practical moralist 
begins to ask himself how justice may he 
furthered, maintained and effected, whether by 
stern Jaws or by providing all citizens with good 
mothers, or by some other means, at that very 
moment the question of practical morals is seen 
to be a question of practical sociology. 

There are a great many thinkers, chief among 
whom, perhaps, is Professor Lester Ward, the 
most distinguished of living American sociolo- 
gists, who, having a too narrow conception of 
ethics, declare that it is not a science, still less 
a separate science, at all, but is merely a part 
of sociology. For Ward’s discussion of this 
view, see his “Pure Sociology” (Macmillan, 
1903). This, as it might be shown, is surely 
an exaggeration; but, at any rate, the fact 
which we are trying to emphasise remains—that 
while, on the one hand, sociology has the most 
complex and indissoluble relations with the 
sciences that are beneath it, on the other hand, 
it can never be dissociated from the one science 
which is above and beyond it. 

Sociology a Science—and More. And 
this leads us on to another consideration which 
sociologists would do well to make more explicit, 
and the neglect of which has led to much 
misunderstanding. Just because sociology 


is intermixed with ethics, it has the peculiar 
character of that science. A pure science, what- 
ever its subject matter, is properly concerned 
solely, exclusively, and cold-bloodedly with 
what 1a, Pure science has nothing whatever to 
do with what ought to be. The student of socicty, 
being a man as well as a scientist, cannot fail 
to have his own opinions as to what ought to be. 
He cannot fail, in his heart of hearts, to foel 
emotions of disgust or pleasure at the facts 
which he discovers. His case is thus totally 
distinct from that of the chemist, let us say. 
The student of atomic weights discovors that the 
mass-ratio of oxygen to hydrogen is 16. He is 
concerned merely to know that this is so. The 
fact will give him greater or less pleasure, 
certainly, according as it fits in with and 
confirms, or is incompatible with and throws 
discredit upon, other facts or supposed facts ; 
but he passes no moral judgment upon the 
result he has obtained, and, whatever the result 
is, no question arises of any attempt to alter the 
facts. The efforts of all the chemists in the 
world could not change the atomic weight of 
oxygen, and there is no reason why they 
should. 

The Search for Social Facta. Vastly 
different is the case of the moralist and the 
sociologist. If these students are to be worth 
anything at all in any permanent sense, thoy 
must, in the first place, treat their subject as 
& pure science. They must divest themselves 
of all interests in it save the interest which 
truth has for them as such, Science is concerned 
with what is and has been. The sociologist, if 
he is to call his study a science at all, must find 
out what is and has been. ‘“‘ His not to make 
reply’; his not to say, “I approve or dis- 
approve”; but precisely as the chemist is 
concerned to discover chemical facts, so the 
sociologist is concerned to discover social facts. 
Indeed, if one were asked to describe in a 
phrase the distinction between the modern 
conception of sociology and the standpoint 
of nearly all those who in the past have 
thought and taught and written about social 
matters, the reply would probably be that 
sociology as we conceive it now, is at an'y 
rate, whatever more it may or may not be, 
a deliberately cold-blooded, detached, impartial 
study of things as vg a and as they have been, 
the past, of course, being the interpreter of the 
presont. The sociologist in making this study 
Is, one may suggest, to resemble as nearly as 
possible the gods as Plato imagined them. In 
Ly haar to the popular nonsense which 
believed that male and female deities, morally 
inferior to the average man and woman, con- 
stantly interfered with human afiairs, it was 
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taught that such gods there were—taugat for 
rudence sake, though it did not save Sucrates— 
bat that they did not interfere with human 
affairs. They sat upon Olympus “in god-like 
detachment,” contemplating all things, under- 
standing all the motives of men, seeing all the 
fashions in which they lived together, and the 
various consequences of all those practices, 
but never raising a finger on one side or another, 
‘and never caring a straw. 

This exactly would be the attitude of the pure 
sociologist as such. It would be the ideal of 
sociology as a pure science—to make the science 
an omniscience of social facts, present and past, 
to record, classify, and generalise them, and put 
them into a perfect textbook. 

The Sociologist Must Have Ideals. 
Now, it is quite certain that unless we recognise 
this conception of our business, unless we admit 
its validity, as far as it goes, unless we attain 
this impartial and, so to speak, careless point of 
view whilst we are ascertaining our facts, we 
shall, in the first place, forfeit the title to call 
ourselves scientific, and shall, in the second place, 
cither mistake for facts what are not facts, or 
else shall make an artificial sclection from the 
facts, choosing, perhaps, the few and insignificant 
which suit our prepossessions —as, for instance, 
in favour of authority or in favour of liberty— 
and omitting the many and weighty ones which 
prove that our prepossessions are falye. Pre- 
cisely the same necessity arises in the case of 
the moralist. 

But there never vet was sociologist or moralist 
of any moment whatever who was not more than 
a pure scientist The driving power, even in 
the case of such « costly and prolonged, despised 
and dreary enterprise as Spencer's “ Descriptive 
Sociology.” has always been the passion tor what 
Carlyle called ‘‘ that divine word retorm ” ; and 
sooner or later every sociologist has renounced 
the purely scientific purpose and surpassed it. 
He has left the question of what is and has gone 
on to the question of what ought to be and how 
it shall be. ‘The present writer certainly does not 
dare to question the value of pursuing truth for 
its own sake, and he is among the first to admit 
that the purcly scientific conception of sociology 
#8 invaluable ; but it is fortunately in the nature 
of the case impcssible that anyone can set his 
mind to the study of social facts without being 
irresistibly compelled to ask himself how they 
can be modified. The student who did not ask 
himself this question would be as impossible a 
monster as the student of disease who studied 
it for its own sake and did not care two straws 
to ask whether the disease might have been 
prevented or might be cured. 

Sociology a Campaign of Man. Thicre 
are many splendid signs of the times which 
show clearly cnough that the double conception 
of sociology—({1) as a pure science and (2) as 
a Cumpaign of Man -is making its way into 
the modern mind. Two distinct parties of 
people are approaching sociology, On the 
one hand there are the scientists whose own 
work lies in various departments of the science 
of life and living things. Every biologist, 
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and every physician worthy of the name, for 
instance, is rapidly journeying to-day towards 
sociology. The greatest of national problems, 
the making of a vigorous and worthy people, is 
uniting medical men and sociologists, and with 
thom also the students of heredity. These mon 
of science are coming to discover that sociology 
provides them with an almost unsuspected store- 
house of facts, and it is facts with which science 
is concerned. 

The New Reformer. And from the 
other side sociology is being approached by the 
humanitarians, lovers of children, lovers of jup- 
tice, lovers of liberty, lovers of the poor, social 
reformers of all kinds. Let us try to realise the 
significance, which has never yet been adequately 
recognised, of the change which the scientific idea 
is working in these times. Take, for instance, 
the great sociological questions of crime and 
punishment—criminology and penology. It is 
not so very long ago since a John Howard or 
an Elizabeth Fry set to work to do something 
for the wretched state of our prisons. ‘They gave 
the miserable inmates, forsaken by man, their 
own personal service and sympathy, with all 
that this implied of moral regeneration. They 
immortalised their names amongst a “ Christian ” 
people because they did not content them- 
selves with reading the 25th chapter of St. 
Matthew, but acted upon it. ‘I was in prison, 
and ye came unto me.” It would be better 
never to write another word than to detract in 
any way from the splendour of their service 
and achievement. 

But consider what the scientific idea is now 
beginning to accomplish in such cases as these. 
The deathless pioneers have done their pioncer 
work of awakening our consciences, but their 
successors do not follow the old plan. How all 
but hopeless was it to visit the prisons when 
the treatment of children, especially of naughty 
children, when the whole conception of cime, 
the whole social system that produced crime, 
the whole of the methods for repressing crime, 
were false and rotten, and when crime, and yet 
more crime, was the product of their putrefac- 
tion! Nowadays we do differently. The great 
scientific truth that cauration is universal, and 
that all facts, being part of truth, are sacred and 
worthy ot recognition—these are entering into 
the modern mind. 


Reform on Wrang Methods. Nowa- 
days, then, we have devoted students who study 
the facts of crime as the chemist studies the 
facts of calcium, and the day is dawning when, 
by a sane treatment of children, by the in- 
stitution of methods of education which reckon 
with human nature and are based upon the 
facts of physiology, we shall abolish crime by 
pene the formation of the criminal. This 
is obviously a more excellent way even than the 
visiting of the prisons—-prisons which not one 
prisoner in ten thousand, brought up in a social 
environment adapted to his needs, would ever 
have entered. This particular illustration might 
be indefinitely multiplied, and it is impossible 
to exaggerate the practical importance of the 
change. 


Hitherto, the social reformer has usually had 
more heart than head. The history of “charity” 
is the history of the consequences. Thoughtless 
charity bas caused immeasurably more misery 
and wretchedness and sin and evil than it has 
ever relieved. Social reformers without number, 
and social efforts without number, have not only 
done more harm than good, but have actually 
brought our great ideal of roform into discredit— 
a pitiable end. 

Heads and Hearts. But we are just 
now at tho birth of the time when Science is to 
exert her beneficent sway—irksome though it 
may not infrequently appear—over the full heart 
of the social worker and the social reformer. 
The observer wil] find that bad schemes, 
promising an apparent immediate benefit, but 
threatening a lasting injury, have now to 
face the criticism not of one isolated philosopher 
here and another there, but of a whole host of 
thoughtful and well-informed people. In short, 
we are beginning to abandon the old method 
of trial and error. Sociology is teaching us 
that the past has made enough experiments 
if we would only look at them. Sociology is 
establishing generalisations which, like other 
generalisations or products of induction [see 
Loaio], are capable of being used for purposes 
of deduction. 

The reformer, the enthusiast, comes forward 
with a new plan, and sociology is able to say 
beforehand, in some cases at any rate, “ No, 
this will not work,” just as the student of 
Energetics [see Piysics] is able to say to the 
perpetual motion schemer, “ No, this will not 
work.” Furthermore, many social workers, 
whose good hearts are known to all, are 
having the possession of good heads as well 
revealed under the influence of the scientific 
atmosphere which is beginning to invest this 
subject. Hence they are being set to work to 
collect the generalised facts just as if they were 
one of the impartial deities to whom we have 
referred. Many of them are rapidly acquiring 
the temper which seeks to follow truth wherever 
she leads. In consequence, there are being 
rapidly produced books which contain matter 
of fact, and are as properly scientific in method, 
aim, and execution as the drivst treatise on 
hydrodynamics. Conspicuous instances are fur- 
nished by Messrs. Rowntree and Sherwell’s really 
epoch-making books upon the alcohol question, 
and any number more might be cited. 

Discovering Ourselves. Throughout our 
course, then, we must endeavour to preserve the 
very difficult ideal, the two parte of which so 
many in the past have found incompatible, of 
(1) studying our facts as facts, and (2) studying 
our facts as means which will enable us ¢o effect 
further facts. For sociology is unique among the 
sciences in that man makes the facts. We are 
far from saying, of course, that man in so doing 
is not determined by his nature and his educa- 
tion, by custom, tradition, mental inertia, and so 
on. But, nevertheless, the truth remains that 
the sociologist is in a unique position. It is as 
if an atom of carbon in the benzene ring [see 
Cuemistry] had set before itself the problem of 
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discovering the constitution and potentialities of 
that ring. Itself is part, and a necessary part, of 
the facts which it is about to study, and (this, we 
think, being the most valuable part of our analogy) 
its comprehension of the facts will be determined 
by its position in the ring. If it be a short- 
sighted atom, it will know no more than that it 
is united by two hands to an atom of carbon on 
one side, by one hand to an atom of hydrogen, and 
by the other to a second atom of carbon. It will 
never occur to the short-sighted atom, perhaps, 
that its neighbour atoms are in exactly the same 
case as itself, just as it might have never occurred 
to an atom in another kind of molecule that its 
neighbours’ circumstances are not the same as 
its own. But in any case the judgments of 
the atom are coloured and in part determined 
by its own circumstances and point of view. 

The Intellectual Difficulty. The soci- 
ologist is in the same case. He is himself 
a part of the organism which he is studying, 
and unless he be far-sighted his comprehension 
of it will be no greater than the comprehen- 
sion which the atom will have of a molecule, or 
which one of the white cells in your blood will 
have of you. Such a white cell would form one 
opinion of you ; a nerve cell would form a very 
different one ; and a muscle cell yet another. 
Similarly, the soldier turning to sociology will 
form one idea of society which can scarcely 
fail to differ profoundly from the idea formed 
by the workman sociologist or from that formed 
by the aristocrat sociologist. The problem is, 
being part o1 the organism oneself, to see it 
steadily and see it whole. There is the in- 
tellectual difficulty. 

And then there is the difficulty that not only 
is every student of socicty himself a constituent 
of society, but also, unlike the atom or the cell, 
he has will. He is not only a fact, but the poton- 
tial source of new facts, and these may be good 
or bad according as he is good or bad. The 
reader is asked to keep in mind this last sentence, 
because we are about to return to the idea which 
it contains—an idea which we believe to be the 
central truth of all sociology. 

Truth is Never Impossible. Beforc 
we consider it, we must complete our study 
of the relation between the study of society 
and the study of morals by emphasising the 
most important proposition which has lately 
been laid down by one of the most distinguished 
living students of both these subjects, Professor 
Harald Héfiding, of Copenhagen. This is the 
profoundly important proposition that morals 
and the moralist must recognise the existence 
of so he op truths. “The ethically right” 
(says Hofiding) ‘must be sociologically possi- 
ble.” This statement may have no particularly 
attractive appearance, but it throws a most 
searching light upon the history of religious and 
moral systems. It condemns all ethical systems 
which are impracticable. This, of course, is not 
to say that it condemns ethical ideals as ideals, 
or that it demands the subordination of morality 
to the ugly facts of society and human nature. 
It means, as the present writer has tried to show 
elsewhere, “that the moralist, in seeking to 
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establish the true ideal, must. be certain that his 
ideal is possible. It means that no ethical ideal 
can be true which—so to speak—would become 
impracticable directly it was realised. For 
instance, asceticism cannot be the ethical ideal, 
since a society of consistent ascetics would soon 
cease to exist.” 

‘“Untrue” Ideals. Asceticism can have 
value only as a temporary protest against 
sensuality. Abolish sensuality, and asceticism 
would be merely silly. Similarly, the doctrine 
that “life is for others,’ the doctrine that the 
ideal is complete self-sacrifice, cannot be regarded 
as ethically right, for it is sociologically impos- 
sible. It may serve a useful temporary function, 
but that it is essentially absurd must become 
apparent so soon as we try to conceive the 
social state in which everyone has reached the 
ideal. Self-sacrifice becomes impossible so soon 
as there remains no one who is willing to benetit 
by it. One man can be self-sacrificing, as a rule, 
only on condition that another is not. When 
all are equally and completely self-sacrificing, 
none can be so. Again, if every one is to live 
entirely for others, the result will not be the 
greatest happiness, but the greatest inconvenience 
and lack of economy. If I am to spend all m 
time in the pursuit of your happiness, and you all 
your time in the pursuit of mine, neither of us 
will be as happy as we might otherwise have 
been; and thus the purpose of our efforts 
will have been frustrated. Thus, unqualified 
altruism cannot be the ethical ideal, since it 
is sociologically impossible. Plainly, unquali- 
fied egoism is immoral : hence the ideal is neither 
“live for self’? nor “ live for others,” but ‘ live 
for self and others.” This may claim to be 
ethically right, since it fulfils the first condition 
that it is sociologically possible. 

The Great Central Truth. There are 
certain kinds of figures which one can build with 
cubical bricks and others which one cannot, this 
being an instance of the proposition that the 
nature of any whole depends upon the nature of its 
constituent parts. The central truth of sociology 
is precisely this, that the structure of societies 
depends upon the characters of its constituent 
individuals, can only be explained by reference 
to its units, and will be good or bad less on 
account of the fashion in which the units are 
related to one another than on account of the 
characters of the units themselves. 

Now, let us take an illustration from chemistry. 
‘Phe characters of a compound may he said to be 
determined by two factors: (1) the number and 
nature of the atoms that go to compose each 
molecule of the vompound, and (2) the manner 
in which those atoms are combined with one 
another. Similarly, the characters of a society 
are determined (1) by the nature and numbers 
of its constituent unite, and (2) by the relations 
of those units to one another—the manner in 


which they are combined. One would not 
expect to go far in an understanding of the 
chemical compounds until one knew something 
of the characters of the elementary atoms. 
Similarly, one cannot go far in the study of 
a society unless one takes into account the 
characters of the individual man and woman. 

Societies and Molecules. Bui there is 
a point at which our analogy breaks down, and 
much is always to be learnt at the point at 
which any analogy breaks down. As a matter 
of fact, if we consider the organic compounds 
we discover that the character of the individual 
atoms seems to go for very little. We may 
find two compounds of markedly different 
nature, which are yet isomeric, each containing 
the same number of the same kinds of atoms. 
In such cases it is the relation of the atome 
rather than their nature that is all important. 
Now, the case of the supreme organic com- 
pound which we call a society differs immeasur- 
ably from that of the organic molecule, just 
because the units of the one are mechanical, 
whereas those of the other are spiritual. In the 
case of a chemical compound, even though we 
admit that the nature of the component atoms 
must be reckoned with, we constantly find cases 
in which it seems to be of trivial importance. 
The all-important thing seems to be the manner 
in which the atoms are bound together. 


The Test of All Societies. Now, it is 
true that societies differ profoundly—as, for 
instance, a military and an industrial society—in 
consequenée of the different manner in which 
their units are related, but this difference is itself 
only a sign of the differing characters possessed 
by the units. Yet again, there is a reaction 
between the spirit of man and its surroundings, 
no that, as never in the case of the chemical 
compound, the character of the society modifies 
and may most profoundly change the character 
of its units. Now, as we shall shortly see, a 
society is not an end in itself. The only reason 
for its existence is that it provides conditions 
for the production of worthy and happy life in 
individuals. Therefore, the one sole criterion by 
which all societies are to be judged ts thetr effect 
upon human nature and the conditiwns of life for 
the individual. 

Here, then, are our propositions dogmatically 
stated ; they are among those truths which have 
only to be stated to find immediate acceptance. 
The key to sociology ‘is human nature. Every 
kind of suciely that was, is, or will be, whether 
Jarge or small, ancient or modern, barbaric or 
civilised, military or industrial, autocratic or 
democratic, dominant or servile, progressive, 
stable, or retrogressive, depends for its characters, 
one and all, upon human nature, upon the tndt- 
vidual, subjective, personal, spiritual, moral and 
intellectual characters of the individuals who 
compose tt. 
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By Professor JAMES LONG 


Forms of Churning. There are on the 
European market nearly 150 varicties of churns, 
of which many are modifications of well-known 
types, a few comparatively new in some feature, 
and the majority but reproductions, more 
skilfully finished and equipped, of churns which 
were used from half a ce ntury to a century ago. 
A good churn should contain as few angles as 
possible. If beaters be uscd, although they are 
quite unnecessary, giving addi- 
tional trouble and sometimes pre- 
venting perfect cleansing of the 
interior, they should not be 
fixed. The opening of the mouth 
should be large, to facilitate the 
cleaning or removal of the butter ; 
the lid should be simply and 
skilfully constructed that it may 
be fixed casily, quickly, and pre- 
vent the escape of cream; there 
should be a ventilator, and a tiny 
window of glass, while the size 
of the churn should be specially 
adapted to the work it is in- 
tended to perform. 

Churns are made in various 
forms. Some are barrel-shaped, 
others square, rectangular, cradle, 
or millstone shaped ; indeed there is scarcely any 
limit to the form which they now assume in the 
hands of manufacturers [27]. The barrel-shaped 
churn is perhaps the most popular—we refer to 
that which revolves end-over-end—for the reason 
that it contains no beaters, and that the lid 
is large and the opening correspondingly so [25]. 
The best utensils arc made of oak, polished out- 
side, and skilfully finished. The chief systems 
adopted by churn makers are: (1) churns 
fixed with movable beaters or dashers within, a 
type common in Denmark, Sweden, and Germany, 
and represented by the Holstein churn, which 
permits of the casy removal of the butter ; 
(2) revolving churns with fixed beaters, somo of 

, which are remov- 
able through the 
mouth; (3) revolv- 
ing churns without 
beaters or dashers ; 
and, (4) the fixed 
churn, within which 
a disc revolves with 
great rapidity. 

Although the end- 
} over - end barrel 

i ae churn is popular for 

26. DELAITEUSE, OR BUTTER the reasons already 
DEYER given, there is pro- 

(Dairy Supply Oo., Ltd.) bably no churn in 





* 
ee - 


when eames 





25. END-OVER-END CITURN 
(R. A. Lister & Vo., Dursley) 


the market which does better work than the 
Holstein. In good hands, however, good butter can 
be produced and a minimum quantity of butter 
fat left in the buttermilk in any well-made churn, 
What the Churn Does. The object 
of churning is to extract the fat from tho 
cream in the form of fine granules [28], 
which, by washing, can be made up_ into 
sweot, well-kecping butter. Where butter is 
over-churned [29], or churned into a 
lump, it is practically spoiled, for 
the buttermilk, Which contains 
impurities, cannot be extracted. 
Tf churning, however, cease when 
the butter has broken, as it is 
termed, into granules about tho 
size of grains of rice, the washing 
which follows removes the butter- 
milk, and consequently the casein 
and sugar that it contains. If 
the temperature of the cream bo 
too high, these granules are soft, 
and adhere to cach other, and thus 
prevent perfect washing. If tho 
granules are tco small, like grains 
of mustard seed, for example, 
washing is still difficult; hence 
the preference of skilled makers for 
the size which has been mentioned. There must 
be no greasiness; on the contrary, by skilful 
manipulation and the aid of very cold water, the 
rice-like grains may be rendered firm and crisp, 
and perfect washing facilitated. No process of 
churning or washing, however. will enable the 
most skilled of makers to produce good butter 
from imperfect milk or cream. 
How to Use the Churn. 
should never be filled too full of 
not, indeed, more 
than one half. 
The larger the 
quantity of 
cream placed in 
the churn, the 
longer the time 
occupied in bring- 
ing the butter, 
while the smaller 
the quantity, the 
shorter tho 
time occu- 
pied. For 
instance, in 
a churn in- 
tended to 
deal with 60 
lb. of cream, 
16 lb. pro- 





The churn 
cream ; 














27. DIAPHRAGM CHURN , 
(Pond & Son, Ltd., Blanaferd) 
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duced butter in 28 minutes; when double the 
quantity of cream was churned, 39 minutes 
were occupied; and when four times the quan- 
tity of cream were used, 85 minutes were occu- 

ied—the percentage of butter produced being 
slightly smaller with the increase in the quantity 
of cream. Cream, however, like milk, does not 
all churn alike; something depends upon thr 
individuality of the cow, and something upon 
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the food consumed. Speed, too, exerts some 
influence, and, as we have seen, the quality of 
cream employed. 

Influence of Cows’ Food on Cream. 
We have much yet to learn as to why the 
cream of one cow is more churnable than that of 
another, and also why cream produced from 
some classes of food is more churnable than 
that produced from others. It is, however, 
well known that where cows are fed upon grass 
in summer, the percentage of fat obtained in 
churning is greater than when the same animals 
ae fed upon hay and certain other dry foods 
in winter. The speed adopted in churning varies 
with the churn and its size; the number of re- 
volutions per minute should be noted, together 
with the results which follow, and the careful 
operator will quickly learn what speed to adopt. 
With the disc churn, butter may be produced 
in five minutes; indeed, with almost any class 
of churn rapidity is followed by the production 
of the butter in a shorter time, but sometimes 
at the expense of cither quality or quantity. 
With the average churn, butter is produced in 
from 30 to 40 minutes, the number of revolution 
varying from 45 to 55 per minute. ' 

Modifying the Temperature. We 
have already referred to the influence of tem- 
perature, but, whatever figure be adopted, 
it cannot be more than approximate, for the 
reason that the fats of which butter is com- 
posed are not all constant in quantity ; the solid 
fats, for examplo, vary as between winter and 
summer, and these fats possess different melting 
points. The influence of temperature is also 
modified by the material of which the churn is 
made, the consistence or richness of the cream, 
and the temperature of the dairy in which tho 
work is performed. A high temperature must 
always be avoided, if it be sufficient to produce 
an approximate oiliness in the cream. If churn- 
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ing be protracted and the cream swe}l in volume, 
or froths, and become, bitter and “sleepy,” 
churning should be stopped, and half the cream 
removed before beginning again ; when hoth lots 
have been converted into butter, the butter 
should be washed with sweet milk, and salted 
with half an ounce of salt to the pound. ; 

What Occurs inside the Churn. 
Before beginning to churn, the vessel should 
be scalded and brought as near as possible 
to the temperature of the cream. If the tem- 
perature be, however, too high, it may be reduced 
with cold water ; or, 1f too low. by scalding again. 
Neither soap nor soda should ever be used to 
clean a churn. After starting to churn, the gas 
within (carbonic acid) should be allowed to 
escape by pressing the ventilator. Steady work 
should be continued until the butter breaks. 
This may be noticed by watching the glass 
of the window, or by listening to the splashing 
of the cream, which changes from a dull thud to 
something like the splashing sound of water; 
while the glass, hitherto covered with a tilm of 
cream, becomes almost clear, and tiny grains of 
butter may be noticed adhering to it. At this 
point the butter should be examined, and, unless 
the grains be quite distinct and crisp, a little cold 
water, a4 near 40° F. as possible, may be added. 
The churn may then be turned gently for a few 
revolutions, in order to increase the size of the 
grains to that of rice or small wheat [28]. 
When this point is reached the buttermilk may be 
drawn off dcugh a strainer, and more cold water 
added for the first washing. 1f the temperature has 
reached 58° F. to 60° F. the colder the water the 
better. The churn may then be rocked and the 
water drawn off through the sieve. Two or three 
similar washings may follow, rocking each time, 
until the water comes away quite clear. The 
work in the churn may then be completed by 
washing with brine made by addingeone pound 
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of dry salt to 1} gallons of water. After drawin 

off the brine, the grains of butter may be remove 

trom the churn with the butter-scoop, either on 
to a wooden trough which some persons use 
for draining purposes, or to the butter-worker, 
where it may remain in a pile in the grain until it 
has drained sufficiently to be ready for working. 
Some makers, however, remove the granules 
of butter into a Delatteuse [26], a hand machine 


» 


which, revolving at high speed, removes the 
water by centrifugal torce. 

The Butter= worker. The _ butter- 
workereis made in two forms—circular [81] and 
rectangular, its floor being either high or low 
in the centre in the case of a circular machine, 
or sloping from the centre to the ends in the rect- 
angular machine to help drainage ; 
but in either case a fluted roller (80) 
passes over the butter, squeezing 














out the moisture, and at the 
same time making the mass 
of grains homogeneous. Care 


must be taken not to smem the 
butter or to cause friction, which 
result in spoiling the grain, nor 
must butter be worked when it 16 
too soft, or upon a table which has 
not been prepared by scalding, 
salting, and = fimshing with 
cold water. 

In making fine, fresh, mild 
butter, brining alone is suffi- 
cient. For mild salting. j 0z, to 
lib. is added by the aid of a 
dredger when the butter is on 
the worker. Shghtly heavier 
salting is the :esult of 3 oz. to 1 
Ib., while for preserving pur- 
poses 7 oz, may be employed. 
The salt used should be of the purest obtainable, 
ground almost as fine as flour, and well dried in an 
oven. Salt attracts moisture, and where excessive 
moisture is present in butter coarse salting is fol- 
lowed by a mottled appearance, which renders 
butter almost unsaleable. Butter should never be 
artifically coloured. If it be pale it may be tm- 
proved by the pe = 
addition of Jer- 
wey or Guernse 
cattle to the herd. 

Handling to 
be Avoided. 
In making up 
butter [80], 
prints and 
moulds are no 
longer used in 
this country in 
the ordinary way, 
although quite 
common on the 
Continent, where 
butter is moulded 
by implements or 
inachines, which 
at the same time 
cut it into various 
weights. English 
butter is usually 
made in pound 
or half-pound rolls, although occasiunally these 
are stam Butter should never be touched 
by the hand. It is a well-known fact thet the 
pores of the skin are the media through which 
perspiration passes, this being secreted by glands, 
and containing not only carbonic acid, but small 
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quantities of urea. In potting or preserving 
butter, well-made tubs or boxes, which should 
be lined with greaveproof paper, or glazed earthen- 
ware vessels should be used. Butter for preserv- 
ing should be churned at 56° F., well rained, 
dried, salted with three-quarters or one ounce of 
salt to the pound, and packed carefully so that 
air is excluded. If it be kept at from 35° F. to 37° 
F. it will keep well and long, but great care is 
necessary from the beginning to'the completion 
of the process. In judging butter, flavour takes 
the first place, followed by grain and toughness, 
and lastly by colour and firmness. Where points 
are adopted, half are given for 
flav our and # quarter for grain. 

Prices. The value of 
milk for butter production 
depends upon its richness 
in fat. The practice of paying 
the farmer upon the basis 
of quality is not only a just 
one but it offers him an in- 
ducement to improve the 
quality and character of his 
herd. The milk aa it arrives 
ut the dairy or factory 
should be sampled and tested 
either daily or weekly, in the 
latter case through — the 
medium of a composite sample 
by the Gerber or Babcock machine, and the 
farmer credited with the percentage of fat which 
his milk contains, and he should be paid ac- 
cordingly. Let us suppose that three farmers, 
A, B, and C, supply milk in similar quantities 
for a similar period, containing respectively 3, 
3}, and 4 per cent. of fat. Instead of each man 

. . - receiving # simi- 
lar eheque, B 
would receive 
one-sixth more 
than A, and © 
one-third more. 
Thus, if 5d. per 
golion were paid 
for milk contain- 
ing 3 per cent., 
6d. for milk con- 
taining 3) per 
eent., and 7d. 
for that contain- 
ing 4 per cent. 
of fat, each 
man sending 3) 
gallons per day, 
or, say, 10,000 
gallons per 
annum, B would 
obtain £41 more 
than A, and C £83 
more. The sys- 
tem of paying on the basis of fut percentage, how- 
ever, may be varied, so that each farmer may re- 
ceive payment for each pound of fat which he sup- 
plies in his milk, the quantity being calculated on 
the basis of the fat percentage. Reform in this 
direction is much needed. 
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By Dr. A. J. HERBERTSON, M.A., and F. D. HERBERTSON, B.A. 


SOUTH AMERICA (7,000,000 sq. miles) ex- 
tends from the Isthmus of Panama to the 
southern extremity of the New World. It is 
longer than North America (4,600 miles between 
Capes Gallinas and Froward), but not so broad 
(3,200 miles between Capes Parina and Branco). 

Coast Line. The Pacific States arc Colombia, 
Ecuador, Peru, and Chile. The Caribbean States 
are Colombia and Venezuela, and, farther east are 
the British, Dutch, and French Colonies of 
Guiana The castern or Atlantic States are 
Brazil, Uruguay, and Argentina. The inland 
States are Bolivia and Paraguay. All are 
republics except the British and Dutch Guianas. 

Gulfs and Islands. The compact form 
and short coastline contrast strongly with the 
indented shape and extensive coastline of North 
America. Notice the absence of inland seas, 
gulfs, peninsulas and islands. The southern 
coast of Chile is fringed with islands and indented 
with fiords recalling the very similar coast of 
Norway. The island of Tierra del es is 
separated from the southern mainland by 
Magellan Strait. a stormy channel leading from 
the Pacific to tho Atlantic. Farther out in the 
Atlantic are the Falkland and South Georgia 
Islands. 

Mountains and Rivers. There is a 
marked similarity in the disposition of the 
mountains, and plains of North and South 
America. South America, like North America, 
is bordered along the whole length of the Pacific 
coast by a high, broad mountain system consist- 
ing of many parallel chains. hese are the 
Andes, or South American Cordillera, corre- 
sponding with the North American Cordillera. 

rom their eastern base stretch vast plains, 
covered with forest or grass, corresponding with 
the central lowlands of North America. East 
of these great lowlands rise the Atlantic High- 
lands, also corresponding with those of North 
America. The Amazon, which corresponds in 
position with the St. Lawrence, separates the 
Guiana Highlands, comparable with the Labrador 
Highlends, from the Brazilian Highlands, com- 
parable with the Appalachians of the United 
States. The different shape of South America 
prevents the formation of a south-flowin 
river on the scale of the Mississippi, wit 
which the Paraguay-Parana corresponds. The 
Orinoco, both in position and direction, suggests 
a comparison with the Saskatchewan-Nelson. 
Interesting as these resemblances are, they are 
more superficial than real, and must not be 
pushed too, far. The fact that the southern 
continent is broadest in the latitude of the 
equator while the northern continent is broadest 
in the latitude of London sufficiently indicates 
how widely the two continents must differ. ° 
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The Andes. The structure of the South 
American Cordillera, or Andes, is not yet 
thoroughly known. Fitzgerald, Whymper, and 
Conway have climbed the loftiest peaks, but, 
brilliant as such feats are, they teach the geo- 
grapher less than does the careful survey of a 
region area by area. The nature of the Andean 
region makes this process a slow one, and it will 
probably be long befure wo know the South 
American Cordillera as we know that of North 
America. 

The Coastal Ranges. The coastal ranges 
of South America are not continuous. 
Colombia they form a densely-forested and 
little-known region, which is separated from the 
Cordillera proper by a depression in which tho 
Atrato flows north and the San Juan south. 
Further south in Ecuador this depression is re- 
presented by the valleys of Western Ecuador. 
From Guayaquil to Arica the coastal range is 
absent, but south of Arica it reappears, the 
Atacama Desert occupying the depression 
between it and the Cordillera South of Acon- 
cagua it can be traced in the mountains which 
form the western boundary of the narrow valley 
of Chile. South of 42° the coastal range is 
represented by the islands of Chiloe, Chonos, and 
Queen Adelaide, and the depression by the 
channel which separates them from the deeply 
fiorded coast of Southern Chile. 

The Andes of Colombia. In Colombia 
the Cordilleran system consists of three chains, 
separated by long, narrow, parallel river valleys. 
These chains diverge to the north, but converge 
in the south to the node or knot of Pasto. 
Between the Western and Central Cordilleras is 
the valley of the Cauca, an affluent of the Mag- 
dalena, which flows parallel to it between tho 
Central and Eastern Cordilleras. The highest 
part of the Central Cordillera is in the south 
where the great volcanoes of Tolima and San Ruiz 
rise to 18,000 ft. The Eastern or Bogota Cor- 
dillera, which is not volcanic, forks, the western 
fork running due north to, the Sierra de Santa 
Marta of the Goajira Peninsula, while the 
eastern fork is succeeded by the Sierra de 
Merida (15,500 ft.) and the northern coastal 
range of Venezuela. 

Many fine views are obtained from summits 
in the Colombian Andes. From the mountains 
above Bogota a magnificent view is had of 
Tolima and San Ruiz, nearly 100 miles to the 
west, their great frozen sides glittering under the 
tropical sun. 

he Andes of Ecuador. In Eouador 
two main chains can be traced, both containing 
many lofty volcanic peaks. In the wes 
chain are Chimborazo (20,500 ft.), lini 
(17,500 ft.), and many others over 15,500 ft. 
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The castern peaks include Cotopaxi (19,600 it.), 
Antisana (19,300 ft.), Cayambe (19,200 ft.), 
Sangai (17,500 ft.), and others almost as high. 

Volganees. Sangai and Cotopaxi are 
seldom at rest. All this region, as well as 
Colombia, is often visited by disastrous earth- 
quakes. : 

The snows of the Eastern Cordilleras of 
Colombia feed the many streams which rush 
down precipitous and densely-forested gorges to 
form the tributaries of the Orinoco. Only the 
extreme south of the Colombian Cordillera sends 
its waters to the Amazon, to which also flow the 
waters of the Eastern Cordilleras of Ecuador, 
through scenery equalling the finest parts of 
the Himalayas. 

The Andes of Peruand Chile. The 
Andes in Peru form three chains, which increase 
in height from north to south. These are sepa- 
rated by narrow river valleys recalling those 
of Colombia. Between the Western and Central 
Andes is the valley of the Marajion, the principal 
head stream of the Amazon. The Central Andes 
are separated from the Eastern Andes of Peru by 
the valley of the Huallaga, which flows parallel to 
the Maraiion, and like it goes to form the Amazon. 
Both turn east and break through the eastern 
chain in magnificent gorges. The three ranges 
converge towards Pasco, near the source of the 
Huallaga, south of which the height of the peaks 
increases. The Ucayali, a tributary of the 
Amazon, gathers up the many streams which 
flow from the Eastern Andes through densely 
forested and little-known country. The eastern 
or Cordillera Real now begins to diverge from the 
western, and between the two lies the loft 
platcau of Bolivia, the Tibet of the Andes. Both 
chains contain lofty peaks. El Misti and others 
in the western chain are not far short of 20,000 
ft.. while [llimani and Sorata in the (‘ordillera 
Real are over 22,000 ft. 

The Andes of Chile and the Argen- 
tine. In the north of Chile and the Argen- 
tine, the Andes form three ranges. The eastern 
chain is divided from the Centra] Andes by a 
plateau over 4,000 ft. above the sea. These 
three chains are replaced by the western coastal 
and main or eastern chain further south. This 
main chain contains the highest peaks, including 
Aconcagua (23,000 ft.), the culminating point 
of the New World. Though Aconcagua can he 
clearly seen from the Pacific coast, its snows feed 
streams which flow to the Atlantic, 700) miles 
away. 

After every kind of hardship, the summit. 
of Aconcagua was reached in 1897, and the 
continent lay spread out below. ‘The line of 
the Pacific stood high on the horizon, stretching 
away foy 150 miles. Range after range of 
mountains could be clearly seen between Acon- 
cagua and the ocean. We seemed to look right 
down into the valleys between these ranges. 
Fifty miles away stood the great snow mass of 
Mercedario, one of the highest mountains in 
the Andes, towering above all the surrounding 
ranges. Of the pampas, or plains, of the Argen- 
tine we could not see anything; there were too 
many high ranges between. To the south the 
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clouds were not high enough to cut off the 
magnificent view of Tupungato (22,000 ft.) and 
the great range to the north, including the 
beautiful peaks of Pollera (19,000 ft.), Navarro 
(19,500 ft.), and Juncal (20,500 ft.), which so 
distinctly mark the boundary line between the 
two republics.” To the north the Cordilleras 
widen out, until at lat. 32° 50’ they rise up from 
Mendoza and continue alnrost to the sea coast, 
a ‘distunce of 130 miles.,. 2. 

The Cumbre Passe. At the base of 
Aconcagua is the Cumbre or Uspallata Pass, 
12,800 ft., leading from Chile to the Argentine. 
There is no pass so low as this for many hundreds 
of miles to the north. It is the route followed 
by the transcontinental line from Buenos Aires. 
A tunnel below the summit of the pass is in 
course of construction. 

The Andes South of Aconcagua. 
South of the Cumbre Pass the Andes are 
narrower, but still very lofty. The great plain 
in which Santiago is situated is not more than 
45 miles to the west from Tupungato. These 45 
miles are filled with range after range of high 
mountains. From the top of Tupungato east- 
wards, a man can look down almost into the 
great plain of the pampas. _ 

Southwards the range sinks as well as narrows, 
to disappear at last beneath the waters of the 
ocean. The mountains rise steeply from the 
Pacific, and the sea has penetrated far up the 
valleys, forming fiords like those of British 
Columbia. Beyond lies a fringe of islands, 
representing the almost submerged coast range. 
At the eastern side are many picturesque lakes 
which recall those of Switzerland or of Scotland. 


Central Lowlands and the Orinoco. 
The Central Lowlands may be grouped as the 
Orinoco Lowland, the Amazon Lowland, the 
Plate or Paraguay-Parana Lowland, and the 
Patagonian plateau. Between the Orinoco and 
Amazon Lowlands rise the Guiana Highlands in 
the east, while the Brazilian Highlands sepurate 
the Amazon and Plate Lawlands: The Orinoco 
rixcs in the Sierra Parime, the south-west part of 
the Guiana Highlands, round the western and 
northern base of which it flows in a semicircular 
course of 1,500 miles, the direct distance between 
its source and mouth being only 500 miles. 

The traveller approaching the coast of Vene- 
zuela notices far out to sea the milky waters of 
a great river, sharply contrasting with the blue 
salt water. This great outflow of fresh water 
convinced Columbus of the neighbourhood of a 
continent, for no West Indian island could feed 
80 great a river. Six or seven of the 70 channels 
which cross its delta are navigable. A waste 
of mangroves fringes the coast, succeeded. inland 
by a labyrinth of vegetation, through whose 
innumerable creeks dart the canocs of half- 
naked Indians. Beyond the swamp-forest of 
the delta the country opens out on the west bank 
to the grassy llanos, which stretch to the horizon, 
apparently level, but really rising imperceptibly 
to the forests, or selvas, at the eastern base of 
the Andes. 

The grass is very luxuriant in the wet season, 
but withers in the dry season, when the vast 
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herds of cattle, horses, and mules, suffer terribly 
from hunger and thirst. 

The tributaries of the Lower Orinoco are the 
Caroni and the Caura, swift streams rushing 
down from the densely-forested wilds of the little- 
known Guiana Highlands. Between their con- 
fluences the Orinoco narrows, and there, at the 
head of tidal navigation, is built Ciudad Bolivar. 
The Lower Orinoco becomes enormously swollen 
in the rainy summer months, and floods the 
lowlands for many miles. 

Quite different in character are the left bank 
tributaries—the Meta. Guaviare and others, 
which come from the Eastern Andes across the 
llanos. These are navigable for hundreds of 
miles, though in the dry season sandbanks 
may interrupt the channel. The Orinoco itself 
is navigable as far as the Atures and Maipures 
rapids, above the confluence of the Meta, 
where the river descends from the highlands to 
the lowlands. These rapids are a step-like 
series of cascades where the river, measuring 
some miles from bank to bank, is broken into 
innumerable narrow channels by rocks and 
islands all densely clothed with palms and other 
tropical trees. 

The course of the Upper Orinoco is through the 
forests of the Guiana Highlands. At no great 
distance helow its source the river forks. The 
Cassiquiari, the western branch, never rojoins the 
main stream, but connects with the Negro 
tributary of the Amazon. 

The Amazon. The Amazon, the largest 
river in the world, rises about 60 miles from the 
Pacific, and after a course of nearly 4,000 miles, 
sours its waters into the Atlantic. Its longest 

ead-stream is the Ucayali, but the Marafion is 
generally regarded as the source. Both the 
Marafion and the Huallaga rise in the Peruvian 
Andes, near Cerro de Pasco, one of the highest 
towns and richest silver mines in the world. 
Both flow north, descending from their lofty 
sources in a series of cataracts and rapids. 
Both at last turn east and break through the 
outer or eastern Andes to the lowlands, forming 
magnificent gorges, through which the river 
roars in cataracts of terrible beauty. Soon after 
entering the lowland the rivers unite, and, after 
receiving the Ucayali, are known as the Amazon. 

The Amazon Forest Lowland. 
Nearly all the Amazon Lowland—an area three- 
quarters that of Europe—is covered with dense 
forest, or selva. No traveller can describe its 
wonders, the luxuriance of its vegetation, and 
the profusion of its species. In it one may 
journey for weeks in any direction without ever 
passing out of the world of trees. The eye 
itself cannot take in ‘the vision. ‘ The whole 
glory of these forests,” says the great naturalist 

allace, “could only be seen by sailing in a 
balloon above the undulating, flowery surface. 
It is, indeed, a magnificent sight to behold a great 
tree covered with one mass of flowers, and to 
hear the deep hum of millions of insects gathered 
to enjoy the honeyed feast, but all this is out of 
reach of the admiring naturalist, It is only by 
the river banks that we can see all the beauty 
of the tropical vegetation. There we find a 
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mass of bushes, shrubs, and trees of every height» 
rising over one another, all‘exposed to the bright 
light and fresh air, and putting forth within reach 
their flowers and fruits which in the depth of 
the forest only grow far up on the topmost 
branches. The huge buttress trees, the fissured 
trunks, the extraordinary air roots, the twisted 
and wrinkled creepers, the elegant palms, are 
what strike the attention and fill the mind with 
admiration.” 

The Middle and Lower Amazon. 
Through this vast forest, the greatest in the world, 
flows the Amazon and its mighty tributaries. 
Of those from the north the Rio Negro is the 
largest. Purus, the long Madeira, Tapajos, 
and Tocantins all come from the south, so that 
the stream of the Amazon is fullest during the 
southern rainy seasons. The main stream is 
often miles in width, bearing many verdurous 
islands on its broad bosom. It breaks up into 
many parallel streams or side channels, along 
which one might travel through the dark re- 
cesses of the forest for many hundreds of miles 
without ever returning to the main stream. 
Along these, Indian tribes who make the forest 
their home push their way in their rude canoes. 
On the main stream there is regular steamer 
navigation. The main stream is navigable 
to where the Marajion issues from the eastern 
wall of the Andes, and most of its tributaries 
almost to their sources. The Madeira, the most 
important, is navigable to the base of the 
Bolivian Andes with a break where there is a 
succession of rapids. , 

The Amazon dav not form a delta, but a great 
estuary, which for the last 250 miles is 50 miles 
wide, and at its mouth as much as 500 miles. 
Up this funnel, the Atlantic tides rush for 500 
miles, often with great violence, forming for- 
midable waves. The influence of the river 
freshens the sea water for 150 miles out to sea. 
Steamers enter the Amazon by the Para River, 
south of the island of Marajo, through narrow 
and intricate winding channels. 

Resources of the Amazon Basin. 
The products of the forest are too numerous to 
be mentioned. The most important is rubber. 
The timber would be of enormous value if it 
could be conveyed to the markets of Europe and 
Asia. The region will develop either by the 
slow growth of small plantations, carved out of 
the forest by the natives with infinite labour 
and patience, or by tradiag syndicates which 
will utilise the timber in the courso of clearing the 
forest, and employ native labour for all work 
involving exposure to heat and rain, 

The important towns of the Amazon are all 
at the confluence of important tributaries— 
Nauta, where the Ucayali joins the Marafion ; 
Manaos, at the confluence of the Rio Negro, 
commanding many routes; Obidos, at that of 
the Trombetas ; Santarem, at that of the Tapa- 
jos; and Para, at that of the Tocantins. 

The Plate Lowlands. If the Amazon Low- 
land be a typical forest land, the Plate Lowland 
isa typical savanaland. The Paraguay, the main 
stream of the rivers flowing to the Plate estuary, 
rises in the plateau of Matto Grosso, in the 
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Brazilian Highlands, and flows due south, 
receiving the Pilcomayo and other tributaries 
from the Andes. These cross the Gran Chaco, 
with its forests and plains of grass dotted with 
innumerable fan-palms, and then emerges into 
the treeless pampas, They pass thus through 
country similar to that crossed by the Meta 
and other Andean tributaries of the Orinoco. 
This region, like the llanos of South America, 
the prairies of North America, the steppes of 
Europe and Asia, and parts of the veldt of 
South Africa, is a great pastoral land, broken 
up for cultivation in the moister richer parts. 
Mounted horsemen, the gauchos, generally with 
“Jndian blood in their veins, follow up vast 
herds of cattle and horses which roam over the 
infinite reaches of the pampas. 

The Patagonian plateau lies east of the Andes, 
descending by low terraces to the narrow coastal 
plain. It is a pastoral land, too dry for much 
agriculture. 

The Eastern Highlands. 
America, the Eastern Highlands are the worn- 
down remains of a very ancient region, far older 
than the highor Western Highlands. They are 
tablelands of the African type, and are divided 
by the Amazon Valley into the Guiana High- 
lands to the north, and the Brazilian Highlands 
to the south of that river. Both are only very 
partially explored. 

The Guiana Highlands. The Guiana 
Highlands are, in a sense, an island, enclosed 
between the Atlantic Ocean, and the Orinoco and 
Amazon rivers, which are connected by the 
Cassiquiari. The whole region is rugged and 
difficult to penetrate, covered either with dense 
forest, or with savanas of giant grass. The 
rivers are wild torrents, forming innumerable 
falls and rapids, and of little use as routes. 
The interior of this region is practically unin- 
habited. As recently as 1900 an exploring 
party suffered intense hardships on the Caroni, 
and the majority perished of the exhaustion 
caused by the difficulty of clearing a track 
and of obtaining food. 

The highest part of the Guiana Highlands is 
round Icutu (11,000 ft.) and Roraima (8,500 ft.). 
The latter, a magnificent table mountain, rising 
above a sea of forests, sends its waters to the 
Caroni tributary of the Orinoco, to the Essequibo 
River of British Guiana, and to the Rio Branca 
tributary of the Rio Negro, whose valley drives 
a wedge of lowland far into the highlands. The 
Sierra Parime, rising steeply above the Amazon 
Lowland, is the source of the Orinoco. 

The Brazilian Highlands. The Bra- 
zilian Highlands are enclosed between the At- 
lantic Ocean and the Amazon and Paraguay- 
Parana rivers which, in the rainy season, are 
connected by the Guapore branch of the Madeira. 
From Cape Frio, north of Rio Janeiro, a line 
of high ground, forming the Minas Geraes, 
Goyaz, and Matto Grosso plateaux, separates the 
rivers flowi rape to a Ra from those 
running south to the ay-Parana, or east 
to the S&o Francisco. The highest summit is 
Itatiaya (9,000 ft.). Muoh of this region is densely 
forested, and difficult to penetrate. Elsewhere 
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As in North ° 


it is a savana land, well wooded in the Matto 
Grosso and other regions, 

Climate. Most of South America lies 
between the tropics, and has a tropical,climate. 
The continent is broadest in the equatorial 
region, and the climate of much of the interior is 
always hot. Contrast this with North America, 
where the continent is broadest in temperate 
latitudes and the interior has a very extreme 
climate. The hottest region in summer (Jan- 
uary) lies between the mouths of the Amazon 
and Plate. The hottest region in July is tho 
northern seaboard. Elevation must, of course, 
be taken into account. In the Andes we have 
the same succession of zones (tierra caliente, tierra 
templada, and tierra fria) as in Mexico and 
Central America. South of the Plate Estuary 
the summers are those of Southern Europe, 
and the winters those of the British Isles. In 
the extreme south, both summers and winters 
are those of our own country. 

The rainfall of the Amazon basin is heavy at 
all seasons, but especially at the equinoxes. The 
Guiana coast, also, has heavy rains at all seasons. 
Dry areas are found on the west coast in Peru 
and Chile, in the trade wind area, and in the lee 
of the Eastern Andes, in the west wind belt. 
The rest of the continent has a rainfall of 
from 40 in. to 60 in., with dry winters. There 
is a relatively dry area in Brazil, round the 
middle of Sdéo Francisco, where the Brazilian 
Highlands are high enough to intercept the 
Atlantic winds. The valley of Central Chile 
has winter rains, and may be compared with the 
valley of California. 

Vegetation. We have already scen how 
dense is the vegetation of most of tropical 
America. The Amazon forest is the greatest in 
the world. All tropical species are represented, 
but rubber is the most important commercially. 
On the slopes of the Andes, the cinchona-tree, 
furnishing quinine, is extremely abundant. 

These selvas of the Amazon Lowlands pass into 
the llanos of Venezuela in the north and the 
pampas of the Argentine in the south. There 
are open or parklike woodlands or campos in 
many parts of the Brazilian Highlands. | Pata- 
gonia is poor steppe land, with the characteristic 
thorny vegetation of a dry climate. The Pacific 
slopes of Southern Chile have coniferous forests 
like those of British Columbia. 

The cultivated plants are mainly those of the 
tropics. Cacao is an important product of the 
cultivated slopes of the Andes, sugar of the 
Guiana Lowlands, and coffee of the cultivated 
Atlantic slopes of the Brazilian Highlands. 


Outside the tropics in the Plate Lowlands wheat 
is a crop of ever increasing importance. ~ 
Population and Occupation. No con- 


tinent presents greater contrasts than South 
America. Round the coast we have a few 
great cities which will bear comparison with any 
in the Old or New World. In the heart of the 
continent we have tribes of wandering Indians, 
ignorant of all arts except aiagpten the manu- 
facture of the needful weapons, and the building 
of rude canoes. Between the two every grade 
of civilisation is found. 


South America, backward and thinly peopled, 
presents a striking contrast to North Americu, 
with its denser and intensely progres ave popula- 
tion. @he explanation is mainly geographical. 
The density of the forest in the lowlands and 
the rugged character of the highlands have made 
the opening of routes very difficult, and have 
checked the growth of population and the 
spread of civilisation over a great part of the 
continent. This is most cnacreed in the forest 
region, where the native tribes are at a far 
lower level than were the prairie Indians of 
North America. It is instructive to compare 
these backward forest tribes with the relatively 
high civilisation which the European discoverers 
of South America found in the Highlands of Peru. 

While the geographical conditions were un- 
favourable to the rapid advance of the native 
races, the situation of the continent in tropical 
latitudes was equally unfavourable to its coloni- 
sation and development by Europeans. North 
America, with its great extension in temperate 
latitudes, made an admirable home for the most 
vigorous European races, who rapidly multiplied, 
and filled up the continent. South America, 
except in the south, was unsuited to Europeans, 
who confined their settlement {5 the coast, and 
did little to develop the interior. 

Agriculture and Manufactures. Agri- 
culture is confined to the margin of the 
continent. In the grasslands horses, cattle, 
mules, and sheep are bred in enormous numbers, 
sheep being found in the drier areas—such as 
Patagonia. Notice that while North America can 
consume much of the meat it raises, South America 
has not a sufficient population to do so ; also that 
the difficulties of transport make the preparation 
of meat extract an important industry, as 
the value is high in proportion to bulk and the 
cost of transport. North America, with its 
excellent communications, adopts less wasteful 
methods of preserving meat. Hides are an 
important export from South America. In North 
America the manufacture of boots and shoes 
ix very important in the towns east of the ranch- 
ing prairies, but South America is too thinly 
peopled for manyfactures. 

In the tropical forest, rubber and other forest 
produce are collected, and sent down the Amazon. 
It is easy to see why lumbering has not become 
important. Felling a tree in the climate of the 
tropics is a very different matter from felling a 
tree during the bracing Canadian winter, even if 
suitable labour were abundant instead of scarce. 

The last occupation to note is mining. Many 
parts of the Andes are rich in minerals, and the 
gold and silver mines in particular have been 
worked for centuries. In the east, both the 
wuiana and Brazilian Highlands are rich in 
old, and the latter also produce fine diamonds. 
‘he more useful metals only wait for a popula- 
tion to exploit them. The alkaline ol ae 
of the Atacama Desert of Chile are valuable 
‘fertilisers in great demand for agricultural 


purposes. 

Races and Religion. The aboriginal 
races, pure and mixed with European blood, form 
the bulk of the population, which is estimated at 
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38,000,000. The Europeans are mainly of 
Spanish and Portuguese descent, the latter 
especially in Brazil. Negroes and coolies from 
India have been introduced for plantation work 
in the east. In recent years there has been a 
large influx of Germans into Southern Brazil, and 
of Italians into the Argentine. The predominant 
religion is Roman Catholic; the language and 
general mode of life Spanish or Portuguese. 

Venezuela. + Venciuele (600000 #4. miles) 
consists of three distinet regions: (1) the moun- 
tains in the north-west, including the coastal 
regions borde:ing the Caribbean Sea; (2) the 
anos or grassland» of the Orinoco ; and (3) the 
Guiana Highlands in the south-east. 

The climate is tropical in the lowlands, but in 
the mountains tierra caliente, tierra templada, 
and terra fria are well-marked. Still higher in 
the west are the paramos—bleak, treeless pastures, 
which extend to the snow line. Cinchona is 
abundant in the higher forests, in the clearings 
of which are grown potatoes, pulses, and the 
hardier cereals. In the middle zone the forests 
contain magnificent tree ferns, and in the valleys 
und plateaux bananas, coffee, sugar, ete., are 
cultivated. In the lower or palm forests the 
most important crop is cacao. Much chocolate 
is made from local sugar and cacao. Merida is 
the chief centre in these western mountains. 

The less lofty eastern Caribbean ranges do 
not rise above the forest line. Here are situated 
the principal inland towns—Caracas, the capital, 
and Valencia—both in the coffee-growing region, 
and the port: of La Guaira and Puerto Cabello. 
A difficult line crosses the coastal range from La 
Guaira to Caracas, zigzagging 25 miles and 
climbing 5,000 ft. to reach a town distant only 
about six miles as the crow flies. From the 
Kummit of the pass Caracas is seen, 3,000 ft. 
below, laid out, like all South American towns, 
in blocks with rectangular streets of low, one- 
ntoried, white, red-roofed houses, set among 
green suger plantations, beyond which a parched 
plain stretches to the encircling mountains. 

The Hanos. with their vast herds of horses and 
cattle, have already been described. The 
forests and minerals, including gold, of the 
Guiana Highlands should one day become very 
valuable, and the Orinoco a great commercial 
highway. At present the chief town, Ciudad 
Bolivar, is a place of little importance. 


The Guianas. Notice in the map how 
many rivers cross British Guiana, the largest 
heing the Esrequibo. For 20 miles inland the 
coast originally consisted of mangrove swamps, 
flooded at high tide. They were dyked and 
drained by the Dutch, and these reclaimed 
lands, in which sugar is the chief crop, are 
practically the only cultivated or inhabited part 
of the Colony. The highlands aro rich in gold, 
as well as in forest produce, but cannot at 
present be developed, owing to difficulties of 
communication. The capital is Georgetown, on 
the Demerara River, where rum and molasses 
are made from local sugar. 

Dutch Gutana (46,000 sq. miles), capital Para- 
maribo, is very similar in character. French 
Guiana (30,000 sq. miles) is little developed, and 
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is used a8 a penal station. The capital is St. 
Louis, or Cayenne. 

Brazil. The United States of Brazil (3,300,000 
sq. miles) is, roughly, as large as Canada, the 
United States, or Australia Its potential wealth 
is onormous, but only the fringe of the country is 
yet developed It is essentially a tropical land. 
Only the extreme south is really fitted for 
European settlement. 

Brazil consists of the vast forested Amazon 
Lowland, in the equatonal hot wet belt, and 
of the Brazilan Highlands, a rugged region 
covered with forests or wide, open grassland» 

The forest region of the Amazon is almost 
unexplored, and very thinly peopled by Indian 
tribss. Rubber and other forest produce is 
collected and sent to the towns, especially to 
Manaos, but also to Obidos, Santarem, and 
others, all at the junction of river routes, whence 
it is forwarded to Para or Belem, the great 
rubber port Some forest produce is also 
shipped from San Liuz, or Maranhao, and Ceara, 
or Fortaleza, both east of the Amazon estuary. 

The agricultural regions of Brazil are along 
the east coast Sugar, cotton, cacao, and 
tobacco are grown mm the State of Pernambuco, 
in the north-east, and exported from the port 
of that name, and from Bahia or San Salvador, 
in the neighbouring Ntate of Baha Gold and 
diamonds are abundant in the States of Bahia 
and Minas Geraer, where all minerals are widely 
distributed. The latter state 1s in the grazing 
zone. Some cotton and much coffee is grown in 
the State of Sio Paolo, the capital of which has 
the same name, and is exported from Santos. 
Some coal is worked in Rio Grande do Sul, where 
cattle raising is important. 

The Federal capital is Rio Janciro [148], on a 
harbour of extraordimary beauty. The city, 
which has a bad reputation for health, is laid 
out, like most South American cities, on the 
chessboard plan. 

Uruguay. Uruguay (72,000 sq. miles) is a 
savana land, lying east of the river Uruguay, 
which flows to the Plate Estuary. Its winters 
are warm, and the summer heat is tempered 
by the Atlantic. The chief occupation is the 
raising and slaughtering of cattle. The slaugh- 
tering centres are Montevideo, the capital, and 
Paysandu, where choice tongues are canned. 
Fray Bentos, south of Paysandu, makes meat 
extracts. Much of Uruguay is well suited for 
wheat growing, which will doubtless develop. 
The mineral wealth is considerable. Salto is the 
centre of the mining district. 

Paraguay. Paraguay (140,000 sq. miles) 
lies between the Pilcomayo and the Parana, both 
joining the Paraguay, which bisects the country. 
There are magnificent forests in the hillier parts 
of the country. Much of Paraguay is well suited 
for agriculture. Yerba maté, or Paraguay tea, 
@ native plant, which is in great demand 
throughout South America, is an important 
oa Cotton, indigo, and rubber also grow 

id. Sugar, rice, tobacco, maize, coffee, and 
many fruits, can be cultivated. Cattle, horses, 
and sheep are bred. The capital is Ascuncion, 
on the Paraguay. 
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Argentina. Argentina (1,800,000 sq. miles) 
largely consists of flat treeless pampas. In the west 
the country rises to the base of the Andes, where 
the climate is dry and many rivers end‘in salt 
lakes or swamps. The mountain streams make 
irnigation easy, and as this increases, much 
fertile land will be brought under cultivation. 
Tn the north, Argentina includes much of the 
forested Gran Chaco, which supplies valuable 
timber. Patagonia, in the south, is steppe or 
shingly desert in the east, but becomes wooded. 
towards the Andes The valleys are generally 
fertile under irngation [147]. : 

In the north of Argentina, the climate is 
tropical, and sugar, cotton, maize, tobacco, etc., 
are grown. In the pampas region, the climate 
becomes temperate. The seasons are warmer 
than in Canada, but in some respects the two 
countries may be compared In both a great 
river opens out the country from the east, 
forming an outlet for the vast plains, where 
btock-raiing and the cultivation of cereals 
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important. Ina few years Argefttina will compete 
with Canada as one of the great wheat lands of tho 
world Maize is also largely grown. As in 
Canada, the advance of settlement leads to the 
introduction of mixed farming, and the growth of 
dairy industries. After Australia Argentina is 
the chief sheep-farming country in the world, 
but Argentina wool is inferior to Australian. 

Buenos Aires, on the Plate Estuary, the largest 
city in South America, has grown enormously in 
the last twenty years. Its miles of docks, spacious 
streets, handsome buildings, and scores of parks, 
make it one of the most imposing cities of the 
New World. Other important towns of Eastern 
Argentina are La Plata, the capital of the fertile 
state of Buenos Aires, south of the Plate 
Estuary, and Bahia Blanca, its southern port. 
On the Parana are Rosario, the second city in the 
country, to which the wheat ships can penetrate, 
Santa Fé, in a rich agricultural region, and Cor- 
rienates, in hotter zone, where subtropical crops 
can be grown. 


In Central Argentina the land rises gradually 
to the west, in parts of which irrigation is neces- 
sary. The mineral wealth is considerable, but 
undeveloped. The chief towns are Cordoba, 
San Luiz, gnd Santiago. 

Western Argentina is as yet thinly peopled. 
In the north Tucuman is the centre of a sugar 
region. The cultivation of the vine is becoming 
important in the irrigated land at the base of 
the Andes. Salta and Mendoza are the chief 
towns of the vineyard districts. Stock-raising 
and mining are the other occupations. At 
present the cost of transport to the sea is very 
high, but this will diminish with the opening of 
the trans-Andean line to Chile. 

Railways can be cheaply built in most parts 
of Argentina, owing to the flatness of the country. 
They now connect all the principal towns. 
The transcontinental line from Buenos Aires 
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irrigated ; (3) the fertile valley of Central Chile ; 
and (4) the colder, wetter south. 

Northern Chile has rich deposits of nitrate of 
soda, but these occur at an elevation of 2,000 ft., 
in an absolutely desert, region. All necessities 
of life, including water, must be transported 
at great expense, so that only the richest fields 
are worked, and there is no permanent ad 
tion. The nitrate ports are Iquique andi nto- 
fagasta. From the latter a railway runs across 
the Andes to Lake Titicaca. Copper is abundant, 
but difficult to work. The mines are often 
in inaccessible regions of the Andes, and at an 
elevation where the rarefied air makes exertion 
fatiguing The chief copper port is Coquimbo. 

The fertile valley of Central Chile is the great 
centre of agriculture and population. All Medi- 
terranean fruits and cereals can be grown south 
of 30 deg. 8. The vine is largely cultivated for 





147. THE MOST PROSPEROUS BELT OF SOUTH AMERICA 


to Valparaiso, by Mendoza afftl the Cumbre 
Pass, is approachmg completion, but a section 
has still [1906] to be done by mule. 

The Falkland Islands. This group of two 
large and many small islands forms a British 
Crown Colony. The rugged surface consists of 
moorland, which forms good sheep pasture. The 
strong Atlantic gales make the islands destitute 
of trees. The only town is Port Stanley. 

Chile. Chile (295,000 a4. miles) occupies the 
western slopes and valleys of the Andes south of 
[8 deg. S. Between 2,000 miles and 3,000 miles 
m length, it is only 100 miles wide, but com- 
munication across it is made difficult by the 
—— of the coastal range, which extends as 
ar south as 40 deg. 8. Owing to ite great length 
from north to south, and its varied. elevation, 
Chile has a great range of climate. 

Chile consists of (1) a rainless northern region, 
the Atacama Desert ; (2) a dry zone, fertile where 


2n G 


wines and raisins. In the centre of the valley 
is Santiago, the capital, with a fine view of the 
snowy Andes. Its port, Valparaiso, destroyed 
by an earthquake in 1906, the great outlet for 
the very: 55 miles distant, is reached by a 
railway 115 miles long, which has to climb 
the coastal range. Talca, Concepcion, and Val- 
divia are the other centres of the valley, where 
many small towns are growing up, each with jts 
distilleries to turn out the cheap spirit—aguardi- 
ente—which is the curse of Chile. Coal is mined. 
Southern Chile is as yet thinly peopled. Both 
the mainland and the islands are densely 
forested, but as the timber cannot compete 
with that of Oregon or British Columbia, the 
process of clearing will be slow. Root crops 
do well, and the island of Chiloe claims with 
Peru io be the original home of the potato. 
Most North European crops can be grown 
except in the extreme south, which is too wet 
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for cereala to ripen. The mineral wealth is 

robably considerable. Seme gold is worked. 
The port is Punta Arenas, on Magellan Strait, 
The areas of Tierra del Fuego is partly Chilean, 
parti ntime. 

Peru. eru (460,000 sq. miles) is north of Chile 
on the western and eastern slopes of the Andes. 
It consiste of (1) a desert coastal region, fertile 
only where crossed by rivers from the Andes ; 
(2) the sierra, or Andean region of mountains, 
valleys, and plateaux; and (3) the montana, or 
forested slopes of the Eastern Andes, sinking to 
the plams of the Amazon. 

The coastal desert is fertile where it can sg 
irrigated, produci ar, cotton, cereals, 
lucerne, vines, and Frit Lima, ” capital, is 
separated by eight miles of desert from its port 
Callao. The line between them is continued 
over a pass 16,560 ft. to Oroys, whence it is 
continued to Cerro de Pasco, the silver town in 
the heart of the Andes. Arequipa, in Southern 
Peru, finely situated at the base of the volcano 
El Misti, is separated by 60 miles of desert from 
its port, Mollendo, the starting point of a line 
which climbs the Andes over a pass of 14,650 ft. 
to Lake Titicaca, on the Bolivian Plateau, 
12,500 ft. above the sea 

The sierra region is about 250 miles wide, 
and contains many fertile plains and warm, 
sheltered valleys in which cereals and fruits can 
be cultivated. The domesticated alpaca and 
wild vicufia supply fine wool. The mineral wealth, 
especially in silver, is v at. In the lofty 
plains enclosed by still loftier mountains are 
many finely-situated towns, each surrounded 
by 8 fertile district. Puno, on Lake Titicaca, 
in the midst of a silver-mining region, is the 
terminus of the line from Mollendo, which is 
continued to Cuzco, 11,000 ft. above the sea, the 
old capital of the Incas or native rulers of Peru. 
The rich silver mines of Cerro de Pasco have 
already been mentioned. 

The montana, or forest region, is drained by 
the tributaries of the Amazon Cacao, coffee, 
etc., are grown in the ravines. The forests pro- 
duce cinchona and rubber. 

Bolivia. Bolivia (570,000 sq miles) continues 
the sierra and montana regions of Peru. It 
consists of a lofty plateau in the west, and in 
the east of the forests of the Eastern Andes and 
the forests and savanas of the Upper Madeira 
and Pilcomayo basins. 

On the plateau mining is still important, though 
the famous silver mines of Potosi are declining. 
Cattle are kept on the grasslands, and agriculture 
is important in the valleys. Cinchona and rubber 
are dant in the forests of the Eastern Andes. 

The capital, La Paz, on Lake Titicaca, is 
connected by a steamer service on the lake with 
Puno, and by the railways with the coast. It 
has a | trade in quinine and cacao, both 
collected the Eastern Andes. 

Ecuador. Ecuador (120,000 sq. miles) con- 


sists of (1) a coastal region which ine the rich 
valley of the Guayas with ite cacao plantations, 
bat mes Gry and barren the Peru- 


vian frontier ; (2) a sierra region, resembling that 
of Peru, with agriculture and cattle-raising as 
the chief occupations; and (3) the montana, 
or forest region, also resembling that of Peru. 

On ye coast rig vapiel ae a important 

of Guayaquil, at mou uayas 
Valley. From Guayaquil a railway climbs to 
the Andean region, where the usual climatic 
and vegetation zones are distinguished. There 
are, as in Peru, many towns in lofty but 
cultivable basins surrounded by mountains. 
Of these the most im t is Quito, the capital, 
9,000 ft. above the sea in a fertile valley bordered 

volcanic cones. : 

Colombia. Colombia (510,000 sq. miles) 
occupies the north-western angle of South 
America. The Colombian Andes broaden out into 
three chains exclusive of the coastal range, and 
between these are the valleys of the Atrato, 
Cauca, Magdalena, and of affluents of the Orinoco 
and Amazon. In addition to the Andean region, 
with the usual zones, Colombia thus includes , 
the valleys of these rivers, that of the Cauca- 
Magdalena being the chief artery of a country 
where roads and railways hardly exist. 

The usual range of products is found in the 
Ander, coffee being the most important. Large 
herds of cattle are kept in the Ilanos of the lower 
river valleys, and there is some mining. The 
largest town is Bogota, situated in the midst of a 
lofty savana or plateau of considerable extent 
(2,000 sq. miles). The on the Carib- 
bean coast are Puerto Colombia or Sabanilla, 
and Cartagena. Barranquilla is the river prot 
of the Magdalena. Buenaventura is the only 
important place on the west coast. 

Conclusion. Such, briefly surveyed, is 
our world. The year has brought its changes, 
startling or imperceptible. Earthquakes have 
Jaid great cities in ruins, but they will rise anew 
from ther ashes. A new tunnel pierces the 
Alps, drawing north and south still a few miles 
nearer, new railways have been surveyed in 
many lands, new fields have borne their first 
harvest, new millions have been added to the 
future workers of the world. He who would be 
abreast of eventa must daily, with 
and atlas, note ,the changes, great or small, 
which each daygbrings. Each of these is at once 
cause and effect, the product of the past, and the 
parent of the future. 

The next series of leasons in this course shows 
how man uses some of the world’s varied products. 
Many volumes would got exhaust the subject, 
for man’s ingenuity is as unlimited as the bounty 
of Nature. Each year’s os alae show the vast 
ssa in sary wo pe tohanem measured by ite 
producing and purchasing power. 

Our last th like our first, can hardly be 
other than one of reverence for the great physical 
laws which hold our world true in its course 
through space, and give seed-time and harvest in 
their season, and stiff more for the imperious law 
within man himself, which urges humanity on- 
wards towards of which even the highest 
races are but faintly conscious. 


Politieal Geography concluded ; followed 
Boe Gee " 
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"THE transmission of cash entails a certain loss, 

and the continued necessity for this in 
connection with an outlying branch bank in a 
new country might result in the ultimate 
closing of that office in consequence of the 
endless expense and risk. In this country these 
factors are, of course, very much modified, 
especially in Scotland, owing to the peculiar 
advantages which that country enjoys in her 
note issues. 

Scottish Bank Notes. The bank: in Scot- 
land are ten in number, all of which are joint- 
stock companies possessing the right of issue. 
The amount which each is authorised to issue 
without security is fixed by the Act of 1845, 
being the average amount in circulation at that 
time. The authorised amounts can be (and are) 
exceeded by the banks against bullion held by the 
head office. One-pound notes are allowed and 
circulate largely, while the issues only lapse if 
they are voluntarily relinquished or if the bank 
becomes bankrupt. These privileges enable the 
banks to maintain the branches (numbering, at 
the close of 1905, 1,161), which are thickly 
scattered all over the country, and which aro 
found even in the poorest and most sparsely 
populated localities. The Bank of England notes 
in the till of an English branch bank represent so 
much capital unemployed. The notes of a Scotch 
bank in its tills are nothing but its own 10 U's. 
Until these are issued, the banks are not required 
to keep a single penny as reserve, which even 
then does not leave the head office. Again, 
while the expense in remittance of coin is heavy, 
it costs little to transmit £1 paper notes. 

Scottish Banking. The actual banking 
business does not in any great degree differ from 
that in England. The cash credit (an advance 
made to a person of undoubted probity but of 
small means on the personal security of his friends, 
with an ulterior view to an increased note issuc, 
which last, before 1845, cost the bank nothing) 
has, owing to tho increase of individual wealth, 
lost its great importance; but the efficiency 
of the note exchanges, whereby a note, should 
it come into the hands of another bank, is at 
once returned to the issuer, is still a matter of 
which Scottish bankers can be justly proud. 

The rise of Scotland to ita present position 
from the semi-barbarism of two centuries 

is due in great measure to the note issues 
her banks and to the wisdom with which 
they have been employed, and affords one of 
the most striking examples extant of a well- 
‘managed system of credit, forming, in the hands 
of an industrious people, the means of transi- 
tion from pip tee wealth, and of laying the 
foundations of a lasting prosperity. 


The forms in which deposit business is carried 
on in this country are three in number—deposit 
accounts and ueposit receipts (bearing interest), 
and current accounts, on which no interest is 
allowed. 

Current Accounts. If any person de- 
sire to deposit with a banker a sum of money 
which he wishes to be able to withdraw when he 
pleases, he will seek an interview with the latter 
on the subject. The banker, if the applicant is 
not already known to him as a person of 
respectability and integrity, will require some 
recommendation from a mutual acquaintance 
(this usually taking the form of a letter of 
introduction) in order that he may assure 
himself that the individual to whom he proposes 
to give the power of drawing upon him is not one 
who is likely to misuse such a privilege, and 
indirectly involve the bank’s name in some 
disreputable transaction. A form may be signed 
by the customer agreeing to certain conditions, 
one of which may be that a minimum balance of 
a certain amount must at all times be kept. 
He will, in every case, fill up a slip showing the 
particulars of the sum paid in, and be given a 
cheque book (paying for the value of the penny 
stamps on the forms therein), and very probably 
a passbook, in which the sums received and the 
cheques paid are entered. The client may, 
however, prefer to have a statement of his 
account rendered to him periodically, and may 
take for each sum paid in an initialled duplicate 
paid-in slip or other receipt. ; 

Should the client desire to remit an amount 
due by him to some correspondent, he can now, 
in pate of obtaining a money order or bank 
draft, fill up a cheque form, converting it into 
an order on his banker for a certain amount, 
and remit it without further trouble to his 
creditor. The trouble and risk of paying in 
cash to his local creditors is also obviated by 
the use of his cheque book. 

Deposit Accounts. If. however, the 
client is not in trade, and has few payments 
to make, he can have but little use for a current 
account, while he may have a large sum for which, 
at the moment, he cannot find use, and on which 
he desires to receive interest. In this case the 
amount will be placed in the deposit ledger and 
will bear a rate of interest varying with the 
Bank of England discount rate. <A receipt may 
or may not be issued to the client at the same 
time. 

The bank may, however, on recciving such 
deposits, grant receipts payable on demand, or 
at short notice, but keep no ledger account, the 
receipts being numbered consecutively, and 
their particulars being entered, when issued, in a 
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register kept for the purpose. An index is 
attached in which the numbers of the outatand- 
ing receipts are shown under the heading of each 
client. On a deposit receipt being presented for 
payment, this register is consulted, the particulars 
agreed, the date of payment entered in the 
column provided, the interest calculated, any 
sum to he withteawi aid, and a new receipt 
issued for the balance. Such areceipt is never re- 
issued, even caeabe a it has only been presented 
for the addition of interest due. The receipts 
outstanding may periodically be transferred in 
brief form to another register, a distinguishing 


mark being put against the original entry and 
the receipt marked off, when paid, in the second 
register. 


Deposit Receipte for Fixed Periods. 
The practice of banks limiting their operations 
to this country is to confine themselves to 
receiving deposits at call or at short notsce ; but 
banks plier funds in the Colonies, or 
in foreign countries, obtain a large amount of 
deposits for fixed periods—say, of six months, 
or one, two, or more years. This money (which 
may be obtained through ial agents) bears 
a high and uniform rate of interest. Interest 
is usually paid half-yearly, or at the termina- 
tion of the deposit, come tax being deducted 
by the paying bank from all such interest, 
and aicounted for by it to the Inland Revenue 
authorities. It 1s important in connection with 
the issue of all deposit receipte to fill in the 
year of issue in a sufficient number of forms 
atthe beginning of a new year, to prevent the 
possibility of any joss occurring through a 
receipt being dated a year prior to the actual 
date of issue. 

Overdrafte and Ledger Loans. If 
a customer of a bank exhausts the balance 
standing to his credit in the bank books, he may, 
after ascertaining that the banker is agreeable 
to such a course, continue to draw cheques, the 
payment of which leaves him in debt to the bank, 
the amount due varying from day to day. He 
is thereupon said to have overdrawn his account. 

Ins of doing so, he may arrange with the 
banker for the loan of a certain sum for a definite 
period (usually against security), the amount 
of which is transferred to his current account to 
be drawn against in the same manner as if the 
actual cash had been deposited. The period 
for which the loan is granted may vary greatly, 
but will hardly ever exceed a year, a long out- 
standing inoperative loan being the particular 
aversion of any good banker 

The expiry of a loan provides an excellent 

unity for revising the conditions under 

ich it is Se arranging for its 

repayment, to ich, in the case of a running 

overdraft, might be taken to imply, unless great 

tact be exercised, a want of confidence in the 
position of the client. 

Bill Diecounting. The discount of bills 
forms a third method of locan, possessing 
several distinct advantages. A banker 
the bifis in his ease bear good names, count upon 
receiving their amounts at maturity without 
fail. A merchant, in accepting a bill, gives his 
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Gaetan ne 1 pay 6 spent ed sum on @ certain 
day. He knows that he will be called upon to 
do so, and that any failure to honour his own 
may mean his commercial ruin. He therefore 
takes good care to provide for such liabilities, 
although he oad regard the repayment of a 
loan with his banker very differently and, should 
the latter request this, look upon his action as 
an unwarranted affront, transferring, if he finds 
it possible, his custom to another institution. 
The facihty of re-discount of bills with bill- 
brokers is largely exercised by certain banks, 
who are thereby easily enabled to raise what- 
ever sum they may at the moment require. The 
discount of bills on London enables provincial 
banks to provide themselves with an ultimate 
means of replenishing ther Longon accounts, 
while it must not be forgotten that banker's 
discount exceeds somewhat the true discount 
of any bill, and that in consequence the 
return to the banker is greater than appears at 
first sight. 

Calculation of Interest and Diecount. 
The banker’s discount on a bill is readily 
arrived at, being simply the interest on the 
full amount for the days it has still to run. 
The calculation of interest on fixed loans is 
equally easy, but the reckoning of that on 
an overdrawn account is a more difficult 
matter. The balance at the end of a day’s 
transactions (shillings and pence over 10s. 
being taken as £1) is multiplied by the number 
of days for which it is current, and the 
result (which gives the days for which £1 would 
require to be lent to earn an equivalent amount 
of interest) is entered in a column provided 
for the purpose. At each change of rate, or 
at each half-yearly balance, this column is cast 
and the interest calculated by means of tables. 
In the case of ay may accounts (where the 
transactions are few), the interest on each 
balance current for any time being may be 
calculated separately 

e procedure detailed above cannot be 
adopted with deposit receipte bearing a varying 
rate of interest, for which another method is 
utilised. This is the valuation of the rate of 
interest due for each day in terms of a common 
basis of, say, 5 per cent.—a practice best 
sig gre by an actual instance. 


the book kept for the pw the figure 
of 3630°2 may appear against mber 3ist, 
1905. If the current rate is 2 per cent., the 


clerk will enter against January Ist, 1906, the 
figure 3630°6 (2 per cent. being -4 of 5 per oent.), 
ee eee ey eee 
3ist and paid on the following da sing equal 
to ‘4 of one day at 5 per cent. If on January 
Ist the rate is altered to 2} per cent., the 

9631:1 will be entered against January : 
A receipt dated 2nd February, for 
payment on July 30th, if the figures for these 
dates are 36612 and 3720'1 respectively, beacs 
589 days’ interest at 5 per cont. 

ttance 


for 


towns, or for issuing, when requested, his draft 
on these places. e commission charged 
may vary greatly, and if the transactions 
between, the two localities are limited, the 
means of transit few, and a balancing trans- 
action hard to obtain, the charge made will 
be correspondingly high. An increase in the 
charge is in the nature of an insurance 
against the possibility of loss attending the 
banker’s efforts to find someone with whom he 
can afrange a transaction to reimburse him or 
his correspondent. 

Sometimes, however, the banker’s charges 
include an insurance against possible loss 
through failure on the part of his client. He 
may be asked by a client to accept bills drawn 
upon him on account of the latter, and if he 
is satisfied with the business and the security 
offered in connection with it, he wil] do so on 
his commission being paid. Similarly, he may 
endorse bills for his customers, for a considera- 
tion. The object of his acceptance or endorse- 
ment is to allow of the bills being discounted 
or sold by the holders to the best a 

It is a very common custom for the clients 
of a country bank or branch to make their 
bills payable at the office of the bank's London 
office or correspondent, in order to facilitate 
their discount. These will be retired by the 
London office on receipt of advice from the 
country banker, a certain charge being made 
by the latter for the trouble given. A varying 
charge may be made either yearly or half-yearly 
on those current accounts which do not show 
a sufficient running balance to compensate the 
banker for the work attendant thereon. 


Securities and Periodical Paymente. 
The banker invariably undertakes the custody 
of any securities deposited with him by his 
clients free of charge, and will also attend to 
the collection (either with or without charge) 
of coupons attached to the relative bontle 
Due care must be taken to register in dia 
form the dates on which these coupons fa 
due, in order that, some little time beforehand, 
they may be cut from the sheets and forwarded 
for collection or sale, as the case may be. If 
the coupons are payable in a foreign country, 
they will be sent to the London correspondent 
either for collection or sale (in the latter case 
the coupons bag A bought by some dealer in 
exchange as if they were bills); but those 
payable in this country will be remitted for 
collection to the place of payment. Income 
tax on all coupons is deducted and paid by the 
banks to Government, forms provi by the 
Inland Revenue authorities being, in the event 
of the client wishing to reclaim the amount, 
completed, signed, and handed to him. 

e sale and purchase of securities may be 
attended to by the banker on ehalf of 
clients who have securities deposited with 
him, either for safe custody or in security of 
loans. The business is a profitable one in 

uence of the return commission allowed 
by the stockbroker. 

The banker will also undertake to see to the 
payment of club subecriptions, insurance pre- 


miums, pensions and allowances, in accordance 
with instructions received from his clients. 
In this connection it is necessary to exercise 
great care lest any payment is made after the 
relative instructions have been cancelled. The 
card system can be advantageously used in 
connection with such payments. The particu- 
lars of the payment and of the authority are 
entered on the face of the card (the dates of the 
payments made being detailed on the back), 
and the cards sorted into a case or file in the 
order of payment. After the payment has been 
made, the card is replaced in accordance with 
the date of the next payment. The system 
provides at the same time a diary of future 
and a record of past payments, but requires 
the exercise of great care, as the accidental 
misplacement or destruction of a card is attended 
with serious consequences. [See Businuss 
MANAGEMENT. ] 

Opinions. The card system is widely 
adopted in connection with the record of 
opinions and reports on parties received, 
although a system of indexed books may be 
used. The convenience of alphabetical arrange- 
ment is very great, but the defects which are 
referred to above always hold good. While 
receiving opinions from others the banker will 
be called upon to give many. In furnishing 
written reports, he will be careful to use the 
form provided, which states that the informa- 
tion given is without responsibility. Some 
banks make, in addition, a practice of supplying 
such information on unsigned memorandums. 
The usual form of inquiry asks if the individual 
is of good standing and respectability, and if 
he may be considered good for a stated 
amount, either in the ordinary course of 
business, a8 a guarantor, or so forth, according 
to the nature of the transaction. The banker 
in his reply will, as far as possible, confine 
himself to stating whether or not, in his opinion, 
the name is good for the amount mentioned. 
He will not, except for a good reason, volun- 
teer any data, while a negative reply should be 
worded with special care, as, if it can be shown 
that his client’s credit has suffered thereby, 
he may be liable for damages. Whenever 
possible the opinion will be given verbally. 


Correspondence. The rule regarding the 
wording of an unfavourable report a ae with 
equal force to correspondence which deals with 
the refusal of business or similar transactions. 
The banker will refrain from explanation of the 
reasons for his decision, which, if unfavourable, 
should be simply conveyed in a polite expression 
of regret. In general, the banker will confine 
himself strictly to the subject-matter of corre- 
spondence, and leave any question of policy 
which does not affect his interests to the 
decision of his client. No gratuitous responsi- 
bility pei be poe asionrag ayy rnghtaed of 

iving advice, especially with regard to the buyi 
aad selling of securitien. If, however, the banker 
for any reason gives his opinion, he will invariably 
advise the adoption of the safest course. The 
foregoing applies with equal force to verbal 
communications. 
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An im- 
en ee dhe banker of 
Cnedite without recounve, ’ Letters 


to the persom designated his drafts om the 
ico bank for the sam mentioned, the 
amounts 60 paid being marked on the Gack of 
the credit by the paying bank. If, however, the 
client desires it, he aplie, Detre @ supply of Circular 
Notes (practically opedrts for £10 and similar 


ge 
ng, , Checked off 
against lists furnidshed by the company ia 
question), the benk on occasion dealmg with 
the recerpt of application money, calls in con- 
nection with company promotions, and the 
return of amy sums not accepted. The clerical 
labour involved in addressing envelopes, filhng 
up forms, etc., in the case of a and successful 
issue is very great indeed, but the work is more 
monotonous than intricate. 

Shares and Similar Securities. 
banking business is contrived with a view to 
the exclusion of amy element of speculation, a 
A i t effect on the 


All 


out and renewed. The actual ownership of land, 
houses, and ships is not desirable as security, in 
consequence of the muitifarious habilities and 
responsibilities attached to these ; and a martgage 
bond, or similar document over the m 
question will, mstead, be made out, giving the 
bank full power over the property but i 


while the exact terms used by the di 
tartaona vary semewhat in their wording. The form 
chosen fur any particular case must be carefully 
perused to see that *% covers all possible con- 
tingencies tn the proposed business. 

If a time limit is mserted, and the guarantee 
is not renewed, or if a guarantee is termmated 
by notice being given by the guarantor, opera- 
ons on the accounts must be stopped and no 
payments in reduction of the debt allowed, 
should it be decided mot to release the 
sums paid mto such accounts 
uidate the debt, while amounts 


atided to the debt and benemen 


responsibility for it ceases, and he is only liable 
for £200, and any interest on this sum not 
a4 yas 

ecurity Forms and Banking Law. 
The printed forms kept in stock will usually 
cover all the commoner methods of business, 
those relative to any special transactions being 
prepared either by the legal sae al of 
the bank or by its solicitors. e wording 
adopted may be altered from time to time 
in consequence of some legal decision, or of 
some question arising in the Sivcom Aeehaees of 
business. The documents may, according to indi- 
vidual practice, or the nature of the transaction, 
be either completed by the branch officials or 
by those at the Head Office. 

The law connected with the business of bank- 
ing comprises a fairly large section. 

The Bills of Exchange Act is at once the largest 
and most essential part of Banking Law, but 
the ordinary legal knowledge (added to if possible) 
regarding trusts, agency, lien, securities, bank- 
ruptcy, debt, and common law should be 
possessed by the banker. It is not possible to 
deal with such a list here, and, indeed, such 
knowledge, although very desirable, is not 
absolutely cssential, the procedure to be 
adopted in any particular case bemg usually 
laid down in some manner for the guidance ot 
officials. It is only necessary to emphasise the 
pont that the student should make himeelf, as 
ar as possible, acquainted with the intention of 
each point of law, and, if possible, the history 
which led to its enactment. 

In some institutions a book of regulations in 
which the duties of officials, the branch routine 
and returns, and the more essential pomts of 
banking law arc dealt with more or less fully, is 
supplied to each branch. From time to time circu- 
lars are issued, which, although mainly referring 
to rates, official appointments, etc., also deal 
with any important matter which may have 
arisen, and with the contents of these, together 
with the book referred to, each official 18 ex- 
pected to make himself familiar. 

Documentary Bills. Bulls of Exchange 
are known as documentary bills when documenta 
of title to some security against which the bill 
is issued are attached to the draft; bills unac- 
companied by such papers being termed “clean.” 
They almost invariably take the form of 
invoices, bills of lading, and insurance policies 
for a shipment of goods, although a large 
amount of scrip bills (drafts with share certafi- 
cates and signed transfers attached) are drawn. 
Certificates of Origin, or Consular Certificates, 
may be included in the shipping documents, if 
aocarp in consequence of the fiscal arrange- 
ments of the country exported to. On entering 
into such business, a letter of hypothecation is 
signed by the client, allowing the banker to 
deal with the goods relating to any bill as he 
may deem desirable. In the ordinary course 


of business, however, the banker will consult 
the wishes of his client before taking any steps 
in this direction, only exercising his right in 
some emergency—say, the bankruptcy of his 
customer. In addition to examining the bill 
itself the documents require scrutiny. The 
invoice amount should cover the bill, and the 
packages referred to in it appear on the bill of 
lading ; while it is essential that the whole of 
the signed copies of the last, together with an 
insurance policy covering the amount in question, 
be received. The possession by an unscrupulous 
individual of a copy of the bill of lading may, 
through his obtaining delivery of the goods, 
deprive the banker of his security, while the same 
result will be arrived at through the loss of a 
shipment not covered by msurance. If the goods 
remain in the hands of the receiving banker for 
any length of time he will require to see that 
they are properly warchoused and covered by 
fire insurance from the date the marine insurance 
expires to the payment of the bill. 

Documentary bills are either ‘D A” or 
““T) P” drafts. In the former case the drawee 
obtains, on accepting the bill, the documents 
attached, but in the latter he must take up 
the draft under rebate (pay the bill amount 
less an allowance) if he desires the documents 
in order to obtain the goods. As the rebate 
allowed is small, there is little object in 
rebating a “D/A,” or “clean” bill, if any 
other use can bo found for the moncy. 

Head Office Work. The work at the 
head office, which is distinct from the ordinary 
branch business, divides itself into sevcral 
sections, Auditing the branch returns dealing 
with the book entries will occupy the attention 
of a large staff, whose duties in some respects 
are hardly agreeable. The comparison weckly 
of thousands of entries between, perhaps, a 
hundred or more branches, with the certain 
knowledge that to pass an error means the 
repetition of the monotonous task, is not a 
fascinating prospect. In this department the 
weekly statements combining the branch returns 
will be made up. The returns, apart from 
those just referred to, will probably be dealt with 
by what 1s usually termed the Inspection Depart- 
ment. In addition to the supervision and record 
of the loan business at the branches, the work in 
connection with the bank’s staff and their move- 
ments will be undertaken here, while periodically 
one or more officials will be despatched from 
this department to some branch to check the 
cash and securities on hand, agree with the hooks 
the balances of the various accounts, test the 
accuracy of the bookkeeping in various ways, 
judge of the fitness of the branch staff and of the 
suitability of the branch premises, and look 
thoroughly into all sums lent by the branch. 
The stationery supply will call for the attention of 
one or more officials, while the legal department 
has already been referred to. 
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By Professor SILVANUS P. THOMPSON 


[IKE every other branch of engineering, 

electrical engineering, whether viewed as an 
industry or as @ profession, requires of those who 
would follow it with success a double prepara- 
tion. For, since its whole existence lies in the 
application of science to industry, success in 
its pursuit depends on the mastery both of 
the science which lies at the bottom of it all 
and of the practical methods in which that 
science is applied. 

Practical and Theoretical Aspects. 
The common way of expressing the two aspects 
of the subject by dividing them into theoretical 
and practical is not a very adequate classification, 
because a great part of that which is truly 
theoretical is to be mastered only by practical 
studies in the laboratory or in the testing-room, 
while much of the practical part of engineering, 
whether electrical or mechanical, is to 
mastered not at the bench or the forge, but in 
the drawing office. Neither is it adequate to 
divide the training of tho electrical engincer 
into technical aad commercial, though both 
enter into that training, for part of the training 
of an engineer is to teach him how to reckon out 
the cost of production, and this is a highly 
technical stud , though it sounds commercial 
enough. 

But if it is not easy to define in terms the 
two divisions or aspects of the training, all 
authorities are agreed on the necessity of 4 
double training, without which the making of an 
engineer of any kind is incomplete. 

A Mechanical Basie. Electrical engineer- 
ing has much in common with mechanical 
engineering. Indeed, it has been said—though 
perhaps it is slightly overstated—that nine- 
tenths of the work of the electrical engineer is 
mechanical engineering, and only one-tenth 
electrical. But it is quite certain that a mere 
study of electricity will never make a man into 
an electrical engineer. It may make him into an 
electrician, and good electricians are always 
needed in the world, though the field for them is 
more limited. So far as constructive electrical 
work is concerned, a thorough engineering basis 
is required. For, in truth, the factory work of 
the constructive electrical engineer is very much 
the same as that of the mechanical engineer. 
Suppose that he has to construct dynamos 
or electric motors. The machines must first be 
designed, and all the n drawings worked 
out in the drawing office. Some of these drawi 
then go to the pattern-shop, in order that the 
wooden patterns may be made for the frames, 
bedplates, and other parts that are to be cast. 
When the patterns are completed, they must go 
to the foundry to be moulded, and the castings 
made in cast iron, cast steel, or brass. Other 
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drawings go to the forge in order that the neces- 
sary forgings may be produced. When the 
forgings and castings are ready, they go to the 
machine shops to be machined, turned, bored, 
milled, chipped, or filed by the machinists, turners, 
and fitters. Other parts have to be stamped out. 
Bolts, screws, keys, nuts, and rivets must be 
made to hold the parts together. Then the parts 
must be assembled by fitters, and the machines 
erected and tested. So far all these processes are 
just the same as are necessary in constructing 
steam engines, sewing machines, or pumps. It 
is purely mechanical engineering. But there are 
also electrical parts to be suse. The magnet 
bobbins have to be wound with copper wire coils. 
The armature windings must be made and pro- 
perly insulated. Commutators have to be built 
of copper and mica and mounted in appropriate 
shells. For this part a knowledge of electrical 
conduction and of insulation is necessary. But 
it is clear that a majority of the constructional 
processes are mechanical. One might say the 
same about the manufacture of arc lamps, of 
switch gear, of telegraph instruments, and, 
indeed, of all electric instruments and appliances.- 

The Double Training. The two essen- 
tial parts of the necessary training are distin- 
guished according as they are to be acquired : 

(1) In the shops or factory ; 

(2) In the technical school or college. 

Neither the factory alone nor the technical 
school alone can afford a complete training for 
the engineer, whether mechanical or electrical. 
The youth who is trained only in the technical 
school or college is not in general fitted to become 
anything better than an engineer's clerk or a 
testing assistant. He lacks the knowledge of 
practical construction. The youth who is trained 
only in the shops or factory is not likely to rise 
above the grade of a fitter or a draughtsman ; 
he lacks the grasp of principles, and has not 
been trained to exact calculation. In these days 
of competition the engineer must be trained to 
think, and not merely to think, but to think in 
terms of exact and calculable quantities. He 
must be taught systematically how engineering 
thinking is done, how fogmule enter into calcula- 
tions and estimates, and how the formulz them- 
selves are founded on scientific principles, and 
how they have to be modified to meet special 
cases. athematics is the art of thinking in 
exact quantities, and of managing the symbols 
by which such quantities are represented. Hence 
mathematics is an absolute essential to all real 
engineers. Electrical engineers require additional 
mathematical formule to enable them to work 
out electrical problems. 

But engineers must also be trained to work, 
and to work with precision ; they must learn to 


work in wood, and iron, and steel, and brass. 
This training they can acquire only by working. 
Otherwise they will not really know how engineer- 
ing work is executed. All mechanical engineers 
ought, also to know how engineering work is 
designed, and how it is tested; ad for this 
phe they need to be trained in the testing 
aboratory, where they learn about the strength 
of materials, and in the laboratory of applied 
mechanics, where they learn by systematic ex- 
periment the application of abstract rules to 
actual mechanism. Fu.ther, electrical engineers 
must learn in the electrical laboratory, by ex- 
perimenting with their own hands, the measure- 
ment of electrical quantities, the testing of the 
electrical properties of materials, and the 
performance of electrical machinery. 


Which Kind of Training First? 
The question most often asked by parents and 
guardians of the youth who wants to become 
an engineer is this: Should he go to the works 
before he attends the technical college, or should 
ho go to the technical college before he enters 
the engineering works ? To this question there 
is no one answer; the answer must depend 
on the temperament of the youth, and on the 
circumstances of the case. There are always 
plenty of exceptions to any rule. But for the 

y of average abilities and ordinary circum- 
stances, the course which experience has shown 
to be best, in the opinion of those able to judge, 
has been very clearly laid down by unmis- 
takable authority. 


The Educational Report. In April, 
1906, there was issued a report by a committee 
of experts representing the Institutions of Civil, 
Mechanical and Electrical Enginecrs, presided 
over by Sir William White. After taking 
evidence of over 260 leading engineers and 
teachers of engineering they agree with very 
considerable unanimity in the following con- 
clusions ; 

1. The average boy should leave school at 
about 17 years of age—much depends on 
individual development—but should not be 
under 16 nor over 18. 

2. If possible a preliminary stage of practical 
training in the mechanical engineering shops, of 
about one year, should precede college training. 
In some cases this introductory workshop 
course might be taken after the first year at 
college. 

3. From the first, wan workshop training, 
the youths should be paid regular wages, and 
keep regular working hours. 

4, Evening study might impose too severe a 
strain on health. Therefore, since it is most 
important that school studies, particularly 
mathematics, should not be too soon forgotten, 
the introductory workshop course should not 
exceed one year; but in exceptional cases 
where a practical training of three years or so 

a college course there must be some 
systematic tuition, in evening classes or other- 
wise, to prevent studies from being forgotten. 

5. The period of college training for the 
average boy should be threc years. Of the replies 
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received, 73 per cent. say two or three years, 
while 71 per cent. say threo or four years. 

6. A sound and extensive knowledge of 
mathematics is necessary. This, of course, 
implies that the colleges should require the 
youths to pass an entrance examination to 
show that they have at least as much mathe- 
matical training as is required, say, in the 
Matriculation Examination of the London 
University. Engineers need training in trigo- 
nometry, solid geometry, differential and 
integral calculus. It may be noted that in 
Germany students are not even admitted to 
the Polytechnics who cannot begin the calculus. 

7. The committee recommend strongly effi- 
cient instruction in engineering drawing. 

8. After the college training, the youths 
should have at least three more years of practical 
training in the shops, part of this being in the 
drawing office, and the wages paid them after 
leaving college should be somewhat higher, 
especially in the later vears. 

No Premiums. The report of the com- 
mittee gives no sanction to the pernicious 
practice of requiring premiums. Premiums are 
never paid in America or in Germany; in 
England the survival of the premium system 
is a curse to the industry 

The committee 1s silent as to the proper 
organisation of the training in factories, where 
unfortunately the foremen are often violently 
prejudiced against teaching the young hands 
anything, and are not paid to teach them. 
This is a weak spot in the training of enginecrs. 

Other Plans. In Glasgow and Edin- 
burgh the plan is adopted of teaching the 
youths in the college during the six winter 
months, and of drafting tham into the factories 
during the six summer months. In Sunderland 
the engineering employers have agreed to a 
similar plan; but in most parts of England 
the employers do not fall in with this plan. 

For the training of engineering workmen, 
including electrical workmen, the old plan of 
apprenticeship still exists, boys leaving school 
at 14 years of age and working in the factories 
with small wages until 20 or 21. For such 
youths, the training afforded in evening classes 
is Of service; but few can, without detriment 
to health, give more than two nights a week, 
and the training can, therefore, never be 
thorough. 

Posts as switchboard attendants in electric 
lighting stations do not afford much scope 
for real training. 

There is a small demand for specially trained 
electro-chemists; and for all electricians a 
knowledge of elementary chemistry, such as 
may be acquired in the laboratory of any of 
the technical schools, is most useful. 

Degrees in engineering are a luxury. Few 
engineering firms attach the slightest import- 
ance to them; the training at a first-rate 
technical school is esteemed far more than a 
university degree. For those who want to 
become teachers of engineering, university 
degrees are, however, of great value in seeking 
an appointment. 
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THE BEST BOOKS ON ELECTRICAL ENGINEERING 


There will always be a number of earnest 
young engineers who have not the opportunity 
of taking out a college course. Also those who 
have been trained in a technical college will 
always want to know what are the best sources 
of information in the different branches of the 
subject. So wide a subject as electrical engin- 
eering cannot possibly be contained in any 
one - textbook. In fact, the young engineer 
cannot be expected to buy all the books to 
which he should refer, and with which he should 


EvectricaL Lasporatory Work. “ Practical 
Electricity,” by Ayrton (Cassell, 7s. 6d.); ‘‘ Elec- 
trical Laboratory Notes and Forms,” by Fleming 
(‘‘ Electrician,” 7s. 6d.); ‘‘ Handbook of Electric 
Testing,’”” by Kempe (Spon, 18s.); ‘' Practical 
Measurement of Electrical Rosistance,"’ by Price 
(Clarendon Pross, 14s.). 

Barreries. ‘ Primary Batteries, Thoir Construc- 
tion and Use,”’ by Cooper (‘‘ Electrician,” 10s. 6d.). 

ACCUMULATORS. ‘Secondary Batteries, Their 
Manufacture and Use,” by Wade (‘ Electrician,” 
10s. 6d.); ‘‘ Management of Accumulators,” by Sir 
D. Salomons (Whittaker, 5s.). 

Aro Lamps. ‘Electric Lamps and Electric 
Lighting,” by Fleming (‘‘ Electrician,” 6s.); ‘* The 
Electric Arc,” by Mrs, Ayrton (‘‘ Electrician,” 
128. 6d.); *‘ Electric Lighting,” by Swinton (Lock- 
wood, ls. 6d.). 

Guiow Lamps. 
Lighting,” by Fleming (‘‘ Electrician,” 68.); ‘‘ The 
Incandescent Lamp and its Manufacturo,” by Ram 
(‘* Electrician,” 7s. 6d. ). 

DyNaMos AND Morurs. ‘ Armature Windings,” 
by Parshall and Hobart (Blackwell, 30s.) ; “‘Dynamo- 
electric Machinery,” 2 vols., by 8, P. Thompson 
(Spon. 30s. per vol.); ‘* Dynamo Design,” by Hobart 
(Whittaker, 7s. 6d.); ‘‘ Dynamo Attendants and 
their Dynamos,” by Broadbent (Rentell, Is. 6d.) ; 
‘‘ Diseases of Electric Machinery,” by Schultz (Spon, 
$s. 6d.); ‘The Dynamo,” by Hawkins and Wallis 
(Whittaker, 15s.);  ‘‘ Electric Generators,” by 
Parshall and Hobart (‘‘ Engineering,” 31s. 6d.) ; 
“Original Papers on Dynamo Machinery,” by 
Hopkinson (Whittaker, 5s.). 

GNETISM. ‘‘ Magnetic Induction in Iron and 
Other Metals,” by Ewing (‘‘ Electrician,’ 10s. 6d.) ; 
‘The Electromagnet and Electromagnetic Mechan- 
ism,” by 8. P. Thompson (Spon, 15s. J. 

WiRELEsS TELEGRAPHY. “ Signalling Across Space 
Without Wires,” by Sir Oliver Lodge (‘‘ Electrician,” 
Ss.); ‘‘ Electric Wave Telegraphy,” by Fleming 
(Longmans, 24s.). 

Exiecrric Hous: Wrrina. ‘Electric Wiring 
Tables,” by Maycock (Whittaker, 3s. 6d.) ; ‘‘ Electric 
Wiring,” by Clinton (J. Murray, Is. 6d.); ‘* Electric 
Wiring and Fitting,” by Drysdale (R. J. Bush, 32.) ; 
‘* Practical Electric Light Fitting,” by Allsop (Whit- 
taker, 5s.). 

ELECTRO-CHEMISTRY. ‘* Elements of Electro- 
chemistry,”’ by Liipke (Grevel, 7s. 6d.); ‘* Treatise 
on Electro-metallurgy,” by McMillan (Griffin, 108. 6d. ); 
“The Electric Furnace,” by Moissan (Arnold, 
10s. 6d.); ‘* Electric Furnaces and their Industrial 
Application,” by Wright (McGraw, New York, $3). 

GENERAL ELECTRICITY. “The Electrician 
Primers,”’ 3 vols, (‘‘ Electrician,” vol, 1, 38. 4d.; 
vol. 2, 6s.; vol. 3, 48. 6d.); ‘‘ The Electric Current,’’ 
by Walmsley (Cassell, 10s. 6d.); ‘‘ Elementar 
Lessons in Electricity and Magnetism,” by 8. P. 
Thompson (Macmillan, 4s. 6d.); ‘*‘ Experimental 
Researches in LElectricity,’’ 3 vols., by Faraday 
(Quaritch, 48s.). 


‘Electric Lamps and Electric - 


be familiar. Books of reference, to be con- 
sulted in the public libraries or in the libraries 
of the technical institutes, are to be recomm gnded. 
rather than textbooks which pretend to serve 
up the whole subject in one volume. For the 
sake of those who desire further guidance 
in such reading a list of standard works 
is here appended. It is confined to hcoks 
in the English language, and therefore does 
not include some of the very best and most 
useful of treatises, which are printed in German. 


Purotrometry. ‘ Industrial Photometry,” by Palaz 
(Sampson Low, 128, 6d.) ; ‘‘ The Art of Illumination,” 
by Bell (Constable, 10s. éd.). 

Tramway Motors and Traction. ‘“ Modern 
Electric Railway Motors,” by Hanchett (Street Rail- 
way Publishing Oo., New York, $2); ‘‘ Electric 
Traction,” by Rider (Whittaker, 10s. 6d.); ‘‘ Electric 
Street Railways,” by Houston and Kennelly (‘‘ Elec- 
trical World,”’ New York, $1). 

Evectric Rarttways. ‘ Electric Railways and 
Tramways,” by Dawson (“‘ Engineering,” 42s. ). 

ALTERNATING CURRENTS. ** Alternate QOurrent 
Working,” by Hay (Biggs, 6s.) ; ‘‘ Notes on Alternate 
Currents,”” by Simmons (Cassell, 1s.); ‘‘ Alternating 
Currents of Electricity,” by Still (Whittaker, 5s.) ; 
‘** Alternating Currents of Electricity,” by Lamb 
(Arnold. 10s. 6d.). 

TRANSFORMERS. ‘‘ Transformers for Single and 
Multiphase Currents,” by Kapp (Whittaker, 6s.) ; 
“The Alternate Current Transformer,” 2  vols., 
by Fleming (‘‘ Electrician,” 12s. 6d. per vol.). 

PoLyPpHasié CURRENTS. ‘ Polyphase Electric Cur- 
rents,” by 8, P, Thompson (Spon, 21s.) ; ** Polyphase 
Currents,” by Still (Whittaker, 4s.). 

SENTRAL Evecrric Srarions. ‘ Central Electric 
Stations,” by Wordingham (Griffin, 24s.) ; ‘‘ Central 
Station Eloctricity Supply,” by Gay and Yeaman 
(Whittaker, 10s, 6d.), 

ELECTROPLATING AND  ELECTROTYPING, ETC. 
‘** Electro-deposition of Metals,” by Langbein (Baird, 
Philadelphia, 4); “ Electro-netallurgy Practically 
Treated,’ by Watt (Lockwood, 4s. ). 

Evectric INSTRUMENTS, ETC. “Induction Coil 
in Practical Work,” by Wright (Macmillan, 4s.) ; 
“Tho Potentiometer,” by Fisher (‘* Electrician,” 
63.); ‘Electrical Influcnce Machines,” by J. Gray 
(Whittaker, 5s.). 

Execrric Betts. “ Electric Bell Construction,” by 
Allsop (Spon, 3s. 6d.). 

EvectricaL Turory. ‘ Absolute Measurcmonts 
in Electricity and Magnetism,” by Gray (Macmillan, 
5s. 6d.); ‘* Treatise on Electricity and Magnetism,” 
2 vols., by Maxwell (Clarendon Press, 32s.) ; ‘‘ Recent 
Researches in Electricity and Magnctism,” by J. J. 
Thomson (Clarendon Press, 18s. 6d.); ‘*‘ Elements of 
the Mathematical Theory of Electricity and Mag- 
notism,’” by J. J. Thomson (Cambridge Press, 10s. ), 
and ‘Conductivity of Electricity through Gases,” 
by J. J. Thomson (Cambridge Press, 16s.); ‘‘ Electro- 
magnetic Theory,” 2 vols., by Heaviside (‘‘Elec- 
trician,”’ 128, 6d. per vol.); ‘‘ Electric Waves,” by 
Hertz (Macmillan, 10s.); ‘‘ Theoretical Elements of 
Electrical Engineering,” by Steinmetz (Whittaker, 
128, 6d.); ‘* The Electronic Theory of Electricity,” 
by Fleming (‘‘ Electrician,” 1s. 6d.). 

Exectric TRANSMISSION OF PoweR. ‘Electric 
Transmission of Energy,” by Kapp (Whittaker, 
10s. 6d.); ‘‘ Electric Power Transmission,” by Bell 
(Whittaker, 15s.). 

Ex.ecrriciry Merrers. ‘ Electricity Meters.” by 
Solomon (Griffin, 16s.); ‘‘ Electricity Moters,”” by 
Gherhardi (‘‘Electrician,” 9.); ‘‘American Meter 
Practice,” by Reed (Spon, 8#. 6d.). 
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THE LANDSCAPE 


The,Oid Masters’ Landscapes. 
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PAINTERS 


By P. G. KONODY 


OF all the arts, that of landscape painting is the 

mo-t m It belongs, more than any 
other, to our own time, though its beginnings can 
be traced back to the days when Giotto delivered 
the art of painting from Byzantine formalirm, 
which had no cyes for the beauties of Nature. 
Indeed, the replacing of the flat gold back- 
grounds of Byzantine art by tho naive landscape 
‘etting of Giotto and his followers is the first 
link in that long chain of evolution which leads to 
the discovery of atmosphere and sunlight by 
Constable, Turner, and the Impressionists. 
The Giottesques, and all the Italians, even 
Perugins and Raphael, and in the North the Van 
Eycks, Memlinc, and all the other Primitives, 
never painted landscape for its own sake. In 
their pictures it is always entirely subordinate 
to the figures, and used either to fill an empty 
space in a pleasing manner or to enhance and 
accentuate the sentiment expressed by tho 
figures. 

The First Painter of Landacape. 
Landscape, painted for sheer love of Nature, and 
for ite own ake, did not appear before the 
seventeenth century, though a near approach to it 
was made by the Venetians Giorgione and Titian, 
and in the North, at an even earlier period, by 
J. Patinir (4.p. 1490-1550). The beautiful soenes 
from the Cadore country, which form the back- 
ground of many of Titian’s pictures, speak at 
least of hia love for the picturesque district in 
which he was born and had passed his childhood, 
and there is at the Pitti Palace at least one draw- 
ing from his pen in which the fine scene in the 
Cadore is rendered for its own sake, without the 
addition of figures. Patinir took an obvious 
delight in the careful objective rendering of land- 
scape, to which the figures that enact the scenes 
of sacred history are mere aocessories ; but his 
view, like that of “ Velvet” Broughel (A.D. 
1569-1625}, who devoted himself to fantastic 
Beenes of , with minutely executed 
flowers and animals, was purely objective—that 
is to say, i and unemotional, and his 
éolour limited to a conventional scheme. 

The Classical Landscape. Nicolas 
homie Rubens, and Claude Lorrain were a 

landscape painters, though one o 
them, Rubens, touched * upon lands 


enetag a the simple and rural. Nicolas Poussin 
had grown up in the classic atmosphere, and 
was steeped in the study of the antique and the 


Italian masters. At the same time he was @ 
close observer of tree and cloud forms, the mas- 
tery of which enabled him to rearrange and com- 
bine them into formal compositions of arcadian 
scenes, in which figures and setting were at least 

co-ordinate in importance. He never rose above 
&® convention which was the very negation of 
naturalism, and used Nature only as a source 
whence he drew the motifs for his pictorial in- 
ventions. His colour was as cold and forma! as 
his design. He was the father of the classical 
or heroic landscape. 

The Discoverer of Sunlight. With 
Claude Lorrain (4.p. 1600-1682) figures ceased 
to be of any importance, and sunlight with its 
varying effects first became the real subject 
of the pictare. ae even Lorrain did not 
con: ider Nature un ned to be worthy of 

ictorial representation, and continued, like 

is precursors Nicolas and Gaspard Poussin, 
to weave its details into well-ordered com- 
binations, from which classic ruins, temples, 
and columns were never allowed to be absent 
(88). But with him trees and clouds and 
winding rivers ceased to be mere forms con- 
ventionally coloured. He noted the play of light 
and + on these objects, and expressed in 
masterly fashion the different times of the day— 
the glow of sunset and the restful coolness of 
early morning. About two centuries later, his 
noble compositions were to become the starting. | 
point for the greatest master of modern landscape 
—for Turner. Equally subjective in his view 
of Nature was Lorrain’s Italian contemporary, 
Salvator Rosa, who depicted the romantic and 
turbulent aspect of landscape in the rugged 
ravines and wind-tossed trecs that form the 
background for his scenes of strife. 

Dutch Temperament. It was left to 
the seventeenth century Dutchmen, Ruysdael, 
Hobbema, and Cuyp, to estublixh the claims of 


eee as a genre independent of figure 
pain Whilst Ruysdael, in following the 
successful Allaert von Everdingen, sought for 


the picturesque in Nature, and found it in the 
wild rocks and seething mountain streams and 
waterfalls of a country he probably knew only 
through the work of his popular contemporary, 
Hobbema was the sympathetic painter of his 
own country, which he rendered with intimate 
simplicity, setting down thing: as he found 
them, in all their quict homeliness. But neither 

nor Hobbema, nor even the great 
Rembrandt, who brought the whole passionate 
in ot his rament into his landscapes, 
could entirely the colour of Nature and 
free their palette of the browns demanded by « 
time-honoured convention for the painting of 





foliage. Like all Dutch landscape painters, 
‘Ruysdael and Hobbema excelled in the rendering 
of cloudy skies, and the latter in the subtle char- 
acterisation of varied foliage. Ouyp (4.p. 1606- 
1672) and Paul Potter (a.p. 1625-1654) remain 
unequalled to this day as painters of cattle, and 
must be mentioned here, because both of them, 
and particularly the former, conceived the 
animals as part and parcel of the landscape in 
which they live and which they help to complete. 

The Dutch Seascape Painters. Finally, 
there are the seascape painters, Van de Capelle, 
Simon de Vlieger, and Van de Velde, all of 
whom appear more interested in the nautical 
life of the invariably quict waters than in the 
moods of the eloments by which the modern 
painter of the sea is generally fascinated. The real 
subject of the carly Dutch 
marine painters is thus not the 
sea, but the varied forms of 
shipping—fi-hing ficets, sea- 
fighta, the embarking or land- 
ing of an army, sailing craft of 
every description—in short, 
the life of thesea, The French- 
man Joseph Vernet (A.D. 1714- 
1789), though, on the whole, 
still adhering to the idealistic 
and oclassicist tradition, was 
attracted by the stormy, tur- 
bulent aspect of the sea, but 
there is no terror and passion 
in his storms. The discovery 
of the moods of Nature was 
left to the more nervous 
modern temperaments. 

Watteau. Before we 
turn to England we must | 
mention Watteau, who, in 
his perfect balance of figures Roe 


gad landscape, in his render- gg, gunaRKaTION OF THE QUEEN OF SHEBA, BY CLAUDE LOBRAIN 


ing of soft atmospheric effecta, : 
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85. THE POND, BY COROT (Louvre, Paris) 





came very near the modern 
spirit. The curious point about 
his art is that he gavo a con- 
vincing air of reality to grenes 
which only had existence in his 
own imagination. 

Richard Wilson, Land- 
scape painting in England, in 
the early part of the aghteenth 
century, followed two direc- 
tions, one of which aimed at 
dry, topographic correctness, 
and is best represented by 
Samuel Scott, a talented imi- 
tator of Canaletto, the other 
at Italanised classicism. Of 
this direction, Richard Wilson 
(A.D. 1713-1782) is the chiof 
disciple. At his best Wilson ix 
a worthy rival of Claude 
Lorrain, whose intentions and 
ideals he had made his own 
Thomas Gamsborough is a 
kind of halfway house be- 
tween the old style and the 
new vision which was to be 
introduced by Constable. His colouring, based on 
a ploasing scheme of brown, grey, and gold, 1s 
still arbitrary and conventional, but his scenes 
are no longer composed according to established 
rules. His are in more intimate communion with 
Nature ; he is attracted by the peaceful charm of 
the English countryside, which needs no classic 
ruins for its appeal. At the same time his land- 
scapes have still a trace of the artificiality of 
the period, and lack that fragrance of the soil 
which breathes from Constable’s canvases. 

The Norwich School. An important 
school flourished towards the end of the cighteenth 
century at Norwich under the leadership of John 
Crome, better known as “‘Old Crome” (a.p. 
1769-1821), who has, not without good reason, 
been called the English Ruysdael. He and his 
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followers, smong whom 
Ladbroke, Stark, and Vin- 
cent are the most im- 
portant, show strong 
kinshiy with the Dutch 
landscape school. The 
same influence can be 
noticed in the seascapes of 
John Cotman, another 
prominent member of the 
Norwich school. All these 
painters went to Nature 
for their subjects, but to 
the old masters for their 
colouring. It was the mis- 
sion of John Constable 
(a.D. 1776-1837) to dis- 
cover the juicy green of 
meadow and wood. the 
movement of the folage 
in the gentle breeze, and 
the groaning of the atl 
bough in the storm. With | 
him the tree ceased to be 
mere form—he covered 
the stem with trembling 
and sparkling foliage ; and the sky was no longer 
a mere grey background, but a doe of atmo- 
sphere spanned over fields and gardens and 
v Constable's instinct for balancing the 
masses of light and shade, and the “full” and 
“empty” 8 , was such that he could set 
aside all the hard and fast rules of academic 
composition. His ardent love of Nature and 
of the English countryside is expressed in all 
his work [87]. French artists and critics i1m- 
mediately recognised that he had opened a 
new page in the book of art, and hailed in him 
a master worthy of emulation. 

The Barbizon School. Perhaps it was 
Constable's love of Nature, simple, and devoid 
of all artificiality, that, about 1830, induced a 
group of French artists to declare war upon the 
generally prevailing classicism, and to settle 
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down in the little village of Barbizon, in the 
Forest of Fontainebleau, in order to live in 
close communion with Nature, and to prove to 
the world that in landscape the picturesqueness 
of the subject counts for nothing, that a land- 
scape nced be neither classical, nor heroic, nor 
romantic, as long as the artist can grasp the 
spirit and the poetry of Nature, and express in 
paint the emotions aroused in him by its contem- 
plation “Truth is beauty, and boauty is 
truth ” was the watchword of this group, whose 
leader was Theodore Rousseau (A » 1812-1867), 
Troyon, Dupré, Jacque, Daubgny, and Diaz 
being among the othe: prominent members ; 
while Corot and Millet are so closely affilated 
to the Barbizon school that they are generally 
counted as belonging to it (‘orot stmkos the 
moat lyrical note of all painters. He 1s the poct 
of the twihght, dreamy 
and musical, and more 
occupied with the essence 
and fragrance of Nature 
than with solid matter 
{85}. Rousseau 1s far more 
impersonal, a searching 
student of form and 
structure, while Jaz 
connects the Barbizon 
men with the Roman- 
ticists. Troyon and 
Jacque are noted for 
their magnificent paint- 
ing of cattle and sheep, 
and Millet is the painter 
of the life of the fields, 
the ceaseless ie of the 
peasant in his grim 
struggle with the soil 
that is to yield him the 
sustenance of life. (See 
“The Sower” and “The 


$8. DIDO BUILDING CARTHAGE, BY J. M W. TURNBR (National Gallery, London) Gleaners”’ on page 342.) 
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He is a notable instance of that new beauty (as 
opposed to the classic beauty) that is to be found 
in passionate truthfulness to Nature—the beauty 
of character expressed by synthetic simplification. 

Turner and the Sun. Just as the aims 
of the Barbizon men had been foreshadowed by 
Constable, so Turner discovered and turned to 
account the theories that were to be systematised 
subsequently by the French Impressionists. In 
his early work he favoured the heroic land- 
scape; but, in his power of rendering sunlight, 
he 18 already at this early period immeasurably 
ahead of Claude Lorrain, his artistic progenitor, 
as may ke gathered from a comparison of 
Turner's “ Dido Building Carthage ” [88] and 
Claude’s “Embarkation of the Queen of Sheba” 
[86], which are hung side by side at the National 
Gallery. But if Turner 
recognised the actual 
appearance of objects 
bathed in light and 
atmosphere, the soften- 
ing of the outlines, the 
vibration of the light, he 
did not apply his know- 
ledge to the service of 
realism, of landscape 
“portraiture,” as prac- 
tised later by Claude 
Monet. He was an 
exalted idealist, a vis- 
ionary, who knew how to 
clothe the glorious in- 
ventions of his imagi- 
nation in real golden 
sunlight. Characteristic 
of his attitude is the 
answer he gave to onc 
who remarked that he 

never seen such 
colours in Nature as 
appeared in one of his 
own pictures: ‘Don’t 
you wish you could see 
them?” The turning 
point in the master’s 
art was his visit to Italy, 
and particularly to 
Venice. The wonderful 
atmospheric effects of the lagoon city left an 
indelible impression on his mind. Henceforth 
the actual view, the objects of the landscape, 
became quite secondary. The transparency 
and vibration of the atmosphere, the glory 
of sunlight, became the real motif of huis 
pictures. 

What Impressioniam Isa. What Turner 
had achieved, as it wore, instinctively, through 
sheer force of his genius—that is, the analysis 
of light—was put into what might be called a 
scientific theory by the French Impressionists, 
who, in trying to render in paint the full glitter 
and brilliancy of open-air sunlight, turned to 
account the results of the scientific research of 
Helmholtz and Chevreul and the revelations of 
spectral analysis. The full explanation of the 

eory of the decomposition of light into its 





89. BATTERSEA BRIDGE, BY WHISTLER 
(National Gallery of British Art, London) 


constituents of coloured rays belongs to the 
ne of optics. Here it is sufficient to explain 
that the technical reform of Impressionism—for 
the term embraces other reforms as well—con- 
sista of the employment of the primary golours 
only, which are ured in alternate touches and 
in the right quantities, so that at a certain 
distance they blend and produce the desired 
efiects. Thus, it is well known that green 
consists of a mixture of blue and yellow. If, 
instead of being mixed on the palette, these 
colours are applied in alternate touches, the 
effect upon the eye will be a green tone, but 
a green of far more vibration and greater 
luminosity than mere green paint. The Im- 
pressionist theory has frequently been carried 
to absurd extremes; but, in the hands of 
a master like Claude 
Monet, has yielded 
results that could not 
have been achieved by 
any other method. Of 
him it may truly be 
said that light is the 
one and only subject 
of his pictures, and 
nobody has ever come 
nearer to perfect truth 
in depicting the glitter 
and sparkle of sun- 
hght. 

Japanese In: 
fluences. To-day 
every country can boast 
of a large number of 
landscape painters 
whose work will live 
through the ages, but 
nothing new has been 
added to tho history 
of the development of 
landscape art since the 
advent of Impres- 
sionism. Perhaps the 
next move will be in the 
direction of a more com- 
plete acceptance of the 
Japanese ideal, which 
has already exercised a 
certain amount of influence, notably on the work of 
Whistler [89]. This Japanese ideal is the realisa- 
tion by art of the universal soul or spirit which 
underlies the non-permanent, temporary, and 
therefore unreal forms of matter. The end is 
achieved by a very broad but exquisitely beautiful 
and decorative generalisation, which discards all 
that is not really essential to convey the idea 
intended by the .artist. The attitude of the 
Japanese artist is pretty nearly reflected by 
Whistler’s reply in a famous law case, when he 
was asked whether a picture of his produced in 
Court was a correct representation of Battersea 
Bridge—“ I did not intend it to be a correct 
portrait of the bridge; as to what the picture 
represents, that depends upon who looks at it. 
To some persons it may represent all that was 
intended. To others it may represent nothing.” 
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PROCESSES IN RECOVERING METALS uetats 


Lead Smelting and Cupellation. 
e Silver. 


Methods of Recovering 
Refining Gold. Platinum, Nickel, and other Metals 
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page 4127 


By A. H. HIORNS 


Lead. Lead has been known from remote 
antiquity, and its use in purifying gold and 
silver by the process of cupellation is perhaps 
the oldest metallurgical operation on record. 
Lead has a bluish-grey colour, and considerable 
lustre when freshly cut, but this soon diminishes 
by superficial oxidation. It is very soft, and 
can easily be cut with a knife and readily marks 
paper. it is very malleable and ductile. but 
possesses very low tenacity. It emits a dull sound 
when struck, but the presence of impurities 
tends to make it more sonorous. Lead is readily 
deposited in the form of crystals from a solution 
of lead acetate by means of zinc, or by electricity. 
Its specific gravity is 11°37. It begins to fuse 
at 325° C., but is completely liquid at 336° C. It 
is a poor conductor of electricity and heat. It 
is without taste, and emits a certain odour when 
freshly cut. Lead exhibits in a marked degree the 
property of flowing when in a viscous state, 
and advantage is taken of this in the making of 
lead pipes by forcing the lead through cylinders 
by means of hydraulic pressure, termed squirting. 
Composition piping contains tin or antimony to 
harden it. 

Lead unites in different pobre with 
oxygen, of which litharge (PbO) and red lead 
(Pb,O,) are the most important. The sulphide 
of Jead (PbS) is also of great metallurgical 
importance. 

Lead Smelting. The chief ores of lead 
are galena (PbS) and cerusite (PbCO,). These 
ores, especially galena, generally contain silver. 
The smelting of galena in England and Wales is 
conducted in reverberatory furnaces. The ore 
is partially roasted, and then the oxide and 
sulphide are allowed to react on each other, 
forming metallic lead. The blast furnace [26] 
is also used for more complex and refractory 
ores, In this case it is customary to obtain 
lead containing silver, regulus often containing 
copper, and slags. 

e lead obtained as above often requires 
refining. This is done in a reverberatory furnace 
by exposing the metal to the action of the air, 
which oxidises the impurities, and these form a 
dross with some lead oxide, which floats on top 
of the molten metal. From 30 to 150 tons are 
refined in one operation. When the lead contains 
silver it is specially treated for that metal by the 
Pattinson process. This consists of melting the 
argentiferous lead, allowing it to cool slowly, 
stirring the while, when the lead separates out in 
the form of crystals at its freezing poirt, leaving 
by far the greater portion of the siiver in the 
liquid portion. Thus, lead containing 3 oz. of 
silver to the ton may be concentrated up to 
800 oz. per ton, which is the practical limit. 
The process is conducted in a series of nine to 


fifteen cast-iron pots, each holding eight to 
fifteen tons. A modification of this method 
was introduced by Parkes, who added zinc to 
the argentiferous lead. The zinc separates out 
on cooling, and carries with it the silver and 
some lead. These zinc crusts are then submitted 
to liquation, by which means the lead runs off, 
carrying with it the silver. 

Cupellation. The processes mentionod, 
therefore, are only concentration processes, 
and the silver must be separated by cupel- 
lation. An English cupellation furnace is a 
reverberatory furnace with a bed formed of bone 
ash. When the lead is melted in the oxidising 
atmosphere of the furnace the base motals are 
oxidised, while the silver remains unoxidised, 
and is thus free from all other ingredients, except 
gold, if that metal be present. Bone ash also has 
the power of absorbing molten oxides, but not 
molten silver. 

In the German cupellation method the re- 
verberatory furnace is lined with marl. which 
is # carbonate of lime and magnesia and clay. 
The air is supplied by means of a puir of inclined 
twyers fixed in one side of the bed, and the 
molten oxide of lead flows off through an opening 
opposite the twyers. This only purifies the silver 
up to about 95 per cent., so that it is necessary to 
complete the refining on a bed of bone ash. 

Silver. The properties that make silver so 
valuable are its pure white colour, its softness, 
sonorousness, extreme malleability, ductility, 
tenacity, and toughness. It exceeds all other 
metals in its conductivity for electricity. It 
melts at 960° C., and has a specific gravity of 
10°53. It does not oxidise in air, although it 
mechanically absorbs oxygen when melted, and 
gives it out again on cooling. It readily unites 
with sulphur, forming a blue crystalline sulphide, 
With chlorine, bromine, and iodine it unites, 
forming important compounds. It is soluble in 
nitric and sulphuric acids. 

The ores of silver are of two kinds—the silver 
ores proper, and silver in ores of base metals. 
Silver occurs as sulphide, chloride, bromide, and 
iodide, and in various mixed sulphides as well as 
in the metallic state. 

The methods of extraction are (1) by means of 
mercury (amalgamation processes); (2) by 
means of lead (smelting processes); (3) by 
various wet methods. 

Amalgamation. The amalgamation pro- 
cess was formerly carried on in the cold in 
heaps and pita, as it is at the present time 
in Mexico. The ore is first converted into 
chloride by means of a copper salt and 
common salt, then decomposed by mercury, 
with which it unites to form an amalgam. 
The mercury is afterwards driven off by heat, 
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leaving the silver pure. The amalgamation 
method is now conducted by means of stamp 
batteries and amalgamating iron pans. The ore 
is crushed by stamps, water being admitted. The 
' ore mud is transferred to settling pits, and then 
carried to the amalgamating pans. The pans are 
of various types, and consist of an iron box about 
4 ft. in diameter and 2 ft. high [80]. A central 
cone supports a revolving shaft with arms, 
from which are suspended grinding mullers, 
which press the ore to a pulp. Mercury is 
then added, and the rotation continued until 
the silver is amalgamated. The amalgam is 
then removed, washed, dried, strained, and 
the mercury distilled off in retorts. 
Jn ores containing much base metal 
& preliminary roasting in a furnace 
is necessary, with the addition of 
common salt to form silver chloride. 
Jn this case the ore is dry crushed, 
and larger pans are used for amal- 
gamating. , 

Lead Methods of Recover- ~~ 
ing Silver. lead methods are based on 
the reducing action of lead on gold and 
silver, with the solution of these metals in 
metallic lead. As complex ores are treated 
in this way, the products are also complex. 
The principal metals obtained are gold, 
silver, copper, and lead. The ore is first 
roasted in a reverberatory furnace to 
remove sulphur, arsenic, and other volatile 
substances, and then smelted in a blast 
furnace [26]. The charge consists of roasted 
ores, pyritic oree, various residues, and slags. 
The products may be lead (containing gold 
and silver), regulus (containing lead, copper, 
iron and sulphur) and slag. The last is either 
used again if it contain sufficient metal, or, if 
not, it is thrown away. The fume from the 
furnace is also condensed for the recovery of lead. 
The lead containing gold and silver is first sub- 
mitted to the Pattinson process for concentration 
of silver, and afterwards cupelled for the recovery 
of gold and silver. The regulus is roasted, and 
added to another charge in the blast furnace to 
remove its contained silver and gold. The second 
regulus may be treated for copper. The gold and 
silver are separated by the parting proccss 
subsequently described. 

Wet methods of extracting silver are based on 
the principle of converting compounds of silver 
into a soluble form, and then Precnnatng the 
silver by means of a base metal or a compound. 
The three principal methods employed are 
Augustin’s, Ziervogel’s, and Von Patera's. 

The Auguatin Process. The Augustin 
process is used for argentiferous regulus and 
residues, which are first roasted in air to remove 
sulphur, then with common salt, to form chloride. 
The next stage consists of lixiviating the roasted 
ore in wooden vats with a strong, hot solution of 
common salt, which dissolves the silver chloride. 
The solution is run off and the silver precipitated 
by means of copper. 

The Ziervogel Process. The Ziervogel 
process consists of roasting sulphur compounds 
containing silver at a moderate temperature to 
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form silver sulphate, which is soluble in water. 
The roasted mass is removed, cooled and 
lixiviated with water, and the silver precipitated 
by copper. If sufficient sulphur be not present, 
then pyrites are added. If the temperature be too 
low, then the sulphate is only partially formed - 
if too high, the silver sulphate is decomposed 
again to metallic silver. The success of the 
process depends on the proper temperature 
of roasting. 

The Von Patera Process. The 
Von Patera method is used for chloride ores, 
which are roasted with salt, and lixiviated 
with sodium thio-sulphate. The silver is 
precipitated by sodium sulphide, 
and the silver sulphide decom- 
posed by heat. This method has 
received extended application by 
the use of double thio-sulphates, 
known as the Russell process. In 
the Von Patera process, any lead 
sulphate that is present 
dissolves in the thio-sul- 
phate solution, and is pro- 
cipitated, along with tho 
silver, as sulphide In the 
» Russell process the lead is 
precipitated by means of 
sodium carbonate. More- 
over, it was found that by 
using a double thio-sul- 
phate of sodium and 
copper, @ more energetic 
decomposing and dissolving action on metallic 
silver, silver sulphide, and the combinations of 
silver with arsenic and antimony took place. 
Hence, if the roasted ore is first treated with 
sodium thiosulphate to dissolve the silver 
chloride, and the residues subsequently treated 
with copper thio-sulphate solution, much more 
silver is extracted than by the older (Von Patera) 
method. 

Gold. Gold has a yellow colour, its lustre 
is proverbial, and it exceeds all other metals in 
malleability and ductility. Its tenacity is 
moderately high, but is diminished ly tho 
presence of lead, tin, antimony, and some other 
metals, while copper and silver increases it. Its 
specific gravity 1s 19°32, and its melting point 
1060° C. Its conductivity stands next to that of 
silver and copper. It is not acted upon by the 
atmosphere, by hydrochloric, sulphuric, or nitric 
acids, or bysulphur compounds. It is soluble in 
chlorine, aqua-regia, and potassium cyanide, 

It occurs in nature in the metallic state in 
quartz and pyrites, and is frequently found in 
lead, copper, silver, and other ores, in small 
quantities. It occurs in sands, in nuggets, and 
alloyed with platinum, silver, mercury, and cer- 
tain rare metals. In alluvial deposits it 1s 
separated by processes which consist of removing 
lighter matters by running water, while gold, in 
virtue of its high specific gravity, is deposited. 

Gold quartz is very hard and compact, and 
contains the gold in veins. The ore is first 
crushed by rock breakers, and then reduced to a 
fine bignief the stamp battery, the mortar of 
which is lined with gnsleamnited copper plates 


for taking up the gold. The residual matter is 
often treated in amalgamating pans. A stamp 
battery generally consists of five stamps working 
in one mortar, which is made of an iron casting 
about fiv® feet long. The feed opening is on one 
side, and on the other is a fine screen of wire 
cloth through which the discharge takes place. 
The drop of the stamp varies from 4 to 18 in., 
with about 100 blows per minute. In front of 
the screen are inclined tables covered with 
amalgamated plates to catch the gold which has 
not been collected on the plates inside the mortar. 
The material escaping these plates is concentrated 
by some kind of shaking machine which separate» 
the lighter from the heavicr particles which 
contain some gold. These concentrates me 
amalgamated in iron grinding pans. The gold 
amalgam is retorted to volatise the mercury and 
retain the gold. 

The Chlorine Process. The chlorine 
process of extracting gold consists of (1) roasting 
the ore to removo sulphur and base metals ; (2) 
moistening with water and passing a current of 
chlorine through it in a wooden vat, having a 
perforated bottom, which acts as a filter, and 
through which the gold solution percolates ; (3) 
running off the solution and precipitating the 
‘gold by iron sulphate or other suitable reagent. 
Ores and residues are usually concentrated before 
being submitted to the chlorination procesr. 
Compressed chlorine is also used and is very 
effective, but more expensive. The operation is 
conducted in revolving barrels lined with lead. 

The cyanide process of extracting gold was 
introduced by McArthur and Forrest, in 1887. 
The ore is first crushed in rock breakers, then in 
tolls or stamp batteries, then placed in vats to 
which a 1 per cent solution of potassium 
cyanide is added, which dissolves the free gold 
The solution is then removed, and the gold 
precipitated by means of zinc. 

Gold is extracted by smelting processes from 
rich copper regulus. The method is the same as 
explained for extracting copper by the Welsh 
method. The regulus is partially roasted, and 
then the oxide and sulphide react on each other, 
reducing the copper and gold, forming an alloy. 
The copper is deposited by the electrolytic 
method, when the gold is left, and is afterwaids 
melted with lead and separated by cupellation. 

Refining and Parting of Gold. 
Tmpure gold is melted in crucibles, and the 
impurities, if small, may be fluxed off with 
carbonate of soda and nitre. If much impurity 
be present, the gold is first refined by adding nitre 
and borax, a little at a time, and skimming off 
the slag at the completion. If lead be present, 
sal-ammoniac and nitre are used. If antimony 
and arsenic be present, adding nitre and stirring 
with an iron rod will remove them. Gold may 
be also refined by passing through the molten 
metal a current of chlorine, which attacks the 
base metals and silver, forming chlorides. When 
much impurity is present, the operation known 
as parting is adopted. This is usually done, on 
the large scale, with sulphuric acid, and in asray- 
ines with nitric acid. It is first necessary to 
alloy the impure gold with about three times its 
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own weight of silver, granulate and boil in 
white cast-iron pots with sulphuric acid, which 
dissolves all metals except gold. In the nitric 
acid method of parting, glass vessels are used. 

Platinum. Platinum is a white metal, 
highly malleable and ductile, soft, and can be 
easily welded, very tenacious, and has nearly 
the highest specific gravity of all kinds of matter. 
Its specific gravity is 21°5. It resists the action 
of the atmosphere and most acids, and has an 
extremely high melting point. It occurs in 
nature, like gold, in the metallic state, in grains, 
nuggets, and various alloys. It is extracted 
from its ores by both dry and wet methods. 

In the wet method, gold and silver aro 
separated by amalgamation, the residuc is 
digested with boiling nitric acid, then with aqua- 
regia to form platinum chloride. The solution 
is evaporated, redissolved in water, and mixed 
with alcohol and ammonium chloride, when the 
double chloride of platinum and ammonium is 
precipitated. This is reduced to metallic plati- 
num in a plumbago crucible. 

In the dry method the ore is smelted in a 
reverberatory furnace with lead ores, thus 
forming an alloy with lead and platinum, which 
is afterwards cupelled. The product is then 
melted on the lime hearth of an oxylydrogen 
f irnace. 

Nickel. Nickel is a brillant white metal, 
malleable, ductile, and weldable. 1lts melting 
point is about 1,500 (., therefore below that 
of iron. It is a magnetic metal and one of the 
hardest, hence its value as a coating for softer 
metals. Its specific gravity is &8. It readily 
unites with oxygen when heated, but is not 
readily oxidisable at ordinary tempcratures, 
and, resists the action of sea-water better than 
most metals. It is soluble in hydrochloric, 
nitric, and sulphuric acids. Nickel, like iron, 
readily unites with carbon and silicon when fused 
with them. When carbonic oxide is passed over 
nickel at 80° C., or less, a volatile nickel carbonyl 
is formed which may be decomposed at a higher 
temperature yielding the nickel. The ores of 
nickel are chiefly sulphides and. silicates, 

Nickel Extraction. The methods of 
extraction are several, and include (1) con- 
centration by roasting to form regulus or speise ; 
(2) the conversion of the above into oxide by 
wet or dry methods ; (3) the reduction of nickel 
oxide by carbon. As cobalt is frequently present, 
it may be practically separated by the superior 
affinity of nickel for sulphur or arsenic and the 
greater tendency for cobalt to pass into a silicate 
slag. 

By the wet method the arsenide and sulphide 
ores are first roasted, and the other elements 
ure separated from nickel by converting the iron 
into a basic arseniate, the copper into a sulphide, 
and the cobalt is precipitated with bleaching 
powder. After filtering, the nickel is precipi- 
tated as oxide with lime. This oxide is then 
reduced with carbon. 

The silicate ores of nickel are made into a paste 
with calcium sulphate or alkali waste, pressed 
into bricks and smelted in a small blast fur- 
nace. The product is a matte (sulphide). This 
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is roasted, fused twice with sand to remove iron 
and to concentrate the nickel. The nickel sulphide 
is then roasted to oxide, and the oxide is made into 
a paste with carbonaceous materials and reduced 
to the metallic state in iron pots in a rever- 
beratory furnace. 

In Canada, pyritic ores are found containing 
about equal amounts of nickel and copper. 
The ore is first roasted in heaps and then smelted 
with coke in a water-jacketed blast furnace to 
produce a rich copper-nickel matte. This is 
re-melied and blown in a Bessemer converter 
to remove sulphur and iron, the latter completely 
and the former only partially, leaving a ric 
matte of copper and nickel. ‘This is then roasted 
and reduced in the usual way to form a copper- 
nickel alloy. 


Mond’s Carbonyl! Process. Dr. Mond 
found that when carbonic oxide i» passed over 
recently-reduced nickel at a temperature below 
150° C., a compound (Ni[CO],) termed nickel 
carbonyl is obtained. A method is thus available 
for the separation of nickel from its associated 
metals. An oxidised ore or roasted pyrites is 
heated to 400° C. in water gas. which reduces 
the nickel to the metallic state. The nickel is 
then allowed to fall over shelves in a cylinder, 
kept at 80° C. or less, through which a current 
of carbonic oxide is ascending, thus forming 
nickel carbonyl. This is conveyed to a series of 
tubes and heated to 180° C., whereby the car- 
bonyl is decomposed and nearly pure nickel is 
deposited on the walls of the tube. 

Nickel, when reduced from its oxide, is always 
wanting in malleability and ductility. It is 
rendered malleable by adding to it when melted 
w small portion of magnesium or manganese. 
Nickel cast into slabs is largely used as anodes 
in nickel-plating, but wrought plates are better, 
being less soluble and more uniform in structure. 


Cobalt. (‘obalt is a metal of a stecl-grey 
colour, with a reddish east, and very similar to 
nickel in many of its properties. but of greater 
rarity and higher cost. It is used in alloys and 
for electroplating. 

Aluminium. Aluminium is a white, »ome- 
what soft metal, of considerable lustre, highly 
malleable and ductile, a good conductor of heat 
and electricity, with a high specific heat and low 
specific gravity. Its elasticity and tenacity 
are a little higher than silver. It is highly 
sonorous. The atmosphere has little action 
upon it, dilute nitric and sulphuric acids do not 
affect it, but hydrochloric acid dissolves it readily. 
It is also soluble in solutions of soda and potash. 
It is chiefly used for purposes where lightness 
is required. 

It occurs in most silicates, and those in which 
alumina predominates are used for its extraction. 
As oxide it occurs in corundum, and as fluoride 
in cryolite. 

Alumina was first extracted from its ores 
by forming the double chloride of sodium and 
aluminium and displacing the aluminium by 
sodium. It is now extracted by electrolysis 
or by electric smelting, through the agency 
of electricity in both cases. The Hall and 
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Heroult processes are among the most success- 
ful. They are identical in principle and both 
patented in 1886, one in America and the 
other in France. The Heroult cell [81] con- 
sists of a carbon-lined box, itself forming 
the cathode, while the anode is formed of a 
bundle of carbon 

+ rods. The bath 

consists of molten 
cryolite holding 
alumina in solu- 
tion. The tem- 
perature of the 
bath is about 
800° ©., and an 
electric pressure 
of 3 to 5 volts 
is sufficient. The 
current density employed is about 700 amperes 
per square foot of cathode surface. The yield 
ix 1 Ib. of aluminium per 12 electrical horse- 
power hours. The alumina used is prepared 
from bauxite or an impure oxide of iron and 
alumina by a chemical process. The Cowles 
process for the extraction of aluminium had a 
considerable commercial success, but is now, we 
understand, not carried on. It employed a 
granular body of high resistance which, being 
interposed in the current, produced great heat. 
The alumina is mixed with this resistance 
material, which is carbon, and by its reducing 
action at the high temperature employed re- 
duced the alumina to aluminium. It is essential 
that the air be excluded. Thi» method is now 
confmed to the preparation of aluminium alloys. 


Zinc. ‘The metal zine has a_ bluish-white 
colour, a highly crystalline fracture, and a 
melting point of 420° (. 1t soon tarnishes in 
air, and is readily volatile at a little above its 
melting-point. Its specific gravity is 7°15. It 
contracts but little on cooling from the liquid 
state, and is therefore an cxcellent metal for 
casting. In the cast state it is known as spelter, 
and inthe rolled state as zinc. Jt is malle- 
able only between 100° and 200° C. Common 
zinc is somewhat soluble in boiling water, and 
readily so in dilute acids. Although zinc readily 
oxidises it does not combine with sulphur by 
direct union. The chief impurities in commer- 
cial zie are lead, arsenic, iron and cadmium. 
The chief ores of zine are ztinc-blende (ZnS) 
wd calamine (ZnCO,,). 

Zinc, being a volatile metal, is extracted by a 
method of distillation. The ore is first calcined 
to form oxides, ther placed in retorts with 
anthracite (carbon) and strongly heated. The 
oxide of zinc is reduced and the metal con- 
densed in fireclay retorts [29]. For rolling it is 
necessary that zinc should be refined, which is 
done on the hearth of a reverberatory furnace, 
made to slope down to a cavity at one end, 
into which the zinc flows. The bulk of the 
lead sinks to the bottom, leaving not more 
than 1'1 per cent. in the zinc. Iron is not 
removed by this process. Zinc is used for 
gutters, cisterns, baths, chimney tops, roofing, 
etc. It is largely used for coating sheet iron, 
termed galranrsing. 
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Tin. Tin is found in nature as oxide, and 
Cornwall has been from a remote period noted 
for its tin mines. The ore first undergoes a 
mechanical preparation to concentrate it. After 
this it istalcined to remove volatile matter. and 
then smelted in a reverberatory furnace with 
anthracite coal to reduce the metal. The pro- 
ducts are tin and slag. The tin contains various 
impurities, and is refined by liquation and 
poling. By liquation the tin flows out, leaving 
much of the foreign matter behind. The poling 
causes evolution of gas, which agitates the metal 
and brings the impurities to the surface, forming 
a drow. The varietics of commercial tin are 
common or ingot tin, and refined or grain tin. 
Tin plate is sheet iron coated with a layer of tin 
to prevent oxidation of the iron. The best iron 
plates are produced from ore smelted with char- 
coal, and termed charcoal plates. Copper is also 
tinned in some cases, as for cooking utensils, 
to prevent the food being contaminated with 
copper salts. Phosphor-tin is tin alloyed with 
4 to 6 per cent. of phosphorus, and used for 
making phosphor-bronze. 

Tin is a white metal of low tenacity but great 
mallealility. When a bar of tin is bent it pro- 
duces a crackling sound known as the cry of 
tin. It is very prone to crystallise, and when the 
surface is washed with aqua regia the crystals 
are Clearly seen ; this is termed moiree metallique. 
The specific gravity of tin is 7 3, and its melting 
point 232° C. When tin is just melted and 
allowed to cool, the surface remains bright if the 
metal be pure, but the presence of lead, iron, 
etc., tends to impart a frosted appearance. The 
impurities in common tin are lead, iron, arsenic, 
copper, bismuth, tungsten, and sometimes 
manganeso and zinc. Tin is a poor conductor of 
electricity. It is capable of assuming an allo- 
tropic form, crumbling to powder when exposed 
to a very low temperature. 

Antimony. The chief ore of antimony is 
stibnite (Sb..S,,). This sulphide may be largely 
separated from the rock in which it occurs by 
liquation. This is done on the concave hearth 
of a reverberatory furnace, which is lined with 
charcoal to prevent oxidation. Antimony was 
formerly called regulus of antimony, and in this 
country is extracted by reduction in crucibles by 
metallic iron. The metal is purified by fusion 
with nitre, or by melting and stirring with an 
iron rod. 

Antimony is a bluish-white metal, highly crys- 
talline and brittle, with a specific gravity of 6°7. 
The surface of the cast metal shows characteristic 
fern-like markings. It expands on solidifying, 
and imparts this ag erty to many of ite alloys. 
It melts at 632° C. It does not oxidise in air at 
ordinary temperatures, but, when heated, unites 
with oxygen to form the white oxide, Sb..O.,,. 

Antimony is too brittle to be used alone for 
most purposes, but it is of great service as a 
constituent of certain alloys. It is used to harden 
lead andtin. It is very valuable in type 
metal, imparting the property of expansion 
so necessary for obtaining a sharp and well- 
defined impression of the letters when printing. 
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Arsenic. Arsenic is a brittle motal of a stoel- 
grey colour and metallic lustre. Its specific 
gravity is 5-7. It is a poor conductor of heat and 
electricity, and in the pure state is without taste 
or odour. It is very volatile, and burns in air with 
the formation of the white oxide, As.Q,,. It is 
a constituent of shot metal and other alloys. It is 
a valuable bronzing agent. The ores are sulphides, 
but it occurs chiefly in ores of other metals, such 
as those of nickel and cobalt. It is extracted 
from its ores in retorts, from which, on being 
heated, the arsenic sublimes and is collected. 

Bismuth. Bismuth is a comparatively rare 
metal, associated chiefly with ores of nickel, 
copper, and silver, from which the crude metal 
is separated by liquation, or smelted by roasting 
and reduction in crucibles with iron and carbon. 
The raw metal is refined with nitre. Bismuth ix 
a reddish-white metal, highly crystalline and 
brittle. Its low melting point and its property 
of expanding during soliditication make it useful 
au a constituent of certain alloys, such as fine 
solder and type metal. It melts at 268° (., its 
specific gravity is $8 in the solid and 10 in the 
liquid state. Jt burns in air with a bluish-whitg 
flame, forming bismuth oxide (Bi,O,,). Bismuth, 
like lead, may be used, as a solvent metal in the 
process of cupellation. It is used in the con- 
struction of thermo-piles, in fusible alloys, and 
in some kinds of type metal and sterco metal. 

Mercury. Mercury, or quicksilver, occurs 
in nature in the metallic state and in cinnabar 
(Hgs). The metal is extracted from its ores 
by a distillation method. The ore is heated in a 
special furnace, and the vapours of mercury 
condensed in condensing chambers. The crude 
metal may contain Jead, bismuth, zinc, cadmium, 
and other impurities. It is purified by covering 
the metal with dilute nitric acid, and allowing it 
to stand some time ; the acid gradually dissolves 
out the base metals, together with some mer- 
cury, It is finally redistilled, and is thus made 
practically pure. 

Mercury is a silver-white metal, liquid at ordin- 
ary temperatures, and boils at 360° C.- Its specific 
gravity is 13°6. It is not affected by air or oxygen 
at ordinary temperatures, but if any discoloration 
occurs on shaking it in a bottle it indicates that 
impurities are present. It is used somewhat in 
gilding, but chiefly in the extraction of gold and 
silver, and in the construction of thermometers, 
barometers, etc. In dentistry, mercury is a 
constituent of dentists’ preparations and alloys. 

Magnesium. Magnesium is a metal very 
similar to aluminium, but whiter and lighter, its 
specific gravity being only 1:74. It melts at 
790° C., and boils at about 1,100° C. It is rather 
more oxidisable than zinc. It is best worked at a 
temperature of 450° C. Magnesium wire is made 
by forcing the heated metal through holes in a 
steel plate, and magnesium ribbon is made by 
passing the metal between heated rolls. It is 
used in the refining of some metals, owing to 
its great affinity for oxygen and other non- 
metals. Tt is a constituent of some alloys, such 
as magnalium, which is composed of 100 parts 
aluminium and 10 to 30 parts of magnesium. 


Continued 
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By ALGERNON ROSE 


THE MANDOLINE 

The mandoline derives its name from the word 
‘““mandorla,” an almond, the shape of which nut 
suggested the outline of the body of the instru- 
ment. ‘There are two kinds of mandolines-—— 
those with four pairs of strings, known as the 
“Neapolitan,” and those with five pairs, called 
the ‘ Milanese.” As the five double-strung 
instrument is rarely met with, we will devote 
our attention (o the Neapolitan variety. 

The Strings. Tie top string is K, the second 
A, the third D (called the Bourdon), and the 
fourth G, the lowest pair being gut strings 
overspun with silver or copper wire. There- 
tore the tuning of cach pair resembles the tuning 
of the single strings in the violin—namely, in 
fitths. Tne D strings are of steel, also covered ; 
but the A and E strings are of plain steel. 

The small metallic bars which cross the finger- 
board beneath the strings (there are usually 
27 of them) are known 
as frets, Between cach 
fret the space repre- 
sents one note on the 
pianoforte, or a scmi- 
tone in music. In 
manipulating the — fin- 
gerboard, the player 
must be careful with 
his Jeft hand to place 
down cach finger as 
firmly as possible, or 
the metal strings will 
chatter against the 
frets and cause an un- 
pleasant buzzing. Play 
with the  finger-tips ; 
they will get sore at 
first, and contact with 
the wires will produce 
corns, but the student 
will not long be incon- 
venievced by this. 

Position. The posi- 
tion of the player is 
like that of the guitar- 1. 
ist. Nit on a chair; 
cross the right leg over the left, or put the right 
foot on a high stool. Hold the body of the 
mandoline firmly between the knoe and the 
chest, so that the player's right forearm may 
move freely. The head of the instrument (contain- 
ing the tuning pegs) should project a handspan 
beyond the left shoulder. Be careful to keep the 
right hand and wrist firm, so as to clear the 
strings and bridge. Keep both elbows down. [1] 

The strings are set into vibration by the use of 
a plectrum. One of real tortoiseshell will last 
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for months, but the genuine article is not easy 
10 obtain nowadays, celluloid, which is less 
durable, being sold in its place. With the 
plectrum the instrument is played either 
tremolo or pizzicato. ‘The former method 
sustains the tone and the latter breaks it. 
The tip of the plectram should be flexible, and 
the wide end quite firm. Hold it at right 
angles to the strings with its flat side in a dine 
with them, or place it) between any pair of 
strings, While grasping the pleetrum firmly, 
keep the rest of the hand limp. 

To tremolo proporly. it is unnecessary to nse 
force. Strike the strings gently, first down and 
then up. Make the motions of the same strength, 
so that both wires are struck oqually. Do not 
attempt to tremolo fast before being able to do 
so evenly and slowly. In other words, before 
irving to run, learn to walk. We have heard of 
a beginner tying a watch to his ear and regulating 
the speed of his tremolo by its ticking. Fifteen 
minutes’ practice of this kind, keeping. strict 
time, will be found to do more good than an hour's 
practice of uneven twanging. 

Some Effects. From bottom (i upwards, 
the mandoline has a compass of four octaves [2]. 
The top octave is seldom uned. 

It should perhaps 
be here mentioned that 
a knowledge of musical 
theory is) presupposed 
[see page 37]. When 
the student has played 
with the plectrum the 
first octave of — the 
different major scales 
indicated in the course 
for the violin |page 
2121), he should repeat 
them with the  Ictt 
hand alone Hammer 
out each note on the 
frets with the fingers. 
Try to produce as 

«much tone as possible 
without touching the 
strings with the plec- 

trum. This is an oxcellent exercise for 
strengthcning the fingers of the left hand and 
making their movements independent of each 
other. The effect produced by a good mando- 
line player who by practice has made his little 
me apparently as strong as his first is not 

unlike that of the soft percussion stop in a 

Mustel harmonium. ; 

Another mandoline effect which must be 
studied is the slur, known also as the legatura. 
This is indicated in notation by a curved line 
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linking together two or more notes. To insure 
the tremolo continuing without tho slightest 
break, the player, at the beginning of a slur, 
strikes the strings once only. By gliding the 
fingers of the left hand firmly up or down the 
fingerboard, the tone is then carried from one 
note to another without further stimulus 

Another speciality of the mandoline is the 
echo efiect. As the word implies, it is an itera- 
tion, softly. of a chord or arpeggio already 
played. The way to get this is simple. The 
plectrum, being held by the thumb and first 
finger, leaves disengaged the second, third, and 
fourth tingers. After striking with the plectrum 
loudly, draw the disengaged fingers across the 
four strings in an upward direction. 

The production of harmonics is a distinct 
charm of the mandoline. These dulcet sounds aro 
elicited by touching the string lightly mmedi- 
ately above the fourth, fifth, seventh, or twelfth 
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close to a brilliant march or other similar 
music, 1 gives a good finish, and should, 
theretore, not be overlooked by the ambitious 


player. 


A Fault to Check. Ono word in con- 
clusion. A common fault in practising a solo 
instrument is the tendency to disregard precision 
in time. by hurrying over an easy passage and 
slowing down when any difficulty occurs. 
The best remedy tor this is ensomble playing. 
A beautiful quartet, for which good music has 
been written, can be formed by associating to- 
gether a first and second mandoline, a mandola, 
ay a guitar, tho latter playing the bass part 
[Ex. 1] 

The best known examples of employment of 
the mandoline in the orchestra occur in Mozart's 
“Don Giovanni,” Handel’s “Alexander Balus,” 
and Paisiello’s ** Barber of Seville.” 
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THE BANJO 


The banjo is in no way descended from the 
European lute or guitar family. It is of Atrican 
origin. and through the negro slaves of the 
Southern States of North America the banjo 
gradually became popular with our white trans- 
atlantic cousins. From America it came to 
Great Britain and the European continent. 

The banjo is characterised by its circular body, 
or hoop. The head of the banjo is open under- 
neath like a tambourine, or like the half gourd 
used in many negro instruments as a resonator. 
Without a fairly deep rim, or hoop, the banjo 
would lose much of its tone. The rim, therefore, 
acts as its sounding-board From the hoop 
extends a long neck, sometimes called the 
“fandle.” This is usually of walnut, the upper 
surface being overlaid with an ebony finger- 
board, across which, at lessening intervals, are 
narrow ridges of metal called “* frets.” 

Construction. A peculiar feature in the 
construction of the banjo is the way in 
which its shortest string is placed. This is 
known as the “ chanterelle,” or, literally, its 
“singing” string. Instead of being in its 
natural order, as the top string 1s in European 
instruments, it is put next the lowest and 
longest string on the fingerboard. This is 
suggestive. The thumb of the negro, constantly 
employed for climbing, 18 said to be rather 
Jonger than that of the white man. At all 
events, this is the thumb-string, and expert 
banjoista are as dependent on the thumb for 
their success as was any gladiator—in another 
sense—in the arena» of ancient Rome. ‘The 
thumb-string on the banjo being shorter than 
the other four, its tuning peg is situated two- 
thirds of the way up the neck instead of at the 
head. Advanced players sometimes favour six, 
seven, and even nine stringed banjos. But the 
beginner will learn the ordimary instrument, 
which has five strings. Their pitch is an octave 
lower tham the notes indicated in music printed 
for them. 

Tuning. Tune the fourth string to the ( 
on the piano, second space bass clef. That is 
the actual sound, although in the music it is 
represented as (‘, first ledger line below treble 
staff. Having done this, tune the third string 
a fifth above the fourth, to G in the tourth space 
bass clef. Next adjust the second string a 
third above G—namely, B. Now tune the third 
string a third above B, to D. Do not tune each 
by the piano. Only use it to test the strings 
when they are tuned. As soon a& the C string 
has been adjusted to the pitch, its seventh will 
give the G for the third string. Likewise, the 
fourth fret of the G string. when tuned, will give 
the B for the second string. and the third tret 
of the B string will give the D for the first. Now 
stop the fifth fret of the first string and tunc the 
thumb-string in unison with it. if this is done 
properly, it will be an octave higher than the 
open G of the third string. 

The banjo is best played sitting. Cross the 
right leg over the left. Rost the fore part of the 
hoop on the leg. The near side of it should be 
In contact with the player’s chest, and thus be 
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held firmly. The handle, which now inclincs over 
the left shoulder, is manipulated by the fingers 
of the left hand. Rest the little finger of the 
right hand on the vellum sounding-board, in a 
line with the bridge. 

There are two general methods of banjo 
playing. The first, and more usual, is by picking, 
or plucking, with the tips of the fingers of the 
right hand. The second method, which increases 
the sound for concert playing, is by the thimble. 
This is worn over the nail of the first right finger. 
With it the strings, instead of being pulled, are 
struck downwards. 

Exercises. Begin with the exercise on 
the open strings. Grasp the handle with the 
thumb and second joint of the first finger. Keep 
the left fingers clear of the strings. Remember 
that the right thumb is used for the three strings 
on the left. The first finger is employed for the 
second string, the second right finger for the 
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1. SINGLE SNAP 2. DOVBLE SNAP 


first string. But the third finger is only used 
occasionally, as in chords or arpeggio passages. 

Now study carefully the proper fingering for 
the Jeft hand. It may seem complicated at 
first, but after a certain amount of practice it 
should become automatically correct. All the 
sounds which the five strings produce on pressure 
of the twenty-two frets are noted in the accom- 
panying table. The “chanterelle,” or thumb- 
string, being higher in pitch, has intervals shorter 
than those of its neighbour [See last page. | 

Reference to this diagram should enable the 
student to finger out for himself any music he 
Wishes to study. 

The easiest scale to play on the banjo is 
G major, with one sharp, F. This is the natural 
key of the instrument. Therefore lcarn that 
scale first. The fingering is shown in 8. 

Observe that, when the first finger of the left 
hand covers the first fret, the hand is said to 
be in the first position. Now let the first finger 
fall on the second fret. The hand is now in the 
second pusition. According to the way the hand 
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progresses along the fingerboard, so is it in the 
third, fourth, or fifth positions. 

The Strings. Bear in mind that the 
strings cannot be pressed too strongly by the 
fingers of the left hand if a good tone is to be 
acquired. Thero is a marked difference between 
the quality of an open string and of the same 
string when stopped by tho finger of an ordinary 
amateur. The reason is because the pressure, 
or stress, on the string at the point where it 
goes over the top-nut, and is pulled back by tho 
reverted head of the instrument, is enormous. 
Try to make each finger a top-nut. 

The popular “ breakdown,” or step-dancce, 
known as * Old Virginny ” may now be practised 
| Ex. 1]. 

Next proceed to the scale of C major Later 
on, study all the sharp and then all the flat 
scales. With perseverance, difficulties will be 
overcome. 

Meanwhile, the intelligent student will study 
that feature in banjo playing known as the 
snap. This is indicated in notation by a straight 
line drawn from one note to another [1]. 

Produce the first sound by plucking the string 
with the right hand. Then, with the left finger 
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&nap—or pizzicato—the note which follows. 
Having succeeded in doing the single snap 
neatly, try playing the double snap. As before, 
pluck the first note with the right hand. Then, 
with the left, snap the two following notes [2]. 

Owing to the presence of frets, it is casy on 
the banjo to transpose the sounds of the strings 
by placing the first left finger across them. To 
do this properly, the thumb must be at the back 
of the neck, away from the chanterelle, so as to 
act as a lever. 


‘*OLD VIRGINNY ” 


os 
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Barre. This method of transposition is 
termed barré. According to the position barré, 
80 It is indicated in the music as } P.B., 2 P.B., 
3 P.B., ete. The tirst finger must be planted 
firmly, seeing that it cuts off a vibrating por- 
tion of the neck and forms a fresh top-nut, or 
capotasto, Beyond this new top-nut, the second, 
third, and fourth fingers stop the notes as re- 
quired. 

When a slur in the printed music ties one note 
lo another by a curved line, the way of playing is 
to slide the finger which stops the first note 
firmly on to the second while the string is 
vibrating. What is technically known as the 
slide is the longer slur. Of this there are several 
kinds. In playing barre, the fingers forming the 
notes beyond the bar should, like the first. press 
firmly. Ff, on the contrary, they touch the 
strings above the frets very lightly. the eflect 
is that of a silvery note at a higher pitch. This 
is known as a harmonic. It has a bell-like or 
fluty character. The principal harmonic notes 
on the banjo are obtained by touching softly 
the fifth. seventh, and twelfth frets, or the 
seventeenth fret on the thumb-string. So as to 
be easily read, harmonics are usually written 
an octave Jower than they sound. The har- 
monic at the nineteenth fret of the thumb- 
string is analogous to the seventh on the third 
string. 

The Vibrato. We have so far dealt with 
various ways of stopping the noter ; but, besides 
pressing them down firmly, the student who 
desires to be a good banjo player will practise dili- 
genily until he acquires the ability to cause each 
tinger of his left hand to make the string throb 
ot quiver sympathetically. This delightful effect 
is hnown as the vibrato. Not only is the pul- 
sating tone pleasant, but its production seems 
ty reinforce and intensify the sound of the 
instrument. Regard the tip of the finger as a 
fulcrum Press the first joint gently forward 
and backward. Do not jerk the string. The 
necessary rapidity of motion requires practice, 
especially as regards the weaker fingers. The 
only way is to repeat the exercise patiently 
day after day until the knack is acquired. It 
will probably come when least expected. When 
once learnt, it is not forgotten. ‘The time 
occupied in obtaining it is well spent, because it 
is not casy to exaggerate a good vibrato on a 
stringed instrument, whereas the same effect 
applied to the voice too often becomes a weari- 
some mannecrism, which militates against the 
success of the vocalist. 

Varieties of style of manipulation in banjo 
playing done with the right hand are known 
as the tremolo, fanning, thimble playing, and the 
zasp. An even tremolo is nearly as difficult to 
learn at first as is the vibrato for the left hand. 
It is produced by the tip of the first finger very 
quickly beating the strings to and fro. At the 
fame time, the lower notes, furnishing either 
swocompaniment or melody, are played by the 
thumb. Fanning, although somewhat similar, 
is more deliberate than the tremolo. 

Thimble playing is employed when a powerful 
tone is required. The first finger strikes the 
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strings with the thimble instead of - twanging 
them, the thumb meanwhile plucking alter- 
nate notes in the usual fashion. A further 
development of this branch of study is known 
as thimble rolling. Like everything artistic, it 
usually requires considerable practice to obtain 
a good effect. Although the harpist keeps his 
nails very short, the banjoist, like the Chinese 
mandarin, must cultivate his for playing the 
ay This is produced by passing the finger- 
nails of the right hand lightly across the strings, 
cither with the back of the hand up or the palm 
up and the nails reversed. 

Sufficient has been said to show that, although 
the rudiments of banjo playing are easy to 
acquire, the instrument is not easy to maste 
thoroughly, and amongst its caponents are not 
afew players of extraordinary skill. 

But the student will find that its difficulties 
will vanish with persistent. well-ordered practice. 


THE AUTOHARP 


This instrument is in shape like the zither 
rather than the harp. The = distinguishiny 
feature in its construction is that the strings 
are crossed at right angles by bars parallel to 
each other. By means of spiral springs, each bat 
ix kept clear of the wires below except: when 
pressed down. .\n arrangement of pieces of 
telt then damps the vibration of certain strings, 
wlowing the others to sound freely. 

Place the autoharp on a flat table, taking care 
that the spikes do not scratch the surtace. 
with the straight side of the instrument inclining 
towards the player at an angle so that the outlines 
of the fingerboard and bass side represent roughly 
the letter V. Every string is numbered under- 
neath on the sounding-board Corresponding 
numbers are printed over each note in music 
arranged tor thi» instrument. No previous 
knowledge of notation is therefore necessary. 


The Strings. Of the twenty-four strings to 
he found in the usual type of autoharp, those 
nearest the player are of covered wire. These 
strings represent the pedal notes, or roots. of 
chords formed on pressing the bars and sweeping 
the strings. With the left hand press down the 
bar nearest the tuning pins. Set the strings 
in motion by guiding the thumb of the right 
hand along- them. The notes which sound are 
(, KEK, G, wherever they occur throughout 
the compass, the other notes being silenced by 
pads of felt underneath the bars | 1a]. 

Now depress the next rod, marked B. Sound 
the strings. The chord heard includes every 
D, Fg, A. and C in the scale [10]. 

The third bar, marked C, leaves open every 
G, B, and D in the compass { ic] 

All strings which sound E. G, B_ vibrate 


when the fourth bar, marked D, is put 
down [1d]. - 

The fifth bar, marked E, sounds every A, C, E 
[1e}. 


Lastly, when the sixth bar, marked E, is 
pressed, it allows every B, D, and F£ to vibrate 
1 


[1/). 
All melodies for the simple autoharp are 
written in the key of G, with one sharp, F. 


The compass usually consists of twenty-four or 
twenty-five strings, being the diatonic scale of 
Gi, to which are added the pedal notes of C and 
D, and, harmonic sounds can be obtained by 
touching the (i string (4) lightly above the frets 
(beyond the bars) 

Although the autoharp may be played by 
those who know nothing whatever of musical 
notation, in the hands of a musician who under- 
stands the principles on which its mechanism is 
arranged it is something more than a mere toy. 
He can elicit some beautiful effects from at, 
inasmuch as the third bar gives the tonic chord 
of G major, the second the dominant, the first 
the subdominant. the fourth the relative mmor 
chord of G, the fifth the relative minor chord ot 
the snb-dominant, and the sixth bar the relative 
minor chord of the dominant. 

‘To show what can be done in the way of auto- 
harp music, we may mention that the so-called 
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1. AUTOHARD EPFECTS 
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“ Erato” autoharp has a compass of three full 
octaves from C to C, containing all the semitones, 
and its claborate mechanism enables thuty-six 
ditierent chords to be played—namely, the 
twelve major, twelve minor, and twelve chords 
of the seventh. 

Use of the Ring. For sweeping the 
strings, an ordinary zither or banjo thumb-clip 
of celluloid, called a ring, is used. If the ring 
is too small, it will make the player’s thumb sore ; 
if too large, it will spoil the accuracy and firm- 
ness of tone. Thevefore, see that it fita. By 
holding up the thumb and sweeping the strings 
with the tips of the other fingers, a delightful 


MUSIC 


pianissimo cffect ix obtamed. ‘To silence the 
sounds, put the flat of the left hand on the 
stings. 

Tuning. But the charm of the instrument 
will be entirely Jacking if the strings are not in 
good tune. Be caretul to get a tuning hammer, 
or key, which is of hard metal, and fits the pins 
properly. If it slips on the pins, the latter will 
be racked and gradually loosened, and the 
instrument soon spoilt An easy guide to the 
tuning 1s to follow the notes indicated on a piano 
or harmonium When the player get» accus- 
tomed to the sounds required, the help of a key- 
boud instrument may be dispensed with, and 
the tuning done from a G piteh-pipe or tuning- 
fork. 

On the autoharp with six bars, the (i string is 
usually the ninth from the left. In some instances 
it hears the number 4, pedal notes being marked 
with Roman numerals to distinguish them trom 
the diatonic interval» above. But the letter of 
each note is printed on the instrument itself, so 
that one cannot make a mistake 

If 4 is the number of piteh G, the strings 
6, 8, and 11 will give the notes B, D, and the 
octave G, found under the third bar, marked (. 
Press down this bar and keep it down with a 
paper-weight while tuning these strings, so as 
to shut off the sounds of the others. Put the 
tuning hammer on the pin of B (No. 13), an 


actave above B (6). which tune next; then 
tune pedal B (1V.) two octaves below. Deal in 
the same way with the three D’s, 8 15, 1. Tune 


18 and II. with pitch G (11) and its octave (4). 
Now release bar C. and tune the intermediate 
notes with their octaves. Test them with the 
bars of C major (“ A” bar), and the dominant 
of G (° B” bar). As the same xtrings are em- 
ployed in forming the relative minor chords, it 
follows that, when the string» sounded on pressin 
{he first three bars are tuned correet ly. they will 
accord also when the other bars are used, 

Autoharp Score. Jn the music printed 
for the autoharp, a number and capital letter 
will be found indicated over each note. The 
number refers to the hiring and the point where, 
in sweeping a chord from left to right, one must 
he careful to finish each movement. These suc- 
cessive top notes not only complete each chord, 
but, in doing 50, furnish the melody. The capital 
Jetter above cach number in the music, showing 
which har is to be pressed down with the left 
hand, has no reference to actual notes, the 
G majo chord being usually labelled “C." 

It is casy to arrange any simple tune which 
does not contain sharps or flats for the ordinary 
autoharp. Therefore, get a musicul friend to trans- 
pose the top line of a hymn or other straightfor- 
ward melody into the key of G. Then write above 
each note the number of its string on the auto- 
harp, putting over the number the Ictter of the 
bar to be pressed down ‘The player's ear will 
guide him to the choice of the right bar. He 

will thus be able to furnish himself without 
expense with his own special stock of autoharp 
music. As an illustration of this, we give the 
charming old country tune known as “ The 
Dusty Miller,” the drone bass of which through- 
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C F B C F E 
out is the tonic chord of G major [{ Ex. 1]. If the 
air ismemorised at the piano, and then sung to 
the autoharp, all the player has to do is to press 
down the third bar (C), and continue sweeping 
the strings as an accompaniment to the voice, 
the left hand releasing the bar wherever an 
asterisk occurs. so as to admit of the note» 
not in the G chord being sounded by the right 
hand. 

First, therefore, play each note, using only 
the ‘‘C”’ bar. When this can be done smoothly, 
change the harmonies by putting down the 
various bars at different times according to the 
letters indicated underneath the notes. The effect 
of concluding the tune with the relative minor 
chord of G and the relative minor chord of the 
subdominant (bars E and 1D) is quaintly appro- 
priate. Make this final sweep (bar C) from right 
to left. 

DULCIMER 


The dulcimer is a flat, trapesium-shaped, double 
sounding-board, the upper one being perforated 
by a couple of sound-holes and provided with two 
bridges, across which the strings are stretched. 
Two, three. or more strings of brass, or steel, 
are grouped together and tuned alike to represent 
one note. On English instruments there arc 
usually ten long notes, each one made up of 
several strings; and ten shorter notes. 


Position and Tuning. The dulcimer 
is usually played standing. It should be placed 
on a table, slightly higher at the farther than the 
near side, so that the shortest strings, which 
are farthest away, may be rips ee as easily 
as the longest, in front of the player. Suitable 
tables are usually supplied with the dulcimér 
when it is sold, and care should be taken that 
the floor is level, so that the instrument may 
rest firmly. 

The method of tuning the English dulcimer 
is to accord the group of strings nearest the player 
with the G below second ledger line, treble clef. 
The wrest pins are on the right of the player. 
Each one must be first threaded through the eye 
and a loop made at the other end of the string 
to fasten over the hitch pin on the left. Then 
with the tuning hammer, coil the wire carefully 
round the string to the right till the pitch is raised 
sufficiently. But get all the strings on first, the 
thickest towards the bass and the thinnest 
towards the treble, and draw them up slackly 
before attempting to get all to standard pitch. 
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Watch the bridges and see that they keep even. 
The compass of the diatonic dulcimer, on which 
learners generally begin, comprises usually 
22 notes, from the G named to the G, 4th ledger 
linc above the treble staff, or three octaves in all. 
Having, with the help of a piano or harmonium, 
got the six lowest notes—G, A, B, (. D, E—in 
tune with the white notes on the keyboard, the 
student, observing that the compass extends from 
G to G, will doubtless conclude that the whole of 
it should be tuned to accord with G major, in 
which all the F’s are sharp. But it is the custom 
with dulcimer players to tune the two lower F's 
natural, and only to have the top one sharp. 
This will be found a convenience, as the beginner 
usually starts with exercises in the key of C major. 
But difforent dulcimer players vary in their 
modes of tuning. The strings are numbered on 
the right from 1 up to 22, from the lowest to 
the highest note, unisons being grouped unde 
one number. 


The Beaters. These aro two sticks which 
are held in the hands as for playing the kettle- 
drum, and require considerable elasticity of 
wrist to manipulate properly. The ends are 
provided with pads of leather, soft on one side 
and hard on the other, for use in getting “‘ piano ” 
or “forte” effects. All the different ways of 
right and left hand manipulation employed in 
tympani playing can be applied to the dulcimer. 
It is well to practise the various rolls with the 
sticks on the top of a wooden table, so as to get 
a greater facility apart from sound. It saves 
time and constant tuning, and can be practised 
almost anywhere. The general rule is to use the 
sticks as alternately as possible. 

Rapidity in execution can be learnt most 
quickly by drum practice. But besides striking 
with regularity and velocity, the player must hit 
the right strings. In course of time, the diligent 
student will learn todo this automatically, and 
to graduate also the force of each blow, so that 
the beaters get crescendos and decrescendos of 
sound, and maintain the loudest or softest 
quality of tone, as marked in the music. But 
there is this peculiarity in dulcimer playing— 
which sets it apart from all other musical 
instruments and invests it with that savage 
attribute so dear to the hearts of the Magyars 
—the sound cannot be effectively shut off 
directly a note is struck, so that a confused jangle, 
to some ears, results, akin to playing on a piano 
with the “loud” pedal down the whole time. 


Whether this cflect is really unmusical is a 
matter for discussion, but it makes the dulcimer 
particularly interesting as the only link we 
have in this respect between Oriental and 
Occidental proclivities. Lest the absence of 
damping should set the musical mind of the 
beginner against the dulcimer, it is as well to 
note here that this instrument possesses con- 
siderable artistic possibilities. As far back 
as the end of the seventeenth century Haben- 
streit, of Eisleben, was a noted virtuoso on the 
dulcimer, and, since his da Y. many highly-gifted 
musicians have astonished and charmed large 
audiences by similar skill. 

Key of C Major. Write out the seale 
of C major, beginning at C, Ist ledger line below 
stafl, and continue it for two octaves, numbering 
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and descend the 

seale, striking the 
notes in slow time, to the ticking of a clock 
or metronome, and with equal force, beginning 
softly and gradually increasing the strength as 
well as the speed. Having got the names 
and numbers of the notes well into the mind, a 
diatonic melody written for the voice in the key 
of C can be learnt without difficulty, although 
the student has had no musica) training. Take, 
for instance, the melody known ap the “ Vesper 
Hymn.” {Ex. 1.] 

‘Having contined the rhythm to duplex time 
(¢ or 3), the beginner should neat accustom 
himself to playing triplets. In this, on every 
fourth note, the accent is shifted from one hand 
to the other. |[Ex. 2} 

Chromatic Dulcimer. The advanced 
student will endeavour as soon as posrible to 
avail himself of an instrument giving the chro- 
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matic intervals. This is effected by a different 
disposition of the bridges. xo that the vibrating 
length of the strings between the Ist and 2nd 
bridge, and the 2nd bridge to the tail pins, admits 
of different instead of the same sounds from 
one length of string. The longer stretch, on 
the right-hand side of the player, now produces 
the diatonic notes, whilst the shorter stretch 
on the left hand gives the chromatic sounds. 
The compass of the chromatic duleimer is an 
octave Joss than the English instrument from 

ito G. It starts from C, Ist ledger linc below 
stati, and goes to (, 2nd ledger line above it. 
But the intervening notes contain all the 
necesxary half-tones to enable the instrument to 
be played in any key. Instead of C being 
No. 4, it now becomes No. 1, but the chromatic 
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notes are always numbered with the diatonic, 
so that C and GZ are both designated “1.” 
T'ry the chromatic seale. | Ex. 3. | 

The student can now begin to practise the 
scales in all the major and minor keys. After 
going up and down (‘ major, sound the cadence 
given in Ex. 4 

Then go to G major. After transposing the 
cadence a fifth higher on paper, repeat it. 
Next go into D major, and so on through the 
different scales, until familiar with each key. 
Then tackle the minor scales. Endeavour to make 
the executive ability in manipulating the beaters 
keep pace with the facility required for reading. 

So that ascending and descending runs in 
double notes may be exccuted rapidly and 
evenly, the ambitious student should practise 
scales in 3rds, 6ths, octaves, and 10ths, slowly 
at, first, gradually augmenting the pace. The 
remarkable bravura capabilities of this instru- 

ment are shown in the Swiss dance (dated 1826) 
of the Canton of Appenzell, arranged for 
violin, dwemer and ’cello, quoted in Sir John 
Stainer’s “* Dictionary of Musical Terms.” 
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By CLAYTON BEADLE and HENRY P. STEVENS 


jt is in the domain of pure science or pure 

research that great discoveries of industrial 
importance unexpectedly come to light. In such 
cases, the leading principle stimulating the 
chemist, the biologist, and the physicist is the love 
of knowledge for its own sake. When engaged in 
some particular investigation, the praia he 
frequently happens, side issues arise which Icad 
the investigator into fresh paths, and, although 
he may not attain the special object in view, his 
labours are not wholly disappointing. But such 
is not always the case, for many have worked 
and devoted a life of self-sacrifice without 
achicving any marked degree of success, and 
those who have striven for the attainment of 
some particular industrial object have, at times, 
failed utterly. But cases of failure may often be 
attributed to the lack of a proper combination 
of theory and practice. To perform a chemical 
“operation in the laboratory is a very different 
thing from carrying it out on a large scale in the 
factory. 

We shall endeavour briefly by way of intro- 
duction to refer to various operations performed, 
often unconsciously, by the chemist in the 
course of his analytical work, and at the same 
time common to most, if not to all, chemical 
industries. 


Lixiviation. This is the separation of the 
soluble from the insoluble, as in the process of 
extraction by water. Example: soda recovery. 

Extraction. In its genoral acceptance, this is 


the use of solvents, such as ethor, alcohol, carbon, 
disulphide, benzene, petroleum, ctc., as in the 


removal of fatty or greasy matters. Example: 
removal of wool fat from wool. 
Subsidence, or Levigation. This con- 


sists in the separation of (insoluble) particles 
from watery solutions, etc., due to gravitation. 
The largest particles subside first, then the next 
in size, and so on, thus effecting the separation 
of (a) solid from solid ; (b) solid from liquid; and 
sometimes (c) liquid from liquid. Examples: 
(a) clay washing; (6) clarifying effluents ; (c) 
oil and water. 

Levigation by Wet Grinding. This 
is the grinding of insoluble substances to a fine 
poe when wet, and separation by subsidence. 

xample: minerals for paints. 


Evaporation. This is the removal of 
water either (a) “ spontaneously,” as under the 
influence of air, wind, sunshine, etc. ; or (b) b 
the direct, or (c) indirect application of heat ; 
or (2) by the use of vacuum pans with or (e) with- 
out heat. 


Examples: (a) evaporation of salt from sea 
water, and the drying of hand-made paper ; (5) 
soda recovery by Porion system ; (c) “Stove,” 
or table salt from brine; (d) concentration of 
sugar solutions and glycerine by multiple effect 
systems ; and (e) drying of glue. 

Distillation. This consists in the separation 
of a mixture of volatile and non-volatile (or 
less volatile) substances by the application of 
heat. Fractional distillation is applied to various 
liquids containing mixtures of substances having 
different boiling points, whereby one is separated 
from the other, the lower boiling constituents 
distilling over first. 

Sublimation. This can be either spon- 
taneous, as when snow disappears without 
melting, or induced by heat, as in the purifica- 
tion of salammoniac or naphthalene. It involves 
the direct conversion of a solid into a vapour, 
and, if necessary, its subsequent condensation 
again to a solid. 

Filtration. This is the removal of solid 
impurities from liquids by passing or forcing 
the liquid through media such as cloth, paper, 
asbestos, sand, etc.. which retains the solid and 
allows the clear liquid to pass, or the same 
operation as performed in the filter press for the 
purpose of separating out the waste liquid from 
the valuable solid matter which it may contain, 
or vice versa. 

Centrifugal force is taken advantage of as a 
means of separation, as in the centrifuge for 
removal of liquids from crystals. 

Crystallisation. This is a means of separa- 
tion dependent on the crystallising out of solids 
from liquid solvents, when the solutions are 
brought below their saturation point. The 
crystals may be removed by filter pressing, 
ladling, running off liquid, or by centrifuges. 
Examples: water softening, separation of lcad 
and silver. 

Calcination. This is the operation of heating 
solids without fusing them, or where only partial 
fusion takes place, as in the manufacture of 
cement, ultramarine, and the recovery of spent 
liquors. More or less synonymous terms arc 
igniting, burning, firing, and roasting by means 
of the muffle out of contact of the fire gases 
and burning material. 

In certain cases the material operated upon is 
sufficiently combustible to supply the necessary 
heat for its own calcination, as in the case of 
recovered ash by “ rotary roasters.”’ 

Refrigeration. This is the use of cold to 
prevent or arrest chemical action, as with meat 
preservation, or to control bacterial growth, as in 
the case of lager beer fermentation. 


Continued 
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SHORT DICTIONARY OF TERMS IN APPLIED CHEMISTRY 


SEE ALSO SHORT DICTIONARIES ACCOMPANYING THEIR SPECIFIC SUBJECTS 
f 


ACIDIMETRY—The determination of 
the amount of acid in a substance. 
Albumifis or Albumens—A group of 
wabuminoids soluble in water. Egg 
albumin (white of egg) is an example. 

Albuminoids—Organic carbon com- 
pounds containing hydrogen, oxy- 
gon, nitrogen, and sometimes sul- 
phur, and of very complex nature. 
Ihey are essential both to animal and 
ant life. 

Albuminoid Ammonia (in water)— 


Ammonia obtained by distillation 
with alkaline permanganate — by 
Wanklyn’s method. 

Alcohol--(iencrally understood — to 


mean ethyl alcohol, C,H.OH, a 
constituent of alcoholic beverages, 
and obtained by the fermentation otf 
sugar, The term is also applied to 
subatances of similar composition. 


Aldehydes-— Substances obtained by 
the careful ovidation of alcohol. 


Alizarine—One of the = colonring 
matters of madder (Rubia tinctoria), 
the other being purpurin. Also 
prepared artificially from coal-tar. 

Alkalimetry—The determination of 
the amount of alkali in a substance. 


Alkaloids—Bases obtained from planta 
and possessing highly poisonous or 
medical properties. 

Alloy --An intimate mixture (possibly 
containing compounds) of metals 
with one another. 


Alum—aA double sulphate of alumina 
and another) metal,  crystallising 
in the regular system with 24 mole- 
cules of water. The name is often 
applied in commerce to sulphate of 
alumina alone. 

Amalgam—An alloy of mercury with 
another metal or metals. 

Amorphous — Without 
structure. 

Aniline—A colourless oll obtained in- 
directly from coal-tar and belonging 
40 the Class of primary amines. 

Aniline Dyes—Dyes obtained from 
aniline. The term is often incorrectly 
applied to all coal-tar dyes. 

Animal Charcoal or Bone Black—A 
Kubstance obtained by carbonising 


crystalline 


hones. 
Animal Oil or Bone Oil — An oil 
obtained by distilling bones. 
Anthracene—A_ = white —erystalline 


sOlid from coal-tar and the mother 
substance of the alizarine dyes. 

Antichlor--Sulphites and other sub- 
stances added to destroy any 
residues of chloride of lime left in a 
fibrous material after bleaching. 

Antifebrin—Acctanilide; an 
pyretic. -_ 

Antipyretic—Medicinal substance to 
allay fever. 


anti- 


Antipyrine—Phenyl-dimethyl — pyra- 
zolone; an antipyretic. 
Apatite—A mineral phosphate and 


fluoride of calcium. 
Aqua-fortis—Nitric acid. 
Aqua-regia—A mixture of one part 
nitric acid and four parts hydro- 
chloric acid. 
Argol— Crude bitartrate of potassium. 
Asbestos—A fibrous mineral substance 
used in making flreproof articles. 
Ash-—Mineral inatter left on burning 
organic substances. 


Asphalt—A_ natural mineral bitu- 
minous substance. 
Aspirator—A machine to draw a 


current of air or other gas through 
an apparatus. ; 

Assay—The determination of the 
uentty of a constituent contained 
Ina substance. 

-Ate-—-The termination of the names 
applied to salts of acids containing 
oxygen. 


Autoclave ~- A digester or closed veseel 
In which liquids ean be heated 
above their boiling points. 

Azo—The yroup N-N characteristi 
of oa darge number ot colouring 
matters derived from coal tar. 

BALSAMS—Thec exudations of plants 
consisting of resins, volatile oils, 
aromatic acids, and other substances, 

Base A metallic oxide or organic 
radical having the power of com- 
bining with an acid. 

Basic—Having the properties of a base 

Bauxite—A naturally occurring hy- 
drated oxide of alumina. 

Beaker—A tumbler-shaped vessel 
thin glass. 

Benzaldehyde —(il of bitter almonds: 
(gH, CHO. 

Benzene—aA_ liquid volatile hydro- 
earbon (formula CygHy) contamed in 
noal-tar. 

Bittern—The mother — Jiquid 
remaing after) common — aalt 
crystallised out trom sea-water. 

Blacklead—Plumbago or graphite; 
a form of carbon. 

Bleach or Bleaching Powder - Chlor- 
ide of lime or calcium hypochlorite. 

Blue-stone—Sulphate of copper. 

Boiled Oil—Linseed oil whieh has been 
heated) with litharge, manganese 
borate, or other substances, so that it 
has become thick and viscous. 

Boiling - point—The temperature at 
which a liquid) boils, the pressure 
bemgy that of a normal atmosphere 
unless otherwise stated. 

British Gum—Dexztrin. 

Bunsen Burner § (ias-burner having 
holes at the bottom for the admission 
of air. 

Burette—A graduated = glass 
wrovided with a stop-coch 
bottom for measuring fluids. 

CALCINATION—The operation ot 
ignition or heating till nothing mut 
aomineral residue or calx remamis. 

Calc-spar—Native crystalline caleium 
carbonate. 

Calibration — The process of ascertain- 
ing whether a vessel or other measur- 
ing apparatus holds or delivers the 
exact volume marked upon it. 

Caliche—Impure native nitrate 
soda or Chili saltpetre. 

Calomel--Mercurous chloride. 

Calorie—Metrical unit of heat, bemy 
the amount of heat required to rajse 
one gramme of water 1° (. 

Calorimeter—Apparatus jor measur- 
ing heat, usually the amount of heat 
developed by substanees when burnt. 

Caramel]—Brown colouring omatter 
obtained by heating sugar or glucose. 

Carbide—A compound of metal with 
carbon — as calcium carbide. 

Carbohydrate--A compound of car. 
bon, hydrogen, and oxygen, the 
relative proportions of the two 
latter elements being the same ar 
in water—as sugar. 

Carbolic Acid—Phenol: (yH,OH. A 
constituent of coal-tar 

Carbonyl] —The group ( O— that 1s, a 


at 


that 
has 


tube 


at. the 


group composed of a carbon and 
oxygen atom in combination. 

Carborundum—An_ ertremely hard 
substance containing carbon and 
silicon. 


Catalysis——The effect by which two 
substances are cnabled to react in 
virtue of the presence of a sinall 
quantity of a third substance termed 
a catalytic agent. 

Contact Action—-A synonym tor cata- 
lytic action. See catalysis. 

Centinormal — One - hundredth 
normal strength. : 

Chamber Acid— The crude sulphuric 
acid which collects on floors of the lead 
chambers; ot a strength not usually 
exceeding 70 per cent. of pure acid. 


of 


Chili Saltpetre—Sodium nitrate. 


China Clay —Kaolin, the purest varicty 
of clay. 

Chloride of Lime—Bleaching powder 
or calcium hypochlorite. 

Cinnabar —-Native sulphide of mercury 
or vermilion. 

Cochineal—The body of a female 
insect which produces red dye-stuff. 
Collodion—A solution of soluble nitro- 
cule in a mixture ot alcohol and 

ether. 

Colloid—.\ substance in the amorphous 
non-crystalline state — as ndia- 
rubber, glue, colloidal silica, cellulose. 

Colophony -- See rosin. 


Commercial Chemicals — Such as 
have not been specially puritied. 
Compound—A_ substance composed 


of two or more elements in combina. 
tion with one another, 

Condenser---Appuratua for condensing 
a vapour to oa liquid, consisting 
commonly of a tube surrounded) by 
au jacket of cold water, 

Constitution --The mode 
elementa are combined 
another in a compound. 

Corundum—Native alumina or oxide ot 
aluminium ot the same composition 
as sapphire and ruby. 

Creosote —Substance obtained by dis- 
tilling wood or coal-tar. 

Crucible—Cup-shaped vessel of fire- 
resisting material in which substances 
ean be strongly heated. 

Crude Product —Unpurified material 
obtained inp chemical manutacture 
or laboratory) work. 

Cryolite—A native fluoride of 
minium and sodium. 

Crystals—Characteristic geometrical 
shapea bounded by plane surfaces 
iu which most” solid substances 
occur, especially when separated 
from solution or on solidifleation. 

Crystalline Systems-— The sv classes 
nto which all known ¢ryatalline shapes 
are grouped. 


DEAD OILS— The name applied tothat 
portion of the coal-tar distillate 
Which sinks in water. 

Decantation—The process of pouring 
off the clear liquid after the solid 
mutter has settled to the bottom. 

Decinormal—One-tenth ot normal 
strength. 

Deliquescence— The absorption by a 
substance of moisture from the air, 
at times in sufficient quantities 
to Cause it to liquefy. 

Density—The mass of a unit volume ot 
asubstance. See also specific gravity 

sl ible ae type of reverse con- 
denser chiefly used in distilleries for 
ireeing alcohol from water. 

Desiccation— The process of drying. 

Desiccator As used msanualytical 
work, a glass vessel with ground 
closely - fitting lid = containing a 
iygroneopie substance =o such as 
calcium chloride, strong sulphurie 
acid or phosphorus pentoxide, so that 
any body placed inside rapidly 
loses its moisture and dries. 

Dextrin— A gummysubatance obtained 
trom starch by the action of diastase, 

Dextro-rotatory—RHotating the plane 
of polarisation of light to the right. 

‘Dextrose —Grape sugar, a aix-carbon 
sugar obtained from starch. 

Diamines—Diamido compounds: com- 
pounds containing two amido (NH ,) 
groups or their derivatives. 

Diastase—An unformed or soluble 
ferment which convorts starch ite 
sugar. 

Digester —Sec autoclave. 

Digesting—The provess of heating 
together a solid and a liquid so as to 
give them every opportunity = ot 
reacting with one another. 
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Distillate—That portion which passes 
into vapour and collects iu the 
vee ag when a substance is dis- 

ed. 


EFFLORESCENCE—Formation of a 
powdery. deposit on crystals through 
oss of water or of a powdery cry- 
stalline deposit on the surface of a 
porous hody, as in the case of nitre 
on the surface of the earth in India. 

Electrolysis —Separation of a chemical 
substance into its constituents by an 
electric current. 

Elementary Analysis—The determi- 
nation of the proportions in which 
the elements are contained in a 
substance. 

Elutrlation—Washing a finely- 
powdered substance by repeated 
reatment with fresh water. 

Endothermic Compounds — Com- 

unds in the formation of which 
eat is absorbed. 

Enzyme—Unorganised ferment 

Equivalent Weights—Weights of sub- 
stances which will combine with or 
replace one part of hydrogen. The 
equivalent weight of a compound 
will be a simple fraction, usually one- 
half, of the molecular weight. 

Ester—aAn ethereal salt. 

Ether—Usually understood to mean 
ethyl ether. A highly volatile and 
inflammable organic liquid (C2H,)20) 
The term is also applied to all 
substances of similar composition, 
and even to esters or ethereal salts. 

Ethereal—Pertaining to ether; thus 
by an ethereal solution is meant a 
solution in ether. 

Ethereal Salts—A salt of an acid in 
which the hydrogen is replaced by 
ethyl (CyH;) or other radicals, 
just as a metal replaces the hydrogen 
of an acid to form metallic salts. 

Eudiometer—A gas analysis apparatus 

Excess-——A reagent is present in excess 
when more than sufficient has been 
added to react with the portion ot a 
substance under examination. 

Exothermic Compounds — Com- 
younds in the formation of which 
ieat is developed. 

Extraction—Removal of one con- 
stituent from a mixture of substances 
by means of a solvent in which the 
comeing constituents do not dis- 
80. ve. 


FAT—Natural product composed of 
ethereal salts, such as glyceryl, 
stearate D pater eee and oleate. 

Fatty Acids—Acids formed on the sap- 
onification of fats. The generic 
term is now applied to several series 
of organic acids, including acetic 
and formic acids. 

Fehling Solution—Solution of copper 
sulphate with Rochelle salt and 
caustic soda; used in testing for 
sugars. 

Ferment—A nitrogenous organic sub- 
stance with or without organised 
structure and power of reproduction. 

Fermentation — Chemical process 
brought about by ferments. 

Ferric or Ferri Salts—Salts of iron 
containing the trivalent iron atom. 
Ferrous or Ferro Salts—Salts of 
fron containing the divalent atom 
Filtrate—The clear liquid obtained 

by filtration. 

Filtration—The separation of a solid 
from a liquid by passage through 
& porous medium. 

Flask—A_ globular-shaped vessel of 


thin glass. 

Fluxing—Melting or fusing. 

Foots—The deposit of impurities 
net in the process of Clarifying 
oils. 

Forchammer Process—Determina- 
tion of amount of acidified perman- 
ganate required to oxidise organic 
matter in a sample of water (water 
analysis). 
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Fraction—A portion of a distillate 
which has passed over during a 
definite range of temperature. 

Free Acid—An acid not in combina- 
tion with a base. 

Free Ammonia (in water)—Ammonia, 
probably in combination as a salt, 
sometimes termed saline ammonia, 
and obtained by distilling the water 
with sodium carbonate. ; 

Free Base—A base not in combination 
with an acid. 

French Chalk—Steatite or soapstone. 
A hydrated magnesium silicate. 

Fusel Ofl—Fermentation amyl alcohol 
formed in small quantities during 
alcoholic fermentation. 

Fusion Mixture—A mixture of equal 
parts of sodium and potassium 
carbonates, which fuses at a Jower 
temperature than cither separately. 


GAS LIQUOR— An aqueousliquor rich 
in ammonium salts obtained in the 
purification of coal gas. 

Glauber’s Salt—Sodiuin sulphate. 

Glucose—See deztzoae. 

Glucosides-—-Naturally occurring veget- 
able substances which split up on 
hydrolysis, yielding glucose and 
another substance which is not a 
carbohydrate. 

Gluten—A_ sticky, nitrogenous sub- 
stance obtained by washing out the 
starch from wheat flour. 

Glycerine or Glycerol—An oily liquid 
with a sweet taste, in reality an alcohol 
obtained by the saponification of 
natural fats and oils. 

Gooch Crucible — One witha perforated 
bottom on which is a layer of 
asbestos so that the procipitate nay 
be filtered, washed, and dried. 

Grape Sugar—Sece de rtrose. 

Graphite—Blacklead; a form of carbon. 

Gum—An amorphous carbohydrate 
characterised by its sticky properties 


and obtained from the natural 
exudations of plants. 
Gun-cotton—Nitrocellulose obtained 


by treating cotton with a mixture of 
strong nitric and sulphuric acids. 

Gypsum—Native crystalline calcium 
sulphate. 


MALOGEN— One of the following four 
elementa—chiorine, bromine, iodine, 
or fluorine. 

Hardness of Water —-The svap- 
ee oune powder due to dissolved 
salts. 

Homologues—Organit compounds of 
analogous composition to one an- 
other—for instance, methane, ethane, 
and propane are homologues. 

Hydrate—A chemical substance having 
water in combination with it. 

Hydrocarbon—A compound of car- 
bon and hydrogen. 

Hydrolysis—A type of chemical de- 
composition brought about by various 
agencies, but always accompanied 
ry absorption of water. 

Hydroxide—A compound consisting 
of a metal or radical in combination 
with hydroxyl groups—for instanco, 
copper hydroxide Cu(OH),, alcohol 
or ethyl hydroxide ('H;(OH). 

Hydroxyl—The group (OH). 

Hygroscoplic Substance—One which 
absorbs moisture from the atmo- 
sphere. 

Hypo--A prefix denoting a smaller 
proportion of oxygen. 


INDICATOR—Substance used to indi- 
cate the completion of a reaction in 
titration processes -— for instance, 
methyl orange. 

Infusion—A I{quid obtained by treat- 
ing a vegetable substance with a 
solvent to dissolve out some of its 
constituents. 

Inorganic Compounds—All 
pounds excepting those of carbon. 

Isomeric Substances—Thoee having 
the same centage composition, 
but different properties: 


com- 


Isomerism-—The phenomena exhibited 
ty isomeric compounds. 

-Ite—The terminal ending of names 
applied to salts of acids containing 
less oxygen than those ending in -ate. 


‘ 

KELP—The ash of certain seaweeds 
used as a source of iodine. 

Kleselguhr—A porous silicious sub- 
stance, with absorbent properties. 

Kjeldahl Estimation—A method of 
determining nitrogen, especially in 
organic substances. 


LACTIC ACID—<An acid formed in the 
souring of milk by the action of a 
ferment on the milk sugar. 

Lactose—See milk sugar. 

Leevo-rotatory—Rotating the plane of 
polarisation of light to the left. 

Lamina—A thin sheet or plate. 

Laughing Gas—Nitrous oxide. 

Leblanc Process—A method of mak- 
ing washing soda from common galt. 

Lees-—The deposit at the bottom of a 
vessel in which wine 1s fermented. 

Lime—Calecium oxide obtained by 
burning limestone or calcium car- 
bonate. 

Liquation—The separation of bodies 
by heating and allowing the more 
fusible to melt and fiow away. 

Liquor--A general term applied to 
liquids containing dissolved matter. 

Litharge—Lcad oxide. 

Litmus—A colouring matter obtained 
from a lichen and used as an 
indicator. 

Logwood—The hard wood of a tree, 
which yields a red dye. 

Lye—An alkaline Hquor containing 
the caustic alkaloids or their car- 
bonates. 


MALTOSE, or MALT SUGAR —A 
sugar produced by the actiun of 
diustase on starch. 

Marsh Gas—Mcthane (CH,) ; the fire- 
damp of the miners. 

Marsh’s Test— A test for arsenic. 

Measuring Flask—A flask which, filled 
to a mark on the neck, contains u 
measured volume of liquid. 

Melt—A fused mass of crude product 
obtained by heating. 

Mercuric Salts—Compounds of the 
higher oxide of mercury (HgO). 

Mercurous Salts—Compounds of the 
lower oxide of mercury (Hg,0). 

Meta—A prefix used to distinguish 
one isomer from another. 

Metal—An element which will com- 
bine with oxygen to form a base. 

Methane—See marsh gas. 

Methyl! Orange—The sodium salt of 
an aniline dye; used as an indicator 
for strong acids. 

Microcosmic Salt—Hydrogen sodium 
aaa phosphate HNa (NH,) 


Milk Sugar—A sugar found in milk. 
Millon’s Reagent—<A_ solution of 
mercuric nitrate containing nitric 


acid. 
Mineral Acid—This term usually 


includes sulphuric, hydrochloric, 
nitric, and other acids of inorganic 
origin. * 


Minium—See red lead. 

Molecule—A word anconing little 
mass ; the smallest particle of gaseous 
matter that can exist by itself. 

Mordant—aA substance used in dyving 
o, aid in fixing the dye on to the 

re. 

sa crude liquor expressed from 
ra 2 


NATIVE—Occurring in a natural state. 

Nessler’s Solution—A solution of 
mercuric iodide in potassium iodide 
prepared according to a special 
recipe. It gives a yellow-brown 
colour, with even minute traces of 
ammonia, and a precipitate with 
larger quantities. 

Nitre—Potassium nitrate. 


Nitro-cellulose—Nitric esters of cellu- 
lose, such as gun-cotton. 

Nitro-compound—(ne containing the 
nitro group (NO,). 

Nitrometer—A form of gas analysis 
apparatus used in the estimation of 
nitrous oxide in vitriol. 

Nordhausen Sulphuric Acid—The 
fuming acid H, SO, SOs. 

Normal Acids and Alkalies—sSolu- 
tions containing an equivalent weight. 
in grammes of the substance in ques- 
! aaa in one litre of water at 

oC. 

Normal Solutions — Solutions of 
standard strength based on a sytem 
of chemical equivalence. 


OLEFING— A groupof hydrocarbons ot 
gencral formula (nHon, where 2 is 
any integer; for oxample, oleflant 
as. 

Organic Compounds—All conpounds 
of earbon, with the exception of the 
monoxide and dioxide, which are 
usually reckoned as inorganic com- 
pounds. 

Oxidation—The process of adding 
oxygen or subtracting hydrogen from 
a substance. 

Oxide—A compound of an element or 
radical with ovygen. 

Oxidising Agent—A reagent foradding 
oxygen to or withdrawing bydrogen 
from a substance. 

Ozone—A form of oxygen containing 
three atoms to the molecule. 


PARAFFING—A group of hydroear- 
bons of the general formula CoH n+ , 
where nis any integer: for instance, 
marsh gas (CH). 

neat eee cmeines potassium carbo- 
nate. 

Permanent Hardness—Hardness of 
water not removed by boiling, and 
generally due to the presence of 
dissolved sulphates. 

Permanent White 
barium sulphate. 

Peroxide—An oxide containing more 
oxygen than the common oxide. 

Phenol—Carbolic Acid (CgH;0H). 

Phenol-phthalein—An organi¢ syn- 
thetic dye stuff used as an indicator 
tor weak acids. 

Pickling-——A term applied to the pro- 
cess Of soaking a solid in a liquid. 
Pinch-cock—A spring clip for closing 

a piece of indiarubber tubing. 

Pipeclay Triangle—A triangle clay 
pipe-stem held with iron wire, and 
used for supporting crucibles. 

Pipette — Graduated ylass tube for 
measuring liquids. 

Plaster of Paris—Hydrated calcium 
sulphate or gypsum, from which part 
of the water has been removed. 

Plumbago—Blacklead or graphite, a 
form of carbon. 

Potash or Caustic Potash—Potassium 
hydroxide. 

Precipitant—A subatance used to 
bring about the formation of a pre- 
Cipitate. 

Precipitate—A solid substance formed 
in a solution by a chemical reaction. 

Proof Spirit—An antiquated and 
e*umbrous standard of strength for 
aleghol. The density of proof spirit 
works out tu '91984 at 60° F. It con- 
tains 49°24 per cent. of alcohol by 
weight. 

Proximate Analysis—The deterinina- 
tion of the ingredients in a mixture 
of substances. 

Prussian Blue—A pigment formed of 
complex cyanides of iron. 


~ Precipitated 


Pyrites—Native sulphides of iron, 
and of iron and copper. : 
Pyrolusite—A mineral containing 


crude oxide of manganese. 


QUALITATIVE ANALYSIS — The 
poe of ascertaining the nature of 
he constituents of a substance. 
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Quantitative Anarysis— The proccss 
of ascertaining the proportions of 
the constituents of a substance. 

Quartz—Crystalline silicon oxide or 
silica (SiO 4). 

Quicklime—(Calcium oxide (Cao). 


RADICAL or RADICLE—<A complex 
group of elementa playing the part 
of, and reacting as, a single element. 

Reaction—The chemical action of one 
substance on another. 

Reagent—A substance, generally in 
solution, used to bring about a 
characteristic chemical reaction. 

Red Lead or Minium— The oxide of 
lead (PbgQ,). 

Reducing Agent—-A rcagent for adding 
hydrogen or abstracting oxygen from 
a substance. 

Reduction-—The process of adding 
hydrogen or withdrawing oxygen 
from a substance. 

Reichert’s Process—The standard 
method for estimating volatile fatty 
acids in butter. 

Resin or Colophony—A resinous sub- 
stance left in the retort after the 
distillation of crude turpentine. 

Resins—<A class of vegetable solids of 
brittle and glass-like fracture. 

Rider—A small V-shaped wire which 
is Shifted from one position to another 
on the beam of a balance, instead ot 
putting weights into the pan. 

Rochelle Salt—Sodium = potassium 
tartrate. 

Rock Crystal —Quartz. 

Rock Salt — Native sodium chloride or 
unrefined common salt. 

Rouge~— Finely ground 
(FegQ 4). 


SALINE—Partaking of the nature of 
a salt. 

Saline Ammonia 
free antmonia. 

Salt——tieneriec term = for the product 
of the combination of an acid with 
a base. 

Salt Cake—Crude sodium sulphat: ; 
the firat stage in the manufacture of 
roda by the Leblane process. 

Sampling—The operation of removing 
a osmall portion or sample repre- 
sentative of the whole. 

Sand Bath-—A shallow metal tray 
containing a layer ot sand on which 
vessels may be heated. 

Saponification—The process by which 
a soap (metallic salt of a tatty acid) 
is obtained from a fat. ‘The term is 
applied also to the hydrolysis of any 
ethereal salt with the formation of an 
aleohol and a fatty acid or its salt. 

Saturated Solution—A solution con- 
taining as much substance dissolved 
in it as the liquid will take up. 

Semi-normal—One_ halt of 
strength. 

Silicious —--Compored. of, or partaking 
of the nature of, silica or sand. 

Slag—A fusible silicate formed in the 
process of obtaining metals from their 


OFeRn. 

Slaked Lime—Lime slaked; that is, 
treated with sufficient water to form 
calcium hydroxide. 

Smelt—Cobalt blue. 
cobalt. 

Soap—The metallic salt of a fatty 
acid, generally oleic, palmitic, or 
stearic, or a mixture of these. 

Soda Lime—-A mixture of soda and 
lime, used for absorbing carbon 
dioxide gas. 

Soft Soap—aA potash soap or potaa- 
sium galt of a fatty acid, hard soaps 
being sodium salts. ; 

Solvent—T.iquids used for dissolving 
substances. 

Soxhlet Apparatus—An automatic 
apparatus for the extraction of fatty 
substances with volatile solvents. 

Specific aravity ratio of the 
weight of a substance to the weight 
of an equal volume of water. 


ferrie oxide 


(in water).— See 


normal 


A silicate of 


Standard Solution—Solution of defi- 
nite strength, usually normal or 
decinormal. 

Steam Oven---An oven surrounded by 
a steam jacket. 

Still—Dustilling apparatus. 

Suction Gas—See water gaa. 

Sulphonic Acid—An organic acid con- 
taining the group SO,H. 

Superphosphate--A imanurial sub- 
stance containing monocal¢cium 
phosphate. 

Synthesis—The building up ot a 
compound trom its elements, or from 
slpler substancen, 


TALG-- A substance of similar compo- 
sition to French chath. 

Tartar Emetic—-Potassium antimony 
tartrate. 

Temporary Hardness—Hardneas of 
water removed by boiling, and due to 
biearbonates. See also hardness. 

Thermometric Scales —Those com- 
monly used are the Centigrade and 
Fahrenheit scales. 

Thio—A prefix showing that) oxygen 
in the substance has been replaced by 
sulphur. 

Tincal—-Crude boray. 

Titration—The process of adding a 
measured amount of a solution ot 
one substance to another until the 
reaction between them is complete. 

Turmeric— Yellow colouring matter. 

Twaddell Degrees—A_ technical 
method of reckoning the specific 
gravity of a liquid. ee Degrees 
Mwaddell specith uray ty - 1,000, 


od 
water ~ 1,000 


ULTIMATE ANALYSI8— The separa- 
tion of aubstances into their consti- 
tuent elements. 

Ultramarine An artificial blue 
colouring matter resembling ground 
lapis lazuli, 

U-tube —(ilass tube in the shape of 
the letter UU, and used for absorbing 
JAKES, 


VACUUM DESICCATOR -A desic- 
cator from whieh the air can be 
exhausted, 

Valency—The combining en ot 
wn element or the number of hydrogen 
atoms or their equivalents with which 
an atom of the element in question 
will combine. 

Vermilion — Sulphide 
used as a pigment. 

Vitriol—Sulphuric acid. 


WASH-BOTTLE — Bottle or flash 
with which a jet of water can he 
directed on to a precipitate for the 
purpose of washing It. 

Washing — Treating oa substance 
(usually a precipitate) with successive 
quantities of a solvent, such as water, 
in order to dissolve soluble Impurities. 

Water Gas-—-A mixture of hydrogen 
and carbon monoxide gases obtained 
by passing steam over red-hot coke. 

Water Oven— Steam oven. 

Wax —An ethereal salt. of a fatty acid, 
and a monobydric aleohol (alcoho! 
with a single hydroxyl group). 

Weighing-bottle--A small stoppered 
bottle in which a substance can be 
weighed out of contact with the 
surrounding air. 

Welldon’s Process—<A process for the 
recovery of: manganese from still 
liquors, and hence indirectly a method 
for making chlorine, 

White Arsenic or Arsenic—Arsenic 
oxide (As3Q,). 

White Lead—lJasic carbonate of lead. 


ob | mercury ; 


YEAST —A_ vegetable (organised) 
ferment which is capable of convert- 
ing sugar into alcohol. 

ZINC WHITE -— Zine oxide (Zu0). 
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nistory A FIGHT FOR THE WORLD'S CROWN 


30 France in the Middle Ages—continued. Mediaeval Italy. The Struggle between 


Pope and Emperor. 


Continued fram 


The Rise and Fall of Rienzi. 


A Great Period of Art 


By JUSTIN McCARTHY 


[XN 1590 Henry won a victory over the Leaguers, 
under the Duke of Mayenne, at the famous 
battle of Ivry, and in 1593 succeeded to the 
throne, having in July of that year professed 
himself a Catholic, the profession being celebrated 
with great pomp at St. Denis. In 1598 a peace 
was concluded hetween France and Spain, who 
had been at war for a long time, and in the same 
ear Henry signed the famous Edict of Nantes. 
y which he secured to the Protestants liberty 
of conscience and equal treatment by the law 

The Famous Henry of Navarre. 
Henry had already proved himself one of the 
great warrior princes of France, and he now 
showed that he had high qualities for civil 
government. When he came to the throne, the 
landed aristocracy managed the affairs of the 
provinces according to their personal will and 
after the most arbitrary fashion as regarded the 
imposition of taxes and compulsory service. 
Henry threw his heart into these questtons, and 
accomplished many splendid reforms. He insti- 
tuted also a system of road-making. by which he 
opened up all parts of his kingdom to business 
enterprise and traffic, and thus developed industry 
and prosperity throughout France. 

In his great work of reform Henry was well 
supported by his minister, Maximillian, Duke of 
Sully. Sully had accompanied Henry in his 
flight from the French Court ; had gone with 
him afterwards into his wars; had proved 
himself a brilliant soldier, and helped to win 
victory at Ivry, and other battles. Sully set 
himself at once to repair the ruined financial 
system of the State. Within ten years he 
reduced the National Debt to less than one- 
sixth of what it represented when he took charge 
of the national exchequer. During his time, he 
raised the revenue of the State to more than 
double its annual amount, while he took care 
that the navy and war departments were put 
into a satisfactory working condition. The 
great reign of Henry came to an end on the 
l4th of May, 1610. He was murdered by a 
man named Francois Ravaillac, who had been a 
schoolmaster, had become bankrupt, and, after 
long imprisonment, had joined a monastic order. 
It is believed that Ravaillac was driven by 
fanaticism to kill the sovereign who was giving 
i aN liberty to his subjects. Jt has been well 
said by a French historian that Henry was the 
greatest, and, above all, the most essontially 
French of all the sovereigns of France. 

International Arbitration. Among 
some of his projects was the idea, revived at 
intervals since his time, of a confederation of 
European states, at which all international 
questions should be settled by inquiry and 
arbitration, without an appeal to arms, Like 
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many other great soldiers, ho was at heart a 
lover of peace, and was filled with a conviction 
that an international tribunal could be formed 
by whose careful consideration and judicious 
decisions reason and equity could be made to 
triumph, without the uncertain services of the 


sword. 
ITALY 

Italy remained for centuries in a condition of 
almost incessant civil war among a number of 
rival states such as Rome, Venice, Milan, Naplea, 
Sicily, and others—when the Italians were 
not engaged in endeavouring to repel invaders 
from their own shores 

In 800. Pepin, the son of Charlemagne, was 
crowned Emperor of the Romans, and another 
descendant of Charlemagne, Louis II. came to 
the aid of Pope Leo IV. against the Saracens, 
and, for a time, checked their progress. Hight 
kings of the Carlovingian line were acknowledged 
in Northern Italy, but their rule ended in 887, and 
they were followed by ten Italian kings—kings 
in name, at least—dukes of different parts of 
Ttaly. In 961, Berengar II. was deposed, and 
Otto of Saxony was crowned King of Italy at 
Milan and Emperor of Rome at Rome rom 
that time the Crown of the Roman Empire, later 
called the Holy Roman Empire. was claimed 
by the sovereigns of Germany for many centuries 

During all these long struggles Rome had 
continued to be the seat of the Papal power; 
but even the power of the Popes had not been 
able to secure the great city as their permanent 
place of residence during the whole of the Middle 
Ages, for in 1307 the Papal Chair had to be 
removed to Avignon, in France. where it remained 
until 1370, when it was restored to Rome by 
Pope Gregory XJ. 

The Papal Fight for Temporal Power. 
Throughout the Italy of the Middle Ages two 
great forces dominate, forces which, in the eyes 
of the idealists of the time should unite to govern 
the world, forces which, as a matter of fact, 
were mostly set in steady opposition. These 
two forces were the Pope and the Emperor. Tho 
heir of Peter and the heir of Cesar strove for the 
world’s crown instead of, guarding it with the 
sword and the keys. The conflict of these great 
chiefs split all Italy into two great factions, they 
themselves afterwards subdividing by different 
political and local causes in very bewildering 
fashion. The struggle of the Guelphs and tho 
Ghibellines contributes much to the most fas- 
cinating history of medieval Italy. Though the 
names of the two factions are now always 
associated with Italy, they had their origin in 
Germany. That country, steadily conquering 
portion after portion of the Roman Empire, 
gave to subjugated Kurope an aristocracy of - 


German names, and gave to Italy besides the 
names of the two great parties whose feud rent 
every Italian city and divided many an Italian 
household. 

The Wars of the Two Factions. 
Otto of Freising, writing of the middle of the 
twelfth century says, “Up to the present time 
two families have been famous in the Roman 
Empire, about the parts where Gaul and Germany 
meet—the Henries of Waiblingen and _ the 
Welfs of Altdorf.” The name of the little town 
of Waiblingen and of the family of Welfs were 
Italianised into the forms we now know as 
Ghibelline and Guelph. Through the perplexing 
and intricate history of medieval Italy. with its 
many independent cities and little principalities 
all warrmg onc with another. these two 
names of faction arc ever to the front. It 
is not easy to estimate precisely what the 
two terms signify. Speaking roughly. the 
Ghibcllines stood for stern authority and the 
Guelphs for popular liberty ; but the exact signifi- 
cance of the terms varied under varying condi- 
tions. Broadly, the Ghibellines were the party 
of the Emperor. and the Guelphs the party of the 
Pope A hostility that dawned with the expech- 
tion of Frederick Barbarossa against Italy in 
1154 persisted through the ages, and its influ- 
ence is perhaps not yet altogether extinct. 

While Pope Innoeent ITI. was giving the 
law to every kingdom of Europe; while 
the Emperor Frederick Il. was the most 
brilliant figure in his brilliant Court, and was 
coming under the excommunication of Guelphic 
pope after Guelphic pope; while from Frede 
rick's death in 1250 to 1309 no Emperor was 
recognised in Italy, the Guelphs and the Ghibel- 
Imes continued to rage against each other. 

The Dream of Rienzi. During the years 
when the Papal seat was at Avignon was seen 
the riso and fall of Cola de Rienzi. This remark- 
able man was born of humble parents, in 1313, 
but was from his childhood an eager student 
of the great Latin Classics, and he became filled 
with a passionate desire to restore the Romun 
people to their ancient position of independence 
and glory He found Rome suffering under an 
aristocratic rule during the intervals of its inva- 
sions and captures by toreign powers. The death 
of his brother by the wanton act of a noble, and 
the knowledge that he could obtain no redress, 
gave a sudden stimulus to his revolt against 
the power of the nobles. In 1347 he succeeded 
in inducing the citizens of Rome to rise against 
the aristocratic Senate. The Senatorial rule 
was for the time completely overthrown, and 
Rienzi was made Tribune, a position which 
was practically that of Dictator. He endeavoured 
to bring about the realisation of that dream which 
was yet to remain a dream for some centuries— 
the unity of Italy, with Rome for its centre of 
government. 

He prevailed upon the other states of Italy 
to send delegates to Rome to consult on measures 
for the construction of a great Italian confedera- 
tion. The scheme was received with enthu- 
siasm, and on August Ist, 1347, two hundred 
deputies assembled in the Lateran (‘hurch, and 
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Rienzi was crowned Tribune of the new Federa- 
tion on April 15th. But the delegates, like Rienzi 
himself, had been carried away by enthusiasm, 
and had not estimated the immense power of tho 
aristocrats. Rienz1 defeated the nobles in a 
bloody battle in November, but, filled with the 
pride of victory, he tried to enforce ubedience, 
and becamb unpopular. The Pope declared 
against him, and after only seven months of 
his exalted position the bright dream faded, and 
the Tribune had to seek refuge in Naples. 
where ho remained for two years leading a life 
ot religious seclusion. 

A Failure due to Success. He then 
determined to go back to Rome and continue his 
efforts for the overthrow of the nobles. He 
first went to Prague to ask tho support of the 
Emperor Charles IV., but was sent by him as 
a prisoner to Pope Clement VI. By the inter- 
cession of Petrarch he was released, and the 
new Pope, Innocent VI., who had succeeded, 
wishing to crush the nobles, sent Rienzi to Rome 
with Cardinal Albormoz. Now might have come 
the triumphal hour of the people's Tribune. 
But Rienzi seems to have been carried away, 
for the first time, by personal ambition, and his 
second success led him into the desire to win for 
himself a supreme position. He formed a body 
of soldiers into a guard of his own, and headed 
a procession into Rome in August, 1354 His 
gencral bearing scems to have convinced a large 
number of Romans that he was an ambitious 
self-seeker rather than a devoted patriot ; where 
he was once adored he was now detested, and 
in a sudden burst of tury a number of the 
populace surivunded his house and put him to 
death. 

The carecr which had opened so_ brilliantly 
came to this ghastly end on October 8th, 1354, 
when Rienzi had hardly passed his prime. There 
can be no question that he was a man of great 
ability and force of character, and that he had 
then dreamed a dream for that unity of Italy 
which has in our days become a living reality. 
In 1370, Gregory XT restored the Papal throne 
to its place in Rome. 

The Times of Dante. The years at 
which we have been taking a rapid glance form a 
period during which some of the greatest names 
in Italian art and letters came into their full 
lustre. Dante Allighieri, one of the great pocts 
of all time, was born in Florence, in 1265. In 
1289 he took part in the battle of Campaldino, 
but he seems soon to have given up military life 
for politics, in which he sided with the Guelph 
party. When that party later became divided 
into Blacks and Whites, his sympathies were 
with the Whites, or more moderate Gucelphs. 
When the Blacks triumphed, Dante and others— 
among them the father of Petrarch— were 
exiled from Florence, in 1302. Dante went first 
to Verona, then to other parts of Italy, and, it is 
said, to Paris, and finally to Ravenna, where he 
died on September 4th, 1321, and was buried 
by his friend Guido. Of his many works those 
best known to English readers are tho “ Divine 
Commedia ” and the * Vita Nuova,” which tells 
of his love for Beatrice. 
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Petrarch, another great Italian poct, was born 
in Arezzo, in 1304. He lived for many years at 
Vauclouse, near Avignon, during the years when 
the Papacy was established at Avignon. and it 
was there that he first met the Laura to whom 
his famous sonnets are addressed. He died 
in Italv—at Arqua—in 1374. There were other 
great names in literature and, of course, very 
many in painting and sculpture, which arose in 
Haly during succording generations, but those 
of Dante and Petrarch will vindicate the claims 
of the Italy of the Middle Ages to rank with the 
Italy of the days of Virgil and Horace. 

Italy under Five Rulers. The history 
of Italy now beeomes for a long time a 
narrative of the struggles between rival rulers 
and families at home for the possession of 
Italian regions which had )een lost, or for 
further conquests. The Italian peninsula was 
divided among five different rulers | The 
Kingdom of Naples. the Duchy of Milan. the 
Republics of Florence and Venice, and the 
Papacy at Kome held the country as indepen- 
dent powers. The states were, however. not 
held continuously by the same line of rulers, for 
there were frequent changes of masters. Venice 
was ruled for the most part by a hereditary 
Garand Council, and her long contest with Genoa 
to become the ruling power of the Mediterranean 
had ended in success for Venice. The Emperor 

Charles V. of Germany, and Francis |. of Franee, 
rivals in their efforts for power in Italy, kept the 
country long distracted. 

The Sack of I.iome. Francis regained 
possession of Milan in 1515, but some = vears 
after the Emperor was again successful; in 
1524 he drove the French forces out of Italy, 
and during the long struggle the French King 
was actually taken prisoner at Pavia. = The 
sack of Rome by an army made up chiefly of 
Lutherans and Spaniards. fighting for the 
Emperor, and the foreign occupation of Rome, 
lasted for several months, and distracted the great 
historic city by successive and horrible scenes, 

The family of the Borgias, which was one 
of the most powerful in mediwval Italy, came 
originally from Spain. Alfonse de Borgia, 
@ bishop, accompanied Alfonso of Aragon, whose 


secretary he was, to Naples. Later on he was 
chosen as Pope. with the title of Callixus HIT. 
His nephew Rodrigo became Pope in 1492, as 
Alexander VI. Before he ascended fhe Papal 
chair he was the father of many children, of 
whom Ceasar, his fourth child, and Lucrezia, 
his fifth, were the most famous. (wsar Borgia 
was born in 1476 and died in 1507. His active 
lite lasted only about four years. His ambition 
was to reconstruct a Kingdom of Central Halv. 
of which he should be the head; and it seemed 
for a time as if he would succeed. But the death 
of his father in 1503—it was believed by poison 
—war fatal to Cewsar’s plans. Pope Pius IT]. 
was succeeded by a great enemy of Cerar’s - 
Pope Julius. 

(Cesar was unprisoned in 1504, but escaped two 
vears later, and went to Navarre, where he was 
killed while in command of the Royal forces in 
the following year at the age of thirty. About 
him was written Machiay elli’s famous “ Principe.” 
He was a lover of art and letters, and the patron 
ot Lionardo da Vinci. 

The Medicis. During the fifteenth century 
the family of the Medici had become practically 
the rulers of Tuscany. With Cosimo de Medici 
(1389-1464) began the glorious epoch of | the 
family. He obtained for Florence, which was 
still—at least nominally—a Republic, a tem 
porary safety from invasion and something like 
peace from civil strife, He devoted much of his 
time and wealth to the encouragement of letters 
and art; he adorned the city with magnificent 
buildings. and established some great hbraries. 
He was the grandfather of the famous Lorenzo 
de Medici, called “The Magnificent,” most 
famous as the patron of Michelangelo. 

To a younger branch of the family belonged 
ths next important ruler of Florence, Cosimo T., 


who at one time enjoyed the distinction of 
the title of “The Great.” Cosimo had much 
ability, energy, and = statesmanlike capacity, 


and had inherited the Jove for literature and art 
of some of hix predecessors. He was, on the 
whole, a just ruler. though in his personal dis- 
likes he was severe and eapricioux. He was 
made Grand Duke of Tuseany uw 1570, and was 
crowned by Pius V. He died four years later. 


C'enlinued 
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By JOSEPH W. HORNER 


Cams. After the dotail drawing of the frame 
of a machine has been completed, the minor 
details are drawn out on separate sheets as 
previously explained. Fig. 141 illustrates o 
working detail drawing of the cams of an auto- 
matie screw machine. The views shown com- 
prise a separate detail of each cam and a gencral 
lay-out of the cams upon the drum which carries 
them. The drum 1s circulm, but its periphery 1s 
developed in order to figure thereon the exact 
measurement for spacing the cams. The turret 
of the automatic machine described on page 
3632 in MrcnanicaL EnatneerrN« is controlled 
hy a series of cams somewhat similar to those we 
now illustrate in 141. The cams are of tempered 
spring stecl, and are secured to the drum hy 
means of }-in. screws ; the working face of cach 
cam has a bevelled edge arranged so that the 
turret roller may clear the face of the drum and 
vet have complete contact with the cam = The 
drum 1s 30 in. diameter, the length of 1ts peraphery 
or circumference is therefore 94:248 in. The 
width of the drum is 10 in., which allows for a 
total travel of the turret of 9} 1n. A line marked 
zero 18 the base from which all measurements are 
taken when spacing the cams around the drum 

The cams marked H, J. L. M, and K are used for 
fecding the turret forward for various opar ations, 
while the cams marked BI, B2, 

B3, B4, and B5 return the turret 
from the operations. The cam ; 


marked N gives only a par- . -.\"-—= 

tial return feed, and the (Ze 

turret is stationary from were. oe — 
the time cam N_ leaves y Sa 


re 

“ i 
it until cam B5 catches OK wee \ 
the turret roller to J 
complete the return / 
feed. This period 1s 
taken up by the cut- 
ting off of the 
finished screw from 
the stock bar in the 
chuck. There 16 a 
somewhat similar 
period of rest be- 
tween cam M and 
cam B4, which is 
taken up by the 
forming tool coming 


into action and retiring. Na MOA 
The speed of the “ ‘\ LX 
turret is governed by the ~*~ 


speed of the drum andthe * “Ns 
angle of the particular cam > 
in engagement. The speed of the 
drum is varied automatically from 
fast to slow and vice versé by ex- 
ternal means as required during the 





revolution ; the slow speed is used while a screw 
is bemg actually machined, the other cutting 
operations being petformed, at fast speed. All the 
return feed cams, B1 to BS, are set at an angle of 
63 deg. for quick return, while some of the forward 
feed cams, U in particular, have a very much 
amaller angle, and consequently feed considerably 
slower ; in fact, the angle of the cam is designed 
to suit the rate of feed, and this is determined 
by the nature of the work to be done by the 
active tool in the turret The duty of each cam 
is stated on the general lay-out. The illustration 
[141] 1s reproduced from an actual working 
drawing supplied by Mesors. Alfred Herbert, Ltd., 
Coventry. 

Heart-shaped Cam. Thc cams in the 
preceding example are single acting—that 15, 
they do not separately complete the reciprocal 
movement of the turret In many mechanisms it 
w essential that a single cam shall complete a 
forward and backward stroke, when it takes the 
form of a revolving plate properly shaped to 
give the required movement. Fig. 140 shows a 


heart shaped cam, designed to give a uniform 
reciprocating motion to a vertical rod To mark 
it out properly, we first consider the path to bi 
traced by the centre of the’ roller which is on the 
rock 


Draw cireles for the shaft and the boss ot 
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141. cAvMis FOR AN AUTOWATIC SCREW WACHINE 


the cam, lay off the thick- 
ness of the cam rim above 
the boss, which thickness 
may be one-quarter,the dia- 
meter of the shaft, and then 
describe the oller and its rod. 
The stroke or travel of the 
rod A B is measured oft and 
divided into any given niwm- 
her of parts (say 16), dotted 
circles are chawn through 
these points, as shown, using 
the shaft centre as a common 
centre ; then divide the ci- 
cumference of the outer cnele 
into 32 equal parts, a, b, ¢, 
ete., and draw radial hnes to 
the centre. The theoretical 
curve of the cam passes 
through the intersections of 
la, 2b, 3c, 4d, 5e, and so forth. 
such a curve being the true 
path of the roller centre. To 
obtain the actual outline of 
the cam, a series of ares are 
struch fiom the mtersections, 
the radu of the ares being the 
radius of the roller. A ime 
touching all these ares and 
having w smooth curve 1s the 
outline required 

Small cams are frequently 
formed from = flat sheets of 
metal, but large ones are 
made with rims and ribs as 
140 The outhmes of cams can 
be varied to give variable 
speeds, periods of rest, slow 
speeds, and quck return 
motions, ete Ino crushing 
machinay cams are often 
used to lift a weight, which 
drops freely when the apes 
of the cam Jeaves it. In 
such cases the cam has no 
return face. 

Spindles. Spindles are 
sm ul shafts, used in machme 
tools and light machinery 
They ave gencrally short, 
and have special provision 
for adjustment and Jub- 
cation. Fig. 142 shows a 
spindle as fitted to a lathe 
headstock. The front end, .A, 
1s screwed to receive the fare- 
plate, and a collar, B, 1s made 
part of the spindle in order 
to stop the faceplate always 
in the same position. The 
coned necks in the two front 
bearings are arranged 40 that 
when wear takes place the 
necks may be drawn into the 
bearings and the slackness 
taken up without lowering 
the centre of the spindle. 
The back lock nuts, (, wre for 


drawing the spindle into the bearings ; the back 
cone is smaller than the front conc so as to pass 
through the front bearing. The third bearing 
carries g stop pin, D, the function of which is to 
prevent the conical partsfrom , 
jamming in the bearings when 
end thrust occurs. It is fitted 
with adjusting nuts, E. The 
taper of the cones may be 
from | in 4 to 1 in 6, measured 
on the diameter. 

Another spindle is indicated 
in 148, where end thrust is 
taken in a thrust bearing. A 
number of collars are turned 
on the spindle to fit into a 
corresponding number of re- 
cesses in the back bearing ; 
both the front and the bach bearings are divided 
and fitted with caps, so that adjustment can be 
made for wear The bearings are parallel, and 
lock nuts, A, are provided for the purpose of 
taking up wear on thie faces of the thrust collars. 
This is a common 
form of spindle on 
heavy lathes where L 
the end thrust is 
considerable. 

Thrust Bear- 
ings. The most 
efficient thrust is 
that made with 
steel balls, for in 


~ 






ANGe_. 











rolling friction 

takes the place of sliding fhiction. Fig. 144 
illustrates «a ball-thrust bearing arranged at 
the bottom end of a vertical spindle = This 
is made by the Hoffmann Manufacturing Co. 
Chelmsford. The construction is sunple and 
entirely self-contained ; the 
baseplate F can be made to 
suit any machine, or it may 
be part of a machine. Tho 
ball thrust proper is com- 
posed of an outer cast-iron 
casing, Gi, recessed into the 
baseplate F; a conc or float- 
ing disc, H, which auto- 
matically adjusts itself in 
its seating and so ensures 
an equal load upon all the 
balls; a ring of balls held 
in a retaining cage, I, a 
hardened steel cup, K, and 
aretaining wire. L. The re- 
taining cage I prevents any 
friction between the balls 
themselves ; it is so designed 
as to float upon the balls, 
and therefore it does not 
bear upon either the cup 
K, the cone H, the casing 
G, or upon the spindle 
itself to cause friction. The 
retaining cage also enables the complete ring 


of balls to be handled without the balls falling 
out, a great convenience when putting a 





142, LATHE SPINDLE WITH CONES 


143. LATHL SPINDLE WITH THRUST 
COLLARS 
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146. PLAIN FOOTSTEP BEARING 


DRAWING 


bearing together or dismantling. The retaining 
wire L keeps all the parts together. It is 
not necessary to key either the cone H or the 
cup K in place, as the friction between them 
and the balls is so slight that 
the friction between thom and 
_ their seats is ample to prevent 
rotation. The steel balls are 
‘Hoffmann balls,” and are 
guaranteed to be within one 
ten-thousandth part of an 
inch of standard, both as to 
spherity and size. These 
hearings do not provide for 
side support of the spindle, 
but only for end thrust ; they 
are made in heavy, medium, 
and light types. A table of 
sizes of the medium type is given on page 4327. 
Footstep Bearing. An ordinary footstep 
bearing 1s shown in 146, which provides for end 
thrust and also for 
side support — of 
the spindle, but 
is not so efficient 
as the previous 
example. The 
thrust is taken 
upon #& concave 
stecl disc, A, laid 
upon the — base- 
plate B, and kept 
from turning by 
the pin C; the 
dise A is kept in 
a central position 
by the gun- 
metal bush PD, which bush also gives side 
support to the spindle; the set serew KE 
keeps the bush from turning. 
Ball-thrust 
Washers. A common 
device to take end thrust 
on light spindles is to have 
several washers arranged 
between the end bearing 
and a collar on the 
shaft. <A hetter method 
13 illustrated in 145, which 
shows an application of 
two Hoffmann ball-thrust 
washers to the feed screw 
of a lathe slide. The ring 
of balls is held in a re- 
taining cage as in 144; 
hardened steel washers are 
provided for the balls to 
run between; these bear- 
ings are made with a 
hole five-thousandths of an 
inch larger than standard, 
s0 a8 to allow the spindle 
to revolve freely inside 
the washer. The end of 
the spindle is screwed and 
fitted with a circular nut, which is kept from 
revolving by a pin passing through both nut 
and spindle. 





145 BALL-THRUST 
WASHERS 
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DRAWING 


HOFFMANN THRUST BEARINGS~MEDIUM TYPE 


Sizes .. 


Size of balls in. 


Number of balls .. 
H’ ght of bear’gs A. in. 
Outside diam. B. in. 
Bore of case C. in. 
Shaft diameter D. in. 


Ball= bearing 
Hubs. 
example of a ball 
bearing which takes 
both end pressure 
and journal pres- 
sure is shown in 
148. It is known 
as the Hoffmann 
patent ball-bearing 
hub, and is specially 
designed for motor- 
cars and vehicle 
wheels of all kinds. 
There are four rows 
of balls in each 
hub: the two outer 
rows take the 
journal load whilst 
the two inner rows 
take end thrust in 
either direction. 
The load is taken 


in each case at right 


A good f- 


HOFFMANN BALL - BEARING 


Size of Bearings 


Diam. of large journal balls 
» oo» Bmall ,, as 
>» oo thrust balls (2 rows) 
Number of balls in each row 
Diam. of flange es 
» axle,smallend .. 
» Jarge end .. 
« o« body : 
» end of housing .. 
.» body, ., 
. » taper,, .  .. 
Degrees of taper on shaf 
End of cone to end of housing .. 
Length of taper inside cone 
‘ » Straight part inside cone 
End of cone to inside of grease cap 
Undercut width hetween flanges 


Thickness of flange a 1 On 
Inside edge of flange to edge of taper Py i 


Inside flange over end of housing 
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angles to the axis of 
rotation of the ball, 
and a perfect rolling 
action is attained 
with a consequent minimum of friction. The 
conc piece is of hardened steel ground out 
internally to a taper which fits the axle and is 
held on by a nut and pin in the usual manner. 
When this nut is removed, the wheel, with the 
bearing complete, can be taken off the axle. 
‘The removal of the wheel with bearing does not 
interfere in any way with the adjustment of 
the ball bearings. When it is required to dis- 
aes LNG gas TE mantle 

the bear- 

ing, tt 
is done 
easily by 
2777 unscrew - 
5 ing the 


’ aed hn a Aik. dise nut 
YI 
1 aman 


Width between flanges 
Overall length 


W at the 
inner end 
of the 
hub, and 
with- 
drawing 
the bear- 
ing from 
that end. 
The balls 
148. BALL-BEARING HUB are held 





Q. in. 
R. 1 
T. i 





in retaining cages and do not fall out when the 
bearing is taken to pieces. Leather washers are 
litted to the dise nut in order to exclude dust. 
A table is given on this page showing the lead- 
ing dimensions of the heavy type. They are 
also made in medium and light types. 

The use of ball bearings as a means of reducing 
friction between moving parts has wide applica- 
tions apart from the examples given, but the 
principles of design and construction do not 
materially alter. 

Roller Bearings. Another anti-friction 
appliance is the roller bearing, the underlying 
principle of which is identical with the ball 
bearing—that is, the substitution of rolling 
friction for sliding friction. Bearings arc made 
having solid rollers interposed between the shaft 
and its seating; such bearings when properly 
designed are a great improvement on plain 
bearings having sliding friction, but they are not 
perfect. To obtain the hest efficiency and the 
longest life out of a roller bearing the rollers 
must be flexible, so as to present even bearing 
surface along their entire length. The irregu- 
larities incidental to the running of shafting and 
axles prevent the uniform distribution of load 
over the full length of the bearing, resulting in 
unequal wear and distortion of the rollors 
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DRAWING 


AXLE 5S DIAMETER. 
ROLLERS 1%" DIAMETER. 
SLEEVE 3 THICK. 
LINING" THICK. 

LOAD: 15000 LBS PER 


BEARING. 
BEARING FOR S UOURNAL 


OF 
CO TON COAL WAGGON 
FOR 
NORTH EASTERN RLY Co 
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BRONZE THRUST BLOCK 
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END VIEW HALF OF 
CAP REMOVED 
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END OF AXLE 


149. WAGQUON ROLLUR BEARING (bvatt Rolla: Boars Co , Ltd ) 


when they are made solid, and consequently 
rigid. There are several methods of making 
rollers flexible, one of the best of which is adopted 
m the Hyatt flexible roller, This roller is made 
from 2 strip of steel wound into a coil or spring 
of uniform diameter; it is applicable to all 
speeds and loads, and can be made of thin 
material for light Joads and high speeds, and of 
thicker material for heavy loads and slow 
speeds. The roller acts as an oil reservoir and 
the spiral grooves as oil carriers. If dirt or other 
foreign matter get into the bearing it is squeezed 
into the inside of the roller away from the bear- 
ing surfaces. 

Eccentric Bearing. Fig. 147 shows an 
application of the Hyatt flexible roller. It is a 
drawing of the eccentric bearing of a cotton gin. 
The bearing is not concentric with the shaft, 
but the centres are # in. apart, which gives a 
reciprocal throw of 14 in. to the socket A. 
This movement is virtually a cam action and 
is carried out at the high speed of 1,000 revolu-. 
tions per minute. The eccentric B has a split- 
ateel sleeve fitted to it, this being ground to give 
a truc and hard bearing surface for the rollers. 
A similar sleeve or lining is fitted insido the 
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strap (. The rollers lie between the sleeves and are 
hept in place by a retaining cage, which holds 
them in such a way as not to restrict their 
operation but simply to prevent them from getting 
too far out of line. The split sleeves are shown 
in detail, and they are kept from turning bv 
pins as indicated in the general views. The 
strap © is in halves to facilitate removal, and it 
has bronze end-plates fitted. The bearing is 
kept flooded with oil. 

Waggon Bearing. <A unique yet entirely 
successful application of the Hyatt roller is given 
in 149, which is a copy of a working drawing. 
It represents « waggon axle-box as made for the 
North Eastern Railway Company. The journal 
is 5 in. diameter and 9} in. long ; the end of the 
axle is reduced in diameter and a steel ring is 
shrunk on in order to keep the sleeve in place. 
The outer and inner slecves are split and ground 
true as in the previous example; the rollers are 
kopt in a retaining age. A bronze thrust block 
is fitted in the end cover of the box, and also 
an oiling ring to ensure the lubrication of the 
thrust block. The external arrangement of the 
box is normal; there is the usual dust-guard at 
the inner end and the wual formation of spring 


seat. on the top, The box has groover for double 
horn plates as shown. This bearing after being 
in use for a twelvemonth is still in perfect 
conditign. ‘Phis class 
of bearing is widely 
used in a lighter form 
for small cars and 
mine trucks, and very 
frequently in such 
ceases the wheels are 
loose on the axles and 
contain the — roller 
bearing in their 
bosses. 

Swivel Bear= 
ing. (ireat saving 
in power is effected 
when roller bearings ave applicd to line shafting. 
Fig. 150 illustrates the construction of one 
fitted to such a bearmg as is shown in 61 
on page 3265. The construction is generally as 
the preceding examples, but the inner sleeve 
is omitted. Small metal wipers are fitted at 
each end to prevent oil from creeping along 
the shaft, and so getting outside of the bearing. 
Such a bearing is suitable for high speed 
shafting. The scope of the Hyatt flexible 
roller iss much wider than the examples we 


give. In motor-car work alone it is used) very 
extensively, 
Sketches. Frechand sketches are made for 


sunple details in order to avoid the time and 
labour of making scale drawings. The sketch 
should show proportionately the different. sizes 
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151. DETAIL SKETCH : 


of the article depicted, but it need not be made 
to seale. Fig. 151 shows a sketch made for a 
repair job. Considerable art and practice is 
required to make an intelligent sketch of this 
nature. It is necessary to give all the informa- 
tion required for the complete manufacture of 
the article. Many cases of repair are most urgent, 
and no time can be spared for a second visit 
to the scene of the breakdown if al] particulars 
be not taken at first. In the case illustrated 
[154] the “ Onward” arrives in herbour with 





DRAWING 


her port*paddle wheel damaged, and it is highly 
important that she should leave with the next 
tide, Sketches aceordingly made from 


are 





150. SWIVEL ROLLER 


measurement of the broken parts. and new ones 
are) manufactured therefrom in’ the shortest 
possible time. Insufficient or inaccurate in- 
formation on the sketch iy a most serious matter, 

Duplicating SKetches. Sketches are 
also made to supplement working drawings when 
the latter are to be used a second time in the shops 
but are not strietly correet in some detail For 
example, a second machine may be required 
to be made from a certain set of drawings, and 
improvements or modifications are desirable ; 
such alterations may not warrant the making 
of a fresh set of drawings yet the workmen must 
have definite information to work to, and a record 
must be kept of both machines, A convenient 
procedure is to make sketches of the modifica- 
tions required, and to attach such sketches 
to the drawing. The office record is obtained 
by the simple process of making the sketch 
with ordinary copying ink, and press copying into 
w book just as one would copy a letter, The 
reference on the bottom right-hand corner of 151 
indicates that the sketeh is copied on page 325 
of sketch-book No. 3. 

Value of Sectional Paper. Sectional 
paper, or squared paper, as it is sometimes termed, 
Inof yreat assistance in making sketches to seale ; 
it can be obtained in various qualities and rulings. 
A number of vertical and horizontal intersecting 
lines are printed faintly upon the paper, the 
effect of which is to cover it with a quantity of 
small squares drawn to some definite scale. 
By the ure of this paper fairly claborate sketches 
may be made to seale without the use of instra- 
ments. Such paper is useful in many ways, 
one of which is the plotting of lines and curves 
to show the fluctuation of factors or values ; the 
results of experiments, and tests may be seen ata 
glance when properly Jaid down on squared paper 
in the same manner as we see the variations of a 
recording barometer. 

Another use for sectional paper is the con- 
struction of calculating charts ; these are used to 
facilitate caleulations by eliminating tedious 
arithmetic. and they are quite as useful to the 
draughtsman as is an ordinary slide rule. The 
strength of gear wheels, belts, columns, ete. 
ean be plotted on a chart in such a way that 
any two factors being given, the third may be 
read directly from the chart without calculation. 


Continued 
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TRIANGLES 


Classification of Triangles with respect to their Sides and tv 


Equality of Two Triangles. Isosceles Triangles 





By HERBERT J. ALLPORT, M.A. 


Proposition 2. Theorem 


If two adjacent anyles be supplementary, the 
A exterior arms of the 
angles are in the 

same straight line. 

Let the adjacent 
angles COA, DOA, 
be supplementary. 

It in required to 
: e e prove that CO and 
DO are in the same straight line. 

Proof. Tt CO and OD are not in the same 
straight line, produce CO beyond O to any 
point P. Thon 

.8 COA, AOP aro supplementary (Prop. 1). 
But 

8 COA, AOD are supplementary (Hyp.). 

.. -AOP - — AOD. 

., the line OP must fall along the line OD. 

But OP is in the same straight line with CO. 

“, OD must alo be in the same straight 
line with CO. 


Proposition 3. Theorem 
If two straight lines intersect, the vertically 


opposite angles are A 
equal. ae 
Let AB, CD inter- 


~O Oo 


sect at O. 
It is required to ae 
prove that & 
(i) ~DOA= ZCCOR. 
(ii.) LCOA = ~ DOB. 
Proof. 


£8 DOA, COA are supplementary (Prop. 1). 
28 COB, COA are supplementary (Prop. 1). 
., £8 DOA and COB are cqual. 
Tn a similar way it can be shown that —s COA, 
DOB aro equal. 


TRIANGLES 


1. Rectilineal figures are figures which me 
hounded by straight lines. 

A triangle is bounded by three straight lines ; 
xn quadrilateral by four; and a polygon by more 
than four. ‘ 

A icctilineal figure is 

equiluteral when it has all its sides equal, 

equiangular when it has all its angles equal, 

requiar when it has all its sides equal and 
also all its angles equal. 

2. A triangle is 

equilateral when all three sides are equal, 

isosceles when two sides are equal, 

scalene when all the sides are unequal, 

right-angled when one of its angles is a 
right angle, 
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vliuse-angled when one of its angles is 
obtuse, 
acute-cangled when all its angles aro acute. 

Nore 1. Any angular point of #@ trianglo 
may be looked upon as the vertex of the triangle. 
The side opposite to this angle is then called the 
base. Tn the case of an isosceles triangle the 
intersoction of the equal sides is generally 
taken as the vertea. 

Note 2. Inaright-angled triangle the side 
opposite to the right angle is called the Aipo- 
fenuse. 

Nore 3. The three sides and three angles of 
a triangle form the six parts of the triangle. 

Two triangles are said to be equal in all 
respects, or congruent, when the six parts of the 
one are equal respectively to the six parts of 
the other, 


Proposition 4. Theorem 


If toro triangles have tivo sides of the one equal, 
respectively, lo two sides of the other, and hare 
also the angles 

A D contained by 

these sides equal 

to one another, 


then the tri- 
anyles are equal 
c UF F incall respects, 
Let ABC and DEF be two triangles in which 
AB-— DE 
AU = DF 


LBAC= EDF. 

It is required to prove that the A ABC 
= ADKEF in all respects. 

Proof. Place the AABC on the ADEF s0 
that the point A falls on the point D, and the 
line AB falls along the line DE. Then, since 
AB= DH, the point B must fall on the point E. 

Also, since the 4 BAC = 2 EDF, the directions 
of their other arms must coincide ; so that AC 
falls along DF. And, because AC= DF, the 
point C must fall on the point F. 

Hence, we have shown that the A ABC can 
be placed on the ADEF so that the three 
angular points of the one coincide with tho 
corresponding angular points of the other. 
.. the A ABC=the A DEF im all respects, i.e, 

BC = EF 
LABC= 2 DEF 
LACB= .DFE 
As are equal in area. 


Proposition 5. Theorem 


The angles at the base of an isosceles triangle 
are equal. 

Let ABC be an isosceles A, in which AB 
= AU, 


A It is required to prove 
that 
-ABC= ACB. 
Proof. Suppose AV) is the 
straight line which bisects 
the — BAC, and meets the 
base at D. 


8 7) c 
Then, in the As BAD, 
CAD, 

& F BA =" ( A 


AD is common to both As, 
included — BAD = included 2 CAD. 

Therefore, ABAD = A CAD in all respects 
[| Prop. 4]. 

Therefore, . ABC = — ACB. 

Corollary 1. Uf the equal sides of can isosceles 
triangle are produced, the exterior angles so 
formed are equal, 

In the figure, 2CBE = 2 BCE. 

For they are respectively the supplements of 
{he equal os ABC, ACB, 

Corollary 2.0 Tf a triangle is equilateral it is 
also equiangular. 


Proposition 6. Theorem 

Lf tira angles of a triangle cae equal, the sales 

Which ave opposite to these angles are equal, 
A Let ABC be a A, in which 
ABC. CACB. 
D It is required to prove that 
AU = AB. 

Proof. UE AB is nol equal to 
AC, one of them must be the 
a C vreater. Suppose ABD AC, and 

fron BA cut off BD equal to 
AC, Join CD. 
Then, inthe As ACB, DBC 
AU_ DB 
BC is common to both As 
included O ACB included ~ DBC, 

J. A AOB = A DBC in all respects (Prop. 4). 

Henee the As are equal in area, so that the 
part is equal to the whole ; which is possible. 

|, AB and AC cannot be unequal, so that 
AB=- AC. 

Notre. The above method of proof, which 
consists in showmg that Uhe proposition eal 
be untrue, is called Redurtio ad Absurdim, 

Corollary. Uf a triangle ts equiangudar if ts 
also equilateral, 

Proposition 7. Theorem 

If the three sides of one trianyle are respectively 
equal to the thice sides of another triangle, the 

triangles are 

equal in all 
respects, 

Let ABC, 

DEF be two 

fe As. in which 


2 eo | AB= DE 
| AU = DF 
\\| BU = EF. 

6 It isrequired 


to prove that the As are equal in al} respects. 


MATHEMATICS 


Proof. Place the A ABC +o that the point 
B falls on the point B, and the side BC falls 
oe KF. Then, sinee BC EEF, C must fall 
ono r, 

Let the A ABC fall on the side of KF away 
from the point D, GEE being the new position 
of ABC. Join DG. 

Then. since DeE- GK, 

J, H-KGQD - LEDG [Prop 5); 
and sinee DF GF, 
Je FGD LD EFDG [ Prop, 5). 

J Whole 2 EDF whole 2 NGE, (e., 2 BAC, 

ltenee, in As ABC, DEF 

AB - DE 
AC = DF 
included £ BAC) included © HDF. 
.. AABC A DEF in all respects [| Prop. 4]. 
Proposition 8. Problem 
To biseel a given angle, 


A Let ABC be the 


y Fe angle to be bisected. 
Construction, With 
centre B, and any 
radius, describe an are 
B Ee ¢ of a @) cutting AB, 


Bel at Dand EK. With centres D and Ky and 
any dadius which is seen (o be greater than halt 
the are DK, describe two ares cutting at FL doin 
BF. Then the ~ ABC is bisected hy BF. 

Proof. Join DEF, KE, 

In the As DFB, EEFB, 

DF - EF. since they are radii of equal @s. 

FB is common to both As. 

BD BE, being radii of the same @). 

J. the As are equal in all respects (Prog. 7); 
no (hat ~DBE LEB, 
~ ABC is bisected. 


il, 


Proposition 9. Problem 
To biseet a queen straight line, 
c Let AB he the line to be 
hinected. 
Construction. With centre A 
aad any radius which is seen to 
he greater than half the given 


A B line, describe an are. With 
\ centre B and the same radius 

x describe anare cutting the first 

we at the points C, D. Join 

CD, cutting AB at O. hen 


o AB is bisected at O. 
Pioot, doin AC, AD, BC, Bi). 
Inthe As ACD, BCD, 
AC = BC, being radii of equal @)s. 
CD is common to both As. 


AD BD, being radii of equal @s. 
ACD = BCD (Prop. 7). 
Then, in the As, ACO, BCO 
AC BU, 
CO is common, 
i ACO= BCO. 


“, AO = BO (Prop. 4). 


Continued 
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WATER STORAGE & SERVICE 


Earthen Dams and their Construction. 
Calculation of Stresses. Service Pipes and Joints 
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WALD BEPPEY 
contliued fiom pago 4100 


By Professor HENRY ROBINSON 


Earthen Dams. VJhe most common 
form of dam is that composed of earth, with a 
ventral puddle wall, as shown in 19 and 20. 
This central puddle wall is supported on each 
side by banks of specially selected material of 
as Clayey a nature as possible, the full width of 
the bank being made up with whatever other 
material is obtainable. The width of the bank 
at the top depends on the height, and also on 
the weight of the material of which the dam is 
constructed, but does not. as a rule. eaceed 
15 it. or 16 ft.. unless a road is required along the 
top of the bank, in which case the width must 
be regulated by the requirements of the road. 

Puddle Walls. The central puddle wall 
is the most important part of the work, as 
on its soundness the water-tightness of the 
reservoir depends. — Even a small leak may 
rapidly become enlarged by the constant stream 
of water passing through it, and may eventually 
he so enlarged as to cause complete failure. 
The thickness of the puddle wall depends on 
the nature of the clay employed, the minimum 
thickness being about 5 ft. or 6 ft. at the 
top, and at the surface of the ground being 
about one-fifth of the depth of water to be 
retained. The Jongitudinal section [20] shows 
the inethod of stepping, or benching, the founda- 
tion level of the puddle wall. After the position 
of the dam has heen decided, it ix necessary to 
sink trial holes along the line of the puddle wall, 
to ascertain the nature of the strata. Jf it is 
rock, all fishures must be carefully stopped with 
good concrete or masonry, and all springs should 
be led by pipes to the toe of the down stream 
bank, as if they are not diverted from the bank 
they will break out at other places and cause 
trouble. The depth to which the trench should 
be carried depends on the nature of the stratum, 
which must be sound and impervious. The 
trench in sometimes made with vertical sides, 
and sometimes with battered sides, as shown by 
dotted lines in 19, it being considered that any 
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20. EARTHEN DAM (LONGITUDINAL SECTION) 


settlement of the wall tends tu consolidate the 
puddle more effectually than when the sides are 
vertical. ‘The clay used for the puddle must be 
carefully preparéd and well ground in a pug mill, 
being conveyed quickly and deposited in positiou 
in layers, which should not exceed 6 in. in thick- 





ness, cach layer being well rammed and trodden 
down, care being taken to clean thoroughly 
and rough up the surface of the puddle in the 
trench before adding the neat layer. It is 
necessary to cover the puddle after the day's 
work, and to water the surface the neat day, in 
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19. EARTHEN DAM (CROSS SECTION) 


very dry weather, in order to prevent: craching. 

As the puddle wall is carried up, the support- 
ing banks are brought up with it. The bank, 
should be made in ayers of between 6 im. and 
9 in. thick, being well rolled. and. m very hot 
weather, watered, Steam-rollers ¢ an be of great 
assistance in consolidating the bank. The slope 
of the bank of selected material varies, but. is 
generally about ] to J. The slope of the inner 
bank is as a cule from 24 or 3 to 1, and ip paved 
with stone pitching. or concrete slabs, in order 
to resist the action of waves. The outer slope 
is generally about 2 to 1, and is turfed or rown 
with grasp. 


Height of Dam. The height of the top 
of the dam above the Jughest water-level 
depends on the waves, which seldom exceed 
4 ft. Tne height of the waves depends on 
the “fetch,” or length of water surface ex- 
posed to wind from: any particular direction. 


A formula known as Stevensoms wave formula 
may be useful: 
= / tal 
H SND (25—\D) 
where H height of wave in feet; D fetch 


in mules. 


Composite Dams. Dains constructed 
partly of cath and partly of conerete or 
masonry have been employed in this country, 

but more frequently in America. The liability 
of uneven settlement. and consequently — of 
cracking in the conerete, is the chief objection 
10 them. One form of composite dam is that 
where a concrete, or rubble, wall takes the place 
of the central puddle wall. 


Outlets. The outlet trom a large reservoir 
has to be placed near the bottom, to enable the 
water to be drawn off in times of drought, or 
when it is necessary to carry out repairs. As 
a rule several outlets with valves are provided, 
so that the water may be drawn off at different 
levols and the quantity regulated. The number 
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of outlets depends on the depth of the reservoir. 
The outlets are operated in such a manner as 
always to draw the water from about 3 ft. 
below the surface, thus obtaining it clear and 
free from floating debris. The lowest outlet is 
used only in cases of drought or for repairs, as 
the water is sure to contain a certain amount 
of sediment. An arrangement of outlets is shown 
im 18 which is taken from the contract drawing 
of works carried out by the writer. There are 
three outlets, each being provided with a sluice 
valve contained in an iron valve tower standing 
mside the reservoir at the toe of the bank. 
The tower is built on solid foundations, and is 
connected to a concrete and brick culvert which 
carries the outlet main through the dam. Some- 
times these towers are constructed of concrete 
or masonry, and if properly arranged cannot 
by any possibility causc damage to the em- 
bank- F 
ment 
by leak- 
age or 
sottle- 
ment. 
Th o “= 
outlet ; 
valves 

are oporated from the 
platform at the top of the 
tower by spindles with hand- 
wheels The outlet pipes pro- 
ject from the side of the tower 
into the reservoir, and are ae 
vided with flap valves which are 
held open by chains, being closed 
only when it is necessary to repair the 
sluice valves. The bottom outlet in 
this case passes through the concrete 
foundation of the tower, and is provided 
with a “ dise ’’ cast on the barrel of the pipe to 
form a barrier to wator leaking along the 
outside of the pipe. Dises of this nature 
are uscd when pipes are passed through 
dams without culverts, as is the case 
with shallow reservoirs of about 20 ft. 
and less. The outlet pipes of deep 
reservoirs should be laid m culverts, as shown 
in 18, of such dimensions that a man can inspect 
the pipes periodically. The joints of pipes that 
are laid in culverts can be either spigot and 
rocket. or flanged; but when laid through a 
bank for shallow reservoirs they must be 
flanged and jointed, of extra thickness, and 
provided with fish webs, so that they form, 
when bolted up, a continuous girder. 

Syphon Outlets. Syphon outlets aro 
employed to draw water from small reservoirs. 
The syphon-pipe, with air and charging valves 
on the summit, is carried over the dam to 
&® point lower than the bottom of the reser- 
voir. The depth to which this point must 
be carried depends on the friction to be 
overcome in the pipe to enable the required 
quantity of water to be discharged. Fig. 21 
shows a form of outlet known as a floating 
outlet or floating arm, often used in storage 
reservoirs or water tanks. By arranging the 
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21. FLOATING OUTLET 


floats, F, the water can be drawn off at 
any required level below the surface, thus 
preventing floating debris entering the main. 
The arm, O, is supported by the floats, F, and is 
pivoted at the point P. When the vilve, N, 
is opened, the water is drawn off at the point A, 
the floats falling with the water. 

Service Reservoirs. Servico reservoirs 
are required in or near a town to maintain 
the service m case the mains from the source of 
supply, either storage reservoir or pumping 
station, reveal any defect, and have to be re- 
paired, or when a fire has to be extinguished. 

If the town is dependent on one main, 
the capacity of the service reservoir 
should be sufficient to ensure two or three 
days’ supply at the rate of the maximum 
demand Large citics should never be 
dependent on a single main. Service 
reservoirs arc generally covered to 
prevent the posnibility of pollution 
by dust in the air, especially if 
they be placed in or near centres 
of population, by birds, leaves, ete. The 
temperature of the water is kept uniform 
m a covered reservoir, and the growth of 
vegetation is prevented. About 14 ft 
ib the usual depth of water in them 
They can be constructed of concrete or 
brickwork, rendered with cement inside, 
or puddled with clay outride, to make 
thom watertight. Bituminous sheeting 
is sometimes used a a lining where the 
head. of water 1s considerable or when the 
reservoir has to be built in very bad 
B ground, The covering may conrist of 
light brick or concrete arches 
supported on piers. On the top of 
the arch«s a foot or two of earth 
is laid Inlet, outlet, and washout 
valves are placed in suitable pont- 
tions Thetwo first-named should 
be as far apart as possible, 50 as 
to produce circulation. An over- 
flow is provided, and also small 
ventilators to effect movemont and 
replacement of the air. The cost 
of an ordinary service reservoir may be taken 
at about £5 to £6 per thousand gallons. 

Standepipes. In place of a service reser- 
voir to afford the supply to cisterns at a high 
level the water is often pumped through a 
stand-ype, which consists of two vertical 
pipes connected by a bend at the top, to that 
a continuous flow of water passes from the 
pumps through the upcast pipe, over the top, 
and to the supply pipes on the other side 
through the downcast. The height of the stand- 
pipe is governed by the level ‘of the building: 
the tops of which have to be reached. 

The idea of giving to the cross section of 
masonry dams a shape of uniform stability and 
strength is of French origin. A dam has two 
faces, namely the inner and the outer, the inner 
face being frequently called the back of the dam. 

Calculating Profiles. Sir Guilford L. 
Molesworth has given formuls for the calcula- 
tion of a profile [22] which were published in 
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the “Proceedings of the Institution of Civil 


Engineers.” They are as follow: 
Tet it (00% 
oe are =| Vv Je 


Width of top of dam — 0-4 y, at }H 
Where H- total height of dam in fect, 

\ = limit of — pressure allowed = on 
the masonry in tons per square 
foot, 

z =depth below the surface ,of the 
water in feet, 

y offset in feet to the outer face 
of the dam from a vertical 
line — 0°6x as a minimum, 

= Offset to the inner face. 

Hfe stated that there was almost an cxact 
agreement between his tormula and that of M. 
Bouvier when the limit) of pressure allowed 
was aspumed at 54,74, 9 and 11 tons respectively, 
and he gave the illustration in 28 to show how 
closely the formule were in agreement when treat- 
ing profiles with the above limit» of pressure. 

The Molesworth formula is simple, and enables 
the shape of the cross section to be calculated 
easily, after which it must be treated graphically 
to determine the position of lines of resistance. 

The conditions of stability for masonry dams 
are practically two—numely : 

} That the resultant cf all 
horizontal section must tall within the 
third” of that section. 
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23. COMPARISON BETWEEN MOLESWORTH S FORMULA 


AND BOUVIER’S METHOD 
Molesworth’s profile shown thus... eve ae we 
Bouvier's » Masonry 135 Ih. per cube foot... 
Do. . 
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2. The stresses in the faces of the dam must 
not exceed the safe limit. 

The first of these conditions is intended to 

prevent any tension taking place in the masonry. 

It must he 

borne in mind, 

















SS ee _ 


=| however, — that 
mternal forces 
=a are set up in 
large masonry 


structures— 
such, for in- 
stanee, as the 
differonce — of 
1 em perature— 
that produce 
strespes which 
UO NO WAY 
due to any 
erxtornal 
forees which 
thedam has to resist. It must also be remembered 
that in all theoretical calculations it is assumed 
that the dam in a perfectly elastic body, which 
ib not trucin practice. Such being the case, ample 
margin must be allowed to ensure safety, and the 
stresses that have been allowed on eating 
structures of a similar kind should be studied 
as the application of aformula must be governed 
by the results of practical experience, 

Dam Foundations. The first conmidera- 
tion is, of course, the foundation upon which 
the dam to be built. It 1s not advisable 
to build high dams on earth 
foundations, on account of the 
mass of material that would be 
necessary m order to distribute 
over a sufficient surtace the 
weight for the earth to support. 
The best foundations are hard, 
sound rocks, as these prevent 
unequal settlement, owing to 
the varying weight of the wall 
The materml of the dam mupt, 
to a great eatent, be governed 
by the nature of the foundation. 
After the head of water) behind 
the dam exceeds 100 ft., it 1s 
genorally thought best to con- 
struct it of masonry. It 
necessary to avoid continuous 
courses in the masonry. and 
great vigilance is necessury in 
order that no empty spaces may 
he left between the b'ockp. 

The resistance to crushing 
of the materials forming a dam 
ix one of the chief pointr to be 
considered. The stresses which 
are set up by the external 
forces must not exceed the 
Ab a general rule, 
this compressive stress should 
not execed 150 lb. per square 
inch, although in cases more 
has been allowed. M. Bouvier 
a has stated that, with rubble 
maxonrv and good hydraulic 
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mortar, the compressive stress may be 140 lb. 
per square inch at the completion of the works, 
and 200 Ib. later on. 

The sides of the dam must be built in, and tied 
to the impervious strata on the sides of the 
valley across which the dam is made. 


Preasure. A profile having been adopted, it 
becomes necessary to test it to see if there is suffi- 
cient masonry to resist the external forces that 
will act on it, both when the reservoir is full and 
when it is empty. The curves of pressure 

in both cases should 
fall within the middle 


third of the thicknes» 
J ft | of the wall. Water 





24. COVENTRY’S DIAGRAM 


pressure acts normal to the surface of the wall, 
and therefore, in the case of a curved wall, the pres- 
sure is not horizontal, but is inclined downwards. 
Professor Rankine, in his section for high dams, 
takes the horizontal pressure, and neglects the 
vertical component as being on the safe side. 

The action of the water tends to overturn 
the wall on its outer toe. Before this could 
happen, however, the toe would crush, but if the 
resultant is within the “‘ middle third,’ the 
wall is quite secure from overturning. 

In order to test the profile, it is necessary to 
divide it up into segments, and to test each 
segment for stability. By this means the curves 
of pressure for reservoir “full” and “empty ”’ 
can be drawn, and they must always be within 
the “ middle third ” of the section. 

In a paper published in the “ Proceedings of the 
Institution of Civil Engineers,” Vol. LXXXV., 
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BRANCH PIPE 


25. HYDRAULIC GRADIENT 
Mr Coventry gives a formula for calculating 
the section of a profile, and also a graphical 
method for testing the stability after the profile 
is drawn. To determine the stresses in the two 


faces, the following formule were given by him : 
Taking any horizontal section a 6 for reservoir 


empty, 
_W(, + bu 
eee (2 ~ 7 } 
The phis sign gives the stress at the edge nearest 
W, and the minus sign gives the stress at the 
opposite edge. ; 
W = weight of the dam above the layer a b, 
l =the length of a b, 
R - the resultant of the water pressure and the 
weight of the dam, 
a = distance of W from the centre of gravity of 
the section a b, 
’ = distance of R from the contre of gravity 
of the section a b, 
z= nee the resultant makes with a vertical 
ine, 

For the full reservoir : 

= soon (y + we. 

A useful method for finding these curves is 
that given by Mr. Coventry, as follows [24]: 

The profile must first be divided up into any 
convenient number of segments as shown by 
1-1, 2-2, ote., and their 
centres of gravity 
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26. VENTURI METER 


founé as shown at g,, g,, etc. Next con- 
struct a force polygon by setting off on a 
vertical line to scale, the distances ow,, W,W, 
etc., equal to the weights of the corresponding 
sections 1-1], 2-2, etc. On a horizontal line 
set off to the same scale distances Oh,, Oh,, etc., 
equal to the water thrusts due to the depths 
for the various sections. Through the points 
thus found, draw perpendiculars as h, ¢,, and 
from the point where the water thrust first 
becomes normal to the batter draw a line 
rpendicular to it, and cutting the perpendicular 
nes at f,, ¢,, etc. Take any point P and draw 
the lines Pw,, Pw,, etc., and also join w,t,, wy, 
The position of the water thrusts are shown 
in the figure at s,, 8,, otc.. and 8, is two-thirds of 
Cl, and s, is two-thirds of C2, and so on. The 
magnitude and direction of these forces is equal 
to w,t,, wt,, ete. 

To find th. curve of pressure for the empty 
reservoir, from the centres of 
gravity g,, g., etc., draw the lines 
a,b,, a,b,, etc. In the vertical 
line a, take any point b, and 
through it draw b,6, parallel to 
PO, and produce it 
indefinitely. Thon 
draw 6,5, parallel to 
Pw,, and bb, parallel to 
Pw,, and 80 on, the last 
line being parallel to 
the last radial line on 
the force polygon. Pro- 
duce the lines 5,6,, 
etc., till they cut the 
line 6)6, produced at 
C,, Cz, ote., and through 
the points drop per- 
pendicular lines to the 
corresponding sections 
of the profile. Thus w, 
is equal to the weights 
of the first two sec- 
tions, and acts through 
The lines joining 
these points will equal 
the curve of pressure 
for reservoir empty. To find the curve of pressure 
for reservoir full, produce the points T,, T,, otc., 
till they cut the lines w,, w., etc. ‘Through these 
points draw the resultant forces parallel to w,¢,, 
and w,t,, etc. Thus, R, is parallel to w,t,, and cuts 
the base of the first section. The lines joining 
these points will give the curve of ,pressure for 
reservoir full. From the above it will be seen 
whether these ourves of pressure fall within the 
middle third of the sections, as they should do. 
The stresses in the faces of the dam can now be 
calculated by the formula previously given, as 
the positions of R and w are now fixed. 

Distribution. The sizes of the distributing 
mains must be large enough to supply the maxi- 
mum requirements of the community. The sizes 
of the small branch distributing mains should be 
2 in,, or 3 in. in diameter. Hydrants for street 
watering, fire extinction, etc., should be placed 
at suitable points, and it is desirable to adopt 
a standard gauge for connecting to them. 
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27, IMPERIAL POSITIVE WATER-METER 
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Tn calculating the size of a pipe, the “ hydrau- 
lic gradient ” should be reckoned from the outlet 
of the reservoir supplying the water to a point 
about 80 ft. above ihe highest part of the town, 
to ensure the delivery of water for fire extinction 
as well as for ordinary supply to the tops of 
houses that are, or that may be, built there. 

All mains and service pipes should be laid at 
a sufficient depth in the ground to protect them 
from the effect of the severest continuous frost. 
About 2 ft. 6 in. or 3 ft. from the surface to the sr 
of the pipe is the least depth, and the pipes shoul 
be tested before being covered. The disregard 
of this requirement as regards depth has resulted 
in a few notable failures of the water supply of 
a district. A very sharp frost for a limited time 
would not affect tho water in the pipes, but a 
severe frost, lasting for days, does tho mischief. 

Detection of Waste. Waste-water meters 
are employed to detect waste, and great savings 
have resulted. The meter consists 
of an instrument placed upon a 
system of water-pipes serving & 
particular district, and recording 
automatically and graphically the 
rato of flow of the water in 
the pipe. If at a time of 
night there should be prac- 
tically no flow, a diagram 
records the rate of flow, 
whereby it can be ascer- 
tained whether waste is 
ocourring 

A night examination 
of service pipes by ap- 
plying » stethoscope to 
them enables any flow 
of water to be detected, 
whon practically there 
ought to benone. The 
waste is generally 
caused by defective 
fittings, taps left run- 
ning all night, etc. 

Service Pipes. 
The usual method of 
distributing water is b 

cast-iron pipes coated with Angus Smith's 
bituminous preparation. Pipes more than 3 in. in 
diameter are generally cast in 9-ft. lengths. Very 
large pipes are sometimes made in 12-ft. lengths, 


-but small pipes 2 in. or 24 in. in diameter are 


generally made 6 ft. long, because a greater 
Jength involves risk of breakage in hand- 
ling and difficulty in keeping the slender core 
truly central when casting. The lengths are 
alwayé reckoned from centre to centre of the 
joints when laid, but the sockets extend 3 in. 
or 4 in. beyond. The usual form of joint is 
the spigot and socket caulked with lead. Some 
hemp or tarred gaskin is rammed into the socket 
round the spigot end of the adjoining pipe, and 
molten lead is poured in through a gop in a cla 
mould, and when set it is rammed home wit 
caulking chisels. 

To remove excrescences which form on the 
inside of pipes, special scraping tools are em- 
ployed. ese are carried on a pair of disos, 
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or loose pistons, attached to flexible arms. The stand. If there is a flow from A to B then the 
water is run out of the pipes, and the scraping level at D will fall below that at C and the line 
Baa pia is put into a section of pipe, which is CE is what is termed the hydraulic gradient. 
closed up, and water is let in at the back of the If the velocity is small, A is practically én pro- 
scraper, driving it forward the length of the portion to the mean velocity », At high 
flexible arm. When this section has been velocities & varies in proportion from v'* to pv’, 
scraped the tool is removed and another section according to the smoothness or roughness of 
is attacked. Wash-out valves are placed at the pipe. The smoother the surface is the lower 
low-lying points so that the the index of v will be. The 
scraped stuff may be flushed out. force which moves the water 
At summits of water mains sealed —@ Y being h, and the amount moved 
an sir valve is placed to pre- w depending both on the size of 
vent the formation of an air the pipe, the area of which is 
rags ene rats consists et A, and on the length of the pipe 
a@ brass plug, having a sma . £3 
sa, hole in: it. with. an ebonite t, it follows that " is the cose- 
11 24 in. in diameter under- 
neath, held loosely in 
sition by a cradle. 
en the pipe is full 
of water under pressure 
the ball floats up against 
the pin hole and the 
ressure of water makes ee 
It a tight valve. If air oy 
collects, the ball settles Bat 7 
down on its cradle and & 
lets the ‘air out, but *% 
rises ae ular a the discharge through 
water. <A second valve pipes to be calculated : 
hi guns rae ise — | oe p:t« T ~50 
as a larger hole e : : —= =X —— 
out the air rapidly when 28. SECTION OF IMPERIAL POSITIVE WATER-METER Q PJs (Q + “$50 ) 
the pipe is being filled after having been emptied Where Q= the discharge in cubic fect per 














cant of the angle of in- 
clination of the ‘“‘hy- 
f draulic gradient,” and 
Seated MF... . aS is what is called the 
hydraulic radius, A being 
the sectional area of the 
inside of the pipe, and P 
the wetted perimeter or 
internal circumference 
of the pipe. The follow- 
ing formula will enable 













for washing out or repairs, As these valves second, 

are liable to get out of order, summits should be D = diameter of the pipe in feet, 

avoided, especially in pumping mains. P = a coefficient of roughness, 
House Services. Service pipes to houses T= temperature of the water in 

are generally of lead attached to a gan-metal degrees Fahrenheit, 

ferrule screwed into the main. If the water is S=the cosecant of the angle of 

soft, care must be taken not to use the water inclination of the hydraulic 

ior dietetic purposes until it has had radient --¢nsth 

time to flow through and act on the g ~ head - 


The following formula will enable the 
velocity in iron pipes to be calculated: 
RY x (14220) 
V=GuJg K 
Where V = mean velocity in 
feet per second, 
R= hydraulic radius 
in feet, 
S = the cosecant of 
the angle of in- 


lead, thereby producing a permanent 
oxidation of the surface and remov- 
ing the danger. 

e have so far referred only 
to cast-iron mains. Mild steel 
is employed for large mains, and 
where the pipes have to be con- 
veyed long distances their « 
greater lightness has an 
advantage. They re- 









quire to be carefully ,,, 9 FS i ? 4 : aS tein . se 
handled, and if properly yaar Ta ~ e Bat clination of the 
-coated and protected “i a 7 si srbaiors gradient 
they have lasted as Jong ——— = re 
as cast iron. 29. IMPERIAL POSITIVE WATER-METER : 
Hydraulic Grad- Transverse section C=a coefficient repre- 
ient. In calculating the senting the rough- 


sizes of water mains to deliver a required amount ness of the surface of the pipe. __ 

of water, consideration has to be given to the fric. T= temperature of the water in degrees 
tion that has to be overcome by the movement of Fahrenheit. 

the water through the pipe. . 25 explains this. The nature of the surface has & large inflcence 
h represents the loss of head due to friction upon / independent of its effect upon the 
caused by the flow of water under . If index of v. The temperature also has an 
the water in the pipe were at rest, the horizontal influence on the discharge. | 

line CD would be the level st which it wonlt § The values of “x,” “,” and C all depend on 


the roughness of the pipe, and from experiments 
have been found to be as follows: 


Factor to which co- 
efficient relates, 


Description of surfaces 


Hydraulic 
Radtus "x" 


y | Roughness 
au” &. 


Cast-iron pipes (new) 
medium velocity 
Cast-iron pipes (new) 


0:005347 


0:006752 
0:017115 


Wrought-iron pi es 
Riveted sheet oa ‘ 


This subject has been dealt with in great 
detail in the writer's book on “ Hydraulic 
Power and Hydraulic Machinery.” 

Measurement of Water. Thc 
measurement of large quantities of water 
either taken from a river or supplied to a 
town are best effected by meter. The 
Venturi meter is much used for this pur- 
pose. Fig. 26shows a Venturi 
meter from a drawing fur- 
nished by the maker. The 
operation of the meter is due 
to the fact that when fluid in 
any pipe passes from a state 
of rest to one of movement, 
or from one velocity of flow 
to a greater velocity, a certain 
amount of pressure against the 
shell of the pipe disappears, 
and the disappearance of pressure, or loss of 
head, is dependent entirely upon the velocities 
of flow past the points in the pipe at which 
pressure is taken. From the illustration it will 
be seen that the meter is in two parts—the 
tube and the recorder; there are no movable 
parts in contact with the flowing liquid. The 
tube forms part of the ordinary pipe 
line, differing only for a short distance 
where it is truncated or throttled, the 
amount of the throttle being dependent. 
on the maximum and minimum requiic- 
ments of the place where it is to be em- 4 
ployed. The pressure at the upstream — be«e 
end, and at the throat of the sal 
meter tube, are transmitted 
by the small pipes T and U 
to the recorder, where they 
are balanced by the displace- 
ment of two columns of 
mercury in the cylindrical 
tuhes, one within the other. 
The inner mercury column 
carries a float, JV, the position of which is an in- 
dication of the velocity of water flowing through 
thetube. The position assumed by an idler whecl, 
H, carried by the float, relative to an intermit- 
tently revolving integrating drum, I, determines 
the duration of contact of gears G and F connect - 
ing the drum and the counter, by which the flow 
for successive intervals is registered. The largest 
meter-tube that has yet been made is 9 ft. in 
diameter with a maximum capacity ot 
200,000,000 gallons in 24 hours. 

There are numerous meters for measuring 
small volumes of water, but we shall confine 
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ourselves to two. The Imperial Positive Water 
Meter is shown by 27, 28, and 29. The lower por- 
tion, A, contains three cylinders, B, and the vaive- 
seating, C, with its three ports and » D, 
communicating with the bottom of the cylinders. 
There is a discharge port and passage, E, and 
inlet and outlet connections F and G, also a 
strainer, H; I is the cover, with the rib K for 
holding down the strainer, An unequal spacing 
of the bolt-holes prevents the cover from being 
wrongly fixed to the lower portion. L is the 
valve with its three arms, in the ends of which 
are cup-shaped bushes, M, for receiving the 
spherically-shaped heads of the piston-rods N, 
and to these are secured the pistons, composed 
of upper and lower piston plates, O, nuts, and 
flexible piston caps, P. The wator enter- 
ing the meter, as shown by the arrows, 
passes up through the strainer into the 
upper portion of the casing, and presses 
equally downwards on all the three pis- 
tons, and also on the valves. 

According to the position of 
the valve, the lower end of 
each cylinder in succession is 
communicating with the outlet 
passage E, and its piston is 
therefore forced down by the 
superior pressure above, thus 
discharging the contents of the 
cylinder. At tho same time, 
one or both of the other cylin- 
ders is having its piston raised, whereby water is 
admitted through the passages, and the lower 
part is filled. Thus cach lower end of the three 
cylinders B is in due course filled and emptied, 
one or two pistons always supplying tho active 
force, 80 that there is no dead point, 

The length of the stroke is regulated by the 
flanged projection, Q, on the valve L 
coming into rolling contact with a simi- 
lar flange, R, on the valve-seating,C. A 
slight skew of the ports causes the pistons 
to endeavour to take a longer stroke 
than they should, the roller paths re- 
stricting this tendency. The teeth in 
the valve and the notches in 
the valve-seating prevent the 
valve from turning round on 
ity own axis. The valve-pin, S, 
engages the crank of the crank 
ppindle, T, which communicates 
motion to the clockwork in 
the usual manner. U is the 
bush in the cover, V_ the 
count r-plate supporting the lay-shaft with its 
worms and wheels. W is the dial-box protecting 
the clockwork, and Y is the counter. 

Figs. 30 and 31 show another good example 
called the Bee Water Meter. This depends on 
a disc action piston, a chamber of known 
capacity being successively filled and discharged. 
The movement of the passing water is directly 
and positively transmitted to an oscillating 
piston or disc, which, for each complete motion, 
or oscillation, shows that the exact contenta of 
the disc chamber, leas the bulk of the immersed 
portion of the piston or disc, have been received, 
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discharged, and counted, once. For example, let us 
take « disc chamber with a pose eed of 15 cubic in. 
The portion of the disc imm is 3 cubic in. Every 
complete motion of the disc will show that 12 cub. in. 
of water, or 15 minus 3, has been through the 
chamber. If we divide 1,728 cubic m. (1 cubic ft.) by 
12, we find 144 as the number of disc motions required 
to displace a cubic foot of water, or 6°25 gallons. 


Water-pipe Joints. The process of jointing 
water mains will next be described, and is illustrated 
in 82 to 47. Figs. 82 and 33 are forms of expansion joints 
on large steel water mains. Fig. 84 is a welded spigot 
and socket, riveted on to a steel main, the joint being 
completed by yarn and lead. Fig. 85 is a modification 
of the preceding joint. Figs. 836 and 87 are single and 
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double riveted butt and strap joints for steel mains. Figs. Sa as oe ie RIVETLESS STEEL PIPE 


88 and 29 illustrate methods of attaching flanges to 


large steel mains, the joint being completed by a rubber ring between the flanges, and 40 and 41 
show the ordinary forms of single riveted lap joint for steel mains ; 42 and 48 are types of double 
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collar joints. Fig. 44 is 
@® spigot and socket 
pipe joint, commonly 
used on small mains. 
Yarn is caulked up 
to the face of the 
socket, and molten 
lead is run into the 
remaining space in 
the socket, and well 
caulked with chisels 
made for the purpose. 
Fig. 45 illustrates a 
turned and _ bored 
joint for cast-iron 
pipes. Where the 
pressure in the main 
is small, the lead 1s 
sometimes omitted, 
and is not run in as 
shown by the _ illus- 
tration. Fig. 46 is a 
method of joining 
stamped steel flanges 
steel mains by 
riveted on to the bar- 
rel of the main, the 
joint being completed 
by a rubber ring; 47 
ig another form ot 
riveted joint used on 
steel mains. 

A rivetless steel 
pipe is shown in 48. 
The barrel of the pipe 
is formed by two semi- 
circular steel sheets 
jointed by a special 
metal section, hydrau- 
lically com 
into the edges of the 
sheets, so as to form 
a rigid and watertight 
joint. 

Water Supply 
concluded ; followed by 
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Cutting Fustian 


Cuutinued from 
page 411€ 


By W. S. MURPHY 


‘THE carpet manufacturer depends very uttle 

on the finishing department for the quality 
of his goods. If the carpet be of good quality 
and design, and well woven, the finish adds very 
little to its value. But it must be admitted that 
the carpet could not pass directly from the loom 
to the warehouse. Looped-pile and velvet-pile 
carpets are finished differently, the latter needing 
the more elaborate finishing. 

Viewing. Given an office exactly similar 
to the burler in the cloth factory, the carpet 
viewer has a rather difficult task. He must 
possess a good eye for colour, a knowledge of 
design, and a practical acquaintance with weav- 
ing. Loops or threads may slip, or threads 
become misplaced without the weaver'’s know- 
ledge, and as the heavy 
fabric is unrecled, before 
him, the viewer must 
spot any and every de- 
fect, for upon him at last 
rests the reputation of 
the factory. He marks 
what defects there may 
be, and sends the carpet 
on to the darners. 

Darning. The work 
of the darner 1s to re- 
pair the defects ot the 
carpet in such a way 
that expert scrutiny will 
not detect the mend. 
With such a bulky fabric 
to work upon, the task 
seems easy, at first sight ; 
but, in reality, imitation 
of the work of the loom with a needle and thread 
requires considerable skill. As the darning 18 
purely practical, however, we can do no moro 
than note the theory on which it is based. 

Cropping. Axminster, Patent Axminster, 
Wilton, and Velvet-pile Tapestry carpets have 
this in common, that they are cropped, or shorn. 
Up till twenty years ago most carpet manu- 
facturers would have nothing to do with the 
cropping machine, and at the present day much 
of the cropping is done by hand; but the 
machine has been introduced, and steadily makes 
its way. It is in the velvet-pile tapestry factory 
that the spiral roller cropping machine has been 
most largely used. This machine [199] is little 
more than a large model of the common cloth- 
cropping machine. The bed is set straight, so 
as to present a firm surface to the knife, and it 
crops the surface something in the same way as 
& lawn-mower crops the grass. The results 
certainly show well, though the objection of 
conservative manufacturers that it lessens the 
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wearing life of the carpet may have some 
truth in it. 

Brushing and Calendering. Carpets are 
heavy fabrics, and naturally gather a good deal 
of fluff and stray fibres within them while being 
woven. Romoval of these matters from a Brussels, 
a Wilton, or an Axminster is a somewhat arduous 
task; but it is done, and by tho simple ox- 
pediont of brushing rigorously. Brushing 
machines are variously constructed ; but in all 
we have the combination of fan and brush 
cylinder such an operation would obviously 
require. By the fans the dust and fluff are 
blown into an enclosed reccoptacle, while the 
brushes do their work upon the surface of the 
carpet as it winds round and round. Probably 
, the carpets never oxper- 

ience usage so rough as 

in this operation. It is 
amazing what amount of 
stuff we can take out of 

a single length of carpet. 

When _ sufticiently 
cloaned, the carpets are 
passed through the 
calender rollers. These 
are sets of broad rollers 
hung in a frame. the 
one above the other, so 
as to exercise a forcible 
yet regular pressure on 
the carpets passed be- 
tween them. 

Sewing and 


little of technical in- 
terest in this department, the work being done 
chiefly by sewing machines. Carpets woven in 
strips are carefully joined, and carpet squares 
are bound with appropriate braidings. It 
was said of a very clever but unsuccessful 
manager of a carpet factory that he lost in the 
ware-rooms what he made in the factory. This 
is a fact rather more common than is generall 
supposed. No detail of the industry is too small 
for the attention of the wise manager. 

After the carpets have been sewn and bound, 
they are again inspected. Any defects apparent 
are noted and repaired. Then the goods are 
delivered over to the packers. 

Finishing Cotton Fabrics. The number 
of different cotton fabrics which are finished 
in the factory is very large. Some plain 
calicoes are simply passed by the shortest 
route possible from the loom to the ware- 
house; cloths that sell at 13d. per yard 
would hardly pay for much finishing. ern, 
ot the same quality, are washed, starched, or 
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200. DAMPING MACHINE (W. Whiteley & Son, Lockwood) 


toaded, calendered, and folded. Fancy fabrics, 
such as zephyrs, spiders, checks, spots, and 
check stripes, each comprehending myriads of 
patterns, are mostly finished in the very simplest 
style. Fustians, velveteens and moleskins, on 
the other hand, are claborately finished both in 
the factory and elsewhere. Upon the cloths 
which are bleached, printed, or dyed, we shall 
not at present touch. 

When the cloth, be it plain or fancy, comes 
off the loom, it is passed into the hands of 
the viewer, or burler. Over a roller, hung on 
brackets fixed either in the ceiling of the 
room or high up on a wall facing the light, the 
cloth is drawn down by the viewer, who snips 
off knots and flying threads, and marks faults 
for repair. 

Darning. This work may be very delicate 
or it may be very simple. To mend a break in 
fancy cloths woven in figure is a different thing 
from putting a few threads of plain weft and 
‘warp In a common calico or twill. It is purely 
a matter of practice, however, and is learned in 
the factory. 

Starching. The composition used in starch- 
ing depends very much on the purpose intended 
and the fabric to which it is applied. If 
Joading be intended, a mixture of china clay, 
cereal starch, wax, and some fatty or soapy 
matters may be used. Care must be taken that 
the composition has within it preservative 
elements, and is able to withstand changes of 
temperature and damp, or clse mildew is certain 
to set in and ruin the cloth. Most export houses 
have special mixtures of their own. If only the 
stiffening of the cotton be aimed at, a fine wheaten 
starch is the best for light goods, and sago, rice, 
or farina may be used for heavy cloths. 

Method. The starching vat is simply one of 
the many dressing machines. From the cloth 
beam slang at the end of the machine the cloth 
is guided down into the starch trough, under 
a eloth-clad roller revolving in the aoe up 
between the clearing rollers, and over wide, 
steam-heated drying cylinders. 

Starching Fancy Cloths. In dressing 
faced cloths the starch can be ied only to 
‘the back. A simple device effacts very weil. 
Above tho roller in the starch vat another roller 
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which receives from thé roller 
ow @ coating of-liquid. This starch- 
ing roller runs in the direction sd rh 
to the course of the cloth through the 
machine, and thus presses a coating of 
starch on the under side of the fabric. 
Between the clearing rollers and the 
drying cylinders a number of open reels 
are placed to harden the starch and keep 
the drying cylinders clean. 

Damping. Dried cloths, whether 
starched or scoured, are stiff, and do 
not yield readily to the treatment of 
the calenders or presses. Most cloths 
are therefore subjected to damping. 
Two methods of damping are practised ; 


V toh ™ 

ritghy ci. or, rather, we should say that two 
kinds of machines are used. On both 
machines the cloths are run across 


a space from one beam to another; but it is 
in the damping apparatus which operates in. 
the intervening space that the differences occur. 
The older damping machine is « small water 
tank, with a lid in which a long slit is cut. 


Within the tank a long-haired brush revolves, 





sending through the opening in the lid a con- 
tinuous spray of water on to the passing cloth. 
The other damper [200] is a spray injector, from 
the nozzle of which the water is finely distri- 
buted. By a4 curious turn in mechanical] spied 
ment, the newer apparatus is being closely 
rivalled by an improved model of the older 
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machine By a ball-tap feed the 
water in the biush-trough 1s regu- 
lated, and the volume of spray 18 
governed by scrpws on the hid, 
which*enlarge or narrow the opening 
as required 

Calendering. No textile fac- 
tory can afford to do without a 
calendermg machine Many factories 
employ a large number of various 
sizes §=6The chef object of calender- 
ing 18 to produce a smooth and 
lustrous surface on the cloth A 
calender [201] consists of a series of 
rollers and cyhnders, placed alter 
nately one above the other in a 
strong frame Calenders may have 
three, four, five, o: 81x “‘ bowls,” as 
the rollers and cylinders are named 
The cylinders are generally iron, and 
always hollow , the rollers are solid, 
composed of papier mache pressed 
to a very dense consistency The 
81x bowl calender 18 representative 
of the whole class of such 
machines Hand screws on the heads of the 
standards bring the required degrec of pressure 
on the bowls Beside the screws are two 
levers which put the drive on to all the 
rollers A gearing i» sct midway up the 
machine by which only the three bottom bowls 
may be driven When a stretching action 15 
desired the top rollers are given a higher speed 
than the lower section The heating of the 


hollow cylinders 1s accomplished either by steam 
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FOTDING MACHINE (Atherton Bros Preston) 


or by the introduction of red hot irons ‘the 
cloth 1s wound on to the roller at the foot of 
the calender, or the web already wound 1s slung 
in the same place, and then passes on to the first 
cylinder, thence round the roller and up through 
the whole machine, to be delivered at the other 
side Jt 1s all very simple, but the effects on 
the cloth are very wonderful 

Folding. Mechanical folders have developed 
very slowly, the inventors seeming to err on 
the side o: claboration But we have now 
some good and oxpeditious folders One of the 
best 18 composed of a curved, movable table, 
over which a folding arm works to and fro [202| 
The cloth 18 given out from the beam, and the 
folder carries 1t along to the end of the table, 
where it 18 clipped, or held , as the atm comes 
back 1t makes another told This machine 18 
also a cloth measurer, the number of yards being 
mdicated on the dial attached to the folder 

Hand folders, or lappers, are still needed im 
many factories, and they are very expert workers 
The lapper’s tool 18 a long rod named the broach 
stick With this he both measures out and 
smooths down the cloth, fold by fold 

Finishing Fustians. The class of cloths 
named fustvans includes velveteens, corduroys, 
cantoons, and moleskins These are finished 
by themselves in special ways by experts 
trained to nothing else Most important are 
the velveteens, and to them we shall give special 
attention 

Velveteens. When weaving velveteen we 
send the weft threads floating over seven 
threads of wa Under a magnifying glass 
these floating threads are seen to have 
the form of loops, lying in regular rows down 
the whole length of the web It 18 obvious that 
if those little loops can be halved and the 
severed ends made to stand de se a shallow 
velvet pile will be made 18 18 precisely the 
aim of the velveteen cutter When the cloth 
has been taken from the loom, it 18 staffened with 
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a kind of gluey paste or dressing. In that 
condition it is taken fo the cutting-room. 
Cutting Frames. After being dressed, the 
cloth is wound on 4g roller fitted with a ratchet 
wheel. This roller is slung on one end of a 
frame at the other end of which is a similar 
roller. The frames vary in length from 2 ft. 
to 10 ft., the short ones being opezated by 
women and the longer 
onesbymen. The cloth 
1s drawn across the 
frame and fixed on the 
end roller; then it is 
tightened and the rollers 
fixed by the ratchets. 
In this condition it is 
ready for the cutter. 
Cutting Kmaife. The chief tool of the cutter 
#8 a knife of peculiar form [204]. It is a blade, b, 
2 ft. long, % in. square, tapering to a thin point, 
and set in a strong wooden handle, d, thick enough 
to fill the palm when gripped urmly. Over the 
point of the blade is fitted an iron cover shaped 
like a ploughshare, called the gutde, a, which at 
once keeps the point, c, from 
dipping into the body of the 
cloth and lifts up the threads 
| 205] to be cut. 
Hand Cutting. Before 
beginning to cut, the cutter lightly brushes the 
length of the ‘‘race’’ with a piece of card, to 
loosen the stiffening. Gripping the knife in the 
right hand, like a fencing foil, and balancing her 
body on the right foot, the cutter, having gently 
insinuated the guide under the first few threads, 
drives the knife smartly forward in a straight 
and level line along 
the surface of the 
cloth. This is the 
action for the short- 
frame and plain 
velveteen. Longer 
frames and varicd 
patterns like cords 
and figures, involve 
movements so com- 
plex and varied as 
to evade descrip- 
tion. In a fine piece 
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field, took out a patent for a cutting machine which 
won approval from many competent judges ; but 
something was wanting, and the machine failed to 
supersede the hand workers. The problems are 
very delicate and difficult. After the knife has 
been made a tool of a machine, and the cloth is 
smoothly fixed, difficulties stillremain. The knife 
and the cloth vibrate under the cutting, and the 
args nerves of Ba 

iving cutter res to 

: r the motions. P When 

the knife slips into the 

~ cloth, the cutter feels it 

) at once and stops. 

Here is a double prob- 

lem for the inventor. In 

some degree, a solution 

has been accomplished by the mventor of the 
machine now used by many velveteen manu- 
facturers. On a frame 14 yards long, with rollers 
geared so as to remain fixed at any given point, 
and movable either forward or back the 
cloth is placed. Midway between the two rollers 
we find the cutting apparatus. The knife has on 
its guide, but instead of the 

blade and handle the 


Cte ee long 
short blade is fixed in a steel 
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plate across the bed of the 
machine, which responds to 
the vibrations of knife and cloth The second 
half of the problem 1s not so simply solved, 
though some success has been attained. By a 
pneumatic piston and a flexible hinge, the knife 
is rendered sensitive to the lightest obstruction. 
A knot or a puncture at once throws it out of 
action. In addition, the kmfe 1s watched and 
set to work by the 
attendant, who is 
seated at the point 
of cutting. The 
knife cuts at the 
rate of 2,000 ft. 
@ minute, and at 
the end of the race 
the cloth is wound 
back to the starting 
point, until the 
whole breadth has 
been cut. 


of velveteen 27 in. Enders and 
wide there are Menders. Small 
about 500 races; the punctures and 
cutter must there- other faults must 
fore perform the expected to 
action described occur, both in the 
500 times to cut a hand cutting and 
length of two yards. on the machine. 
It is slow and When the cutters 
arduous work. are done with it, 

Machine Cut- 6. SINGEING MACHINE (Mather & Platt, Ltd., Manchester) the cloth is handed 
ting. Fustian cut- ; over to the darners, 


ting by hand is costly, and a machine which could 
do the work as well, and more quickly, would be 
a great boon to the trade. The age that hand 
outting is largely practised is proof that no satis- 
factory machine kas yet been invented. Thereare 
many machines, however. As as 1834, two 
Salford men, William Wells and, © Schole- 
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who eee ee 
They carefully inspect the web, up the 
faults with darns imitative of the reatof the i ; 


this stage, therefore, is simply to inquire into 
what work we expect from those operators. 
First, the cloth must be freed from all the sizing 
and stiffening which have served us in the weav- 
ing-shed and the cutting-room. The cloths are 
soaked, washed, and dried. Secondly, the pile 
is brushed up on brushing machines. Thirdly, 
the pile is cropped level on cutting machines 
with spiral knives. Fourthly, the surface fluff is 
removed by singeing, either on the hot copper 
roller or through the gas flame [208]. Fifthty, 
the cloth is bleached by the common bleaching 
process. Sixthly, the dyer puts on the colour. 
Seventhly, the pile is waxed by bemg passed 
through between rollers of solid beeswax. 
Eighthly, the brushing machine again comes into 
use, to raise the pile. Ninthly, the pile is gently 
“ pegged’ on a ma- 
chine that strokes the 
cloth with a strip of 
hard wood. A finish- 
ing pegging is given 
the cloth by hand on 
tables of stone. The 
lappers or folders last 
make up the cloth for 
the warehouse. 

Finiahing 
Linens. Most of 
our liner fabrics pass 
through the bleaching 
process, which is fully 
explained in the Dye- 
ing section of this 
course. In_ several 
other respects, the 

ishing operations 
on linen resemble 
closely those of the 
cotton factory. The 
finishing department 
of the lmen factory, 
however, has some 
special features. 

Beetling. Who- 
ever discovered the 
secret revealed in 
beetling made a surprising hit. To change the 
appearance and character of a cloth by merely 
beating it with a club, is a wonderfully economical 
performance. Very probably the inventor was a 
woman. In olden time, the housewife, when the 
family linen had been washed, took a flat club, 
named a beetle, and beat the folded linen flat and 
smooth, stretching out wrinkles and bringing the 
fibres up closer to each other. 

Beetling Machines. The machine-maker 
has undertaken no great transformation of the 
domestic beetles; he has simply made them 
automatic and power-driven. The wooden 
pillars are set up on end, with projections fixed 
on the back of each. A roller behind turns on 
these projections, and lifts them up in rapid 
succession, letting the ends of the wooden blocks 
fall by their own weight. The cloth is wound on a 
wide roller placed below the beetles, and as it 
tarns, the heavy blocks beat upon the fabric, at 
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the rate of 100 blows a minute. Different 
effects may be simply brought off on the beetlin 
machine. Imitation of watered silk ‘s produc 
by the disposition of the cloth in layers, so that 
the threads are variously pressed. Fine moireens 
are made in this way. Damasks, fine hollanda, 
tablecloths, and table linens, are smooth! 
finished in the beetling machine, the threa 
being flattened and closed up, while a fine lustre 
is created 

Other bectling machines have been brought 
into use, mostly designed to expedite operations. 
Arapid machine is that of Mather & Platt | 207], 
the blocks of which are suspended on leather 
straps attached to semicircular springs, which 
are worked by a crank from the head of the 
machine. It delivers about 450 blows a minute. 

Mangling. This 
is another of those 
finishing operations 
which, though  ac- 
cepted in many 
branches of the textile 
industry, properly be- 
lo to the linen 
trade. The object of 
mangling is the 
stretching, smooth- 
ing, and lustring of 
the cloth. Mangling 
was first mechani- 
cally performed by a 
small waggon heavily 
leaded with stones 
running on rollers 
over a rmooth table. 
This very clumsy ap- 
pliance has long been 
discarded Pressure is 
obtained by powerful 
acrews, and the to- 
and-fro motion 1 ac- 
complished by recip- 
- rocating rollers, With 
the exception of the 
weight and the recip- 
rocating motion, the 
mangle [203] is little more than a form of calender- 
ing machine. Mangling 1s variously applied. 
Sometimes the cloth is taken direct from the 
beethng machine to the mangle, and in other 
cases cold calendering precedes the mangling. 
These are matters of factory practice. 

Calendering, viewing, darning, and folding 
operations in the finishing of linens differ very 
little from those we have already seen in the 
othe: textile factories 

Jute. The factory finishing of jute iteelf 
is chiefly calendering. The calendering machines 
are large and heavy, but of the same structure as 
the common calenders used for lghter fabrics. 
Jute, however, is the basis of many floorcloths, 
oilcloths, and linoleums. ‘The manufacture of 
these fabrics must be studied separately, and in 
the course of our examination of the poe of 
manufacture we shall deal with the whole subject 
of jute yarn and cloth finishing. 
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-PAWNBROKERS 

Of all careers open toa man on fortune bent 
there is perhaps none less inviting than that 
pursued by the pawnbroker. For ages he has 
been covered with obloquy, regarded as a pariah 
by society, and made a scapegoat of by those 
whose business it is to restore pope to unfor- 
tunate persons whom thieves have despoiled. 

Pawnbroking appears to have started as a 
separate trade about the reign ,of James II. 
(1685-1688), and from its very beginning its 
followers have been subjected to the most 
virulent attacks. Sermons have been preached, 
speeches delivered from platforms, and articles 
published in magazines and newspapers, all 
having for their text the iniquity of pawnbroking 
and the imperfections of all connected therewith. 
This prejudice has grown stronger with age, 
more inveterate from repetition of the attacks, 
and has been known to culminate in tirades 
which, it is not too much to say, exceed the 
bounds of common decency. The whole trade of 
 padbavabngs has been stigmatised as dis- 

onourable, and the pawnbrokers themselves as 
little better than criminals. 

Present Day PawnbroKing. Whatever 
may have been the truth in the past—and with 
that we have here nothing to do—pawnbrok- 
ing is now carried on in the light of day. Its 
operations are controlled by statute, while its 
followers are invariably men esteemed by their 
customers and neighbours. No other tradesman, 
except, perhaps, the licensed victualler, is sur- 
rounded by law as the pawnbroker. The Act of 
Parliament regulating the trade actually bristles 
with penalties for the infringement of any of its 
sections, almost any one of which may be put 
in motion upon application to a magistrate. It 
speaks well, therefore, for the members of the 
trade that so few charges of any importance have 
been brought home to them. It is claimed for 
them, and so far has remained undisputed, that 
more of almost any profession and business 
haye been convicted of serious crimes than 
there have been pawnbrokers. Still the bad 
name has stuck to them as to the proverbial 


og. 

A Dying Trade. It has been stated 
upon no less authority than that of Mr. John 
Burns that pawnbroking is one of four dying 
trades. From what source the President of the 
Local Government Board derived his informa- 
tion has not been made known, but a long 
and intimate acquaintance with the trade leads 
one to believe that he has a strong founda- 
tion for the assertion. The number of pawn- 
brokers is less in proportion to population than 
any other trade, and, what is more, the pro- 
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portion shows less and less with each recurring 


Inland Revenue Report. During the last five 
years the increase in the number of pawnbrokers 
in England and Wales was only 33—namely, 
from 4,280 to 4,313, an average of less than 
seven per annum, while the population of 
England and Wales increases at the rate of 
350,000 a year. In Scotland the number of 
pawnbrokers’ licences issued in the same 
sac has gone up from 425 to 453. In 
reland there has been an actual decrease. 
Ten years ago 382 licences were granted; 
to-day there are only 317. The reason 
given by pawnbrokers themselves for this 
restricte sha of the trade is that existing 
businesses have not been sufficiently remunera- 
tive to encourage fresh enterprises. They are 
constantly complaining that there are too many 
in the trade, and that it suffers greatly from the 
consequent competition, although, as before 
stated, the number is less in proportion than any 
other trade in London. In many provincial 
towns there is no pawnbroker’s shop to 
found. It is only in large industrial and 
manufacturing centres that the pawnbroker can 
make a living. 

Profits Permitted. Pawnbroking in Great 
Britain is conducted under the Pawnbrokers’ 
Act, 1872 (35 and 36 Vict. c. 93). The profit fixed 
by that Act is at the rate of one halfpenny per 
florin per month up to the sum of £2, or 25 per 
cent. per annum; above that amount, one half- 
penny per half-crown, reducing the rate to 20 
per cent. For sums above £2 the Act permits 
of special contracts being entered into, where 
the rates are mutually agreed upon as well as 
the term of the loan, providing it is not less than 
three months. Every ticket issued by the 
pawnbroker contains on the back an abstract 
of the Act setting forth in a clear and precise 
manner the profit he is entitled to charge, together 
with other essential information. Any excess 
upon these charges brings him directly under 
the penal clauses of the Act. The trade in 
Treland is carried onsunder special Acts of much 
older date. 

Within a radius of ten miles from the Royal 
Exchange, London, there are 692 pawnbrokers’ 
shops, the average number of pledges taken in 
per month at each shop being estimated at 
5,000, making an aggregate of 3,460,000, or 
41,520,000 pledges per year—about seven to 
each head of the population. The average value 
of each pledge is 4s., therefore the amount 
annually advanced to the poor of London is 
£8,304,000. In these figures pledges of more 
than £10 are not taken into account, as they 
do not come within the provisions of the 


Pawnbrokers’ Act. Yet a very propor- 
tion of the London pawnbrokers, Ch as many 


in the provinces, do a large business in that way. 

Present Conditions. With such a turn- 
over it would be thought that the trade of pawn- 
broking would be prosperous and flourishing ; 
yet such is far from being the case. The good 
days of pawnbroking are over; competition is 
too keen, and too much is therefore lent upon 
the goods. It is a well understood maxim in 
the trade that the man who makes the biggest 
advances does the most business, and though in 
this way, by doing “large numbers,” as it is 
called, ticket money—for a loan of 10s. or 
under, one halfpenny, and above that sum 
one penny—amounts to a considerable item, the 
loss on the realisation of forfeited pledges may 
easily lead to disaster. It should be remembered 
that all pledges above 10s. must be sold by 
auction; goods p for 10s. and under 
become the absolute property of the pawnbroker 
unless they are redeemed within a year and seven 


days. 

Forfeited Pledges. Many pawnbrokers 
. dispose of their “lows” in bulk—frequently at 
a discount off the amounts lent—while others 
utilise them in their own sale department. The 
latter process is generally the more remunera- 
tive, especially if the articles have been care- 
fully “taken in.” These statements may not 
be in accordance with the popular idea regard- 
ing a pawnbroker’s profits, but they are 
strictly accurate, and may be verified by refer- 
ence to the advertisement columns of their 
trade journal. Few people realise the difficulty of 
selling second-hand goods. It has been said that 
one of the finest tests of a salesman’s capabilities 
is to get him to try to sell a second-hand coat 
A brief experience will teach the novice that it is 
by no means an easy matter in these days when 
the market is flooded with cheap and shoddy 
material, with cut, colour, and fashion constantly 
changing. The difficulty is quadrupled in 
regard to women’s clothing. 

Possibilities of Pawnbroking. In spite 
of its unpopularity and somewhat unsavoury 
nature, a good living may yet be made out of 
pawnbroking. It is anything but a “ get rich 
quick ” occupation, for it is a fact, though little 
understood by the public, that the pawnbroker 
works for less profit than any other class of 
tradesman. His “ profit’’—the word made use 
of in the Act of Parliament regulating the trade 
—on every two shillings he turns over is but a 
mre far less than is made by the butcher, 
the baker, the grocer, draper, or any other shop- 
keeper with whom we have daily dealings. As 
one of their number puts it, the pawnbroker 
does not get 25 per cent on his turnover, as is 
popularly imagined, but his profit or interest 
is calculated at the rate of 25 per cent. per annum, 
which is a very different thing. Most retail 
traders price their goods so as to secure 25 per 
cent. — upon their turnover, so that it fol- 
lows that if a a turnover of £50 
fer week he makes & gross profit of £12 10s. 

&® pawnbroker has a turnover of £50 per week 
he would not get more than a gross profit of 


£2 10s. to £3, and that would include his charge 
for tickets as well as interest. 

Qualifications of the Pawnbroker. 
To succeed in the business a man requires 
knowledge, ceaseless perseverance, and capital. 
In the metropolis few pawnbrokers employ in 
their business less than £2,000, many as much as 
£10,000, some £20,000, and others considerably 
more than £30,000. In the provinces there are 
businesses carried on upon a capital of £500, but 
under such circumstances it must be a hard 
struggle to find the wherewithal to meet the 
demands for wages, rent, rates, taxes, fuel, light, 
licences, insurance, and the numerous small 
expenses incidental to all retail businesses, 
to say nothing of household and persona! out- 
goings. The cost of a pawnbroker’s licence is 
£7 10s., and expires on the 31st of July. Those 
who make advances on gold or silver articles 
are also required to take out the higher licence 
to deal in plate—namely, £5 15s. 

As may readily be conceived, the difficulties 
besetting the business of lending upon portable 
securities are enormous. The ideal pawnbroker 
should know the value—that is, the selling price 
of every article under the sun, anything that 
has any market value whatever. Needless to 
say, if such a person exists, he is very difficult 
to find, and he would probably make a better 
living in another trade. The pawnbroker deals 
in everything, and has to exercise his judgment 
as to the character of the thing offered as well 
as of the offerer. As a rule, he goes upon the 
assumption that it will be redeemed, and there- 
fore lends as ruch as he can upon the article 
with a due regard tu the price it will fetch 
under the hammer, or, in the case of “low” 
pledges, in his sale shop. Attention to market 
value—that is, the price at which any article 
will readily find a purchaser—is the essential 
for the man behind the pawnbroker’s counter. 
Experience alone will enable him to attain this 
desirable qualification. A man can scarcely 
be at the same time an expert upon precious 
stones, a judge of silks and satins, and fix the 
value of an overcoat and a pair of boots. Yet 
this is the pawnbroker’s daily task. 

Stolen Property. Apart from these diffi- 
culties there are others with which the pawn- 
broker has to contend He has to avoid taking 
in pledge property not lawfully acquired, or to 
which the pawner cannot confer 4 good title. 
Hoe must also perpetually be on his guard lest he 
fall a victim to the wiles of the “ duffer.” The 
first 1s not an easy matter, for the pawnbroker 
has no more means of distinguishing the thief 
than has the owner of the stolen property or the 
policeman who is searching for it. hen traced 
to his keeping, which generally happens through 
the pawn-ticket issued by the pawnbroker, the 
latter has, in most instances, to restore the 
article without compensation. Now and then, 
by grace of the magistrate, he receives @ third 
or a half of his advance. 

“Duffing” the Pawnbroker. “ Duff- 
ing,” or “ mosking,” is a career pursued through- 
out the country with considerable success. 
It consists of purchasing or manufacturing 
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goods, and pledging them at a profit. Numbers 
are engaged in it, making their way from shop 
to shop, and from town to town, until they have 
succeeded in persuading some unwary pawn- 
broker to advance them the sum they are pre- 
att to accept. This may be conside & 
egitimate business, but there are other practices 
which are not so guileless. 

There is no royal road to pawnbroking. It 
cannot be learned or conducted by rule of thumb, 
but demands from its followers sheer hard 
work and close application ; neither can it be 
imparted through the pages of a book. The 
pawnbroker must keep his nose to the grindstone 
all day long, and the man who succeeds in mak- 
ing a competence at the business would probably 
do so far more quickly in any other industry. 
The remuneration is slow, but it is certain. 
Pawnbrokers nowadays, outside Scotland and 
Ireland, at least, carry on a sale trade comprising 
jewellery, clothing, furniture, etc., and the two 
businesses materially assist one another. It has 
been advanced as a reason for pawnbrokers 

etting on so well in the world that they conduct 
ive or six businesses under one roof. 

Assistants. It is impossble to state the 
Sverago wages paid to assistants. Everything 
depends upon the nature of the business. As 
in other trades, the West End houses require far 
' more experience and ability in their omployees 
than do those in the East and Southern districts. 
Experience gained in the Kast End of London is 
of very little use in the West, and experience 
gained in the West is of no use in the East. 
Of late years the once general custom of appren- 
ticeship has died out. Boys are required for 
the warehouse where the pledges are stacked, 
also to write tickets and to book up the day’s 
transactions. After some probation, a smart 
lad may be employed at the pledge counter, 
-where his real experience begins. The sale shop 
is generally distinct from the ibid 
“ Living in” is the rule, and when speaking 
of wages has to be taken into account. An 
average London pawnbroker’s establishment 
would comprise a manager or foreman, second 
and third bands, one or two warehouse boys, 
and possibly a porter. Boys living in would get 
from £6 to £9 for the first year, and the porter 
£30 to £50. Excluding a limited number of 
very high-class houses, where exceptional ability 
is demanded and well femunerated: the average 
pawnbroker’s manager living in would get about 
£100 a year, the other hands receiving from £30 
upwards. A proportionate increase would be 
given to those not living on the premises. In 
many houses it is customary to allow a commis- 
sion on sales. Anyone contemplating entering 
the trade should reflect that, unless he is a man 
of considerable means of his own, or has some 
very substantial friends with unlimited confi- 
dence in him, the prospects of quickly rising to 
the rank of a master are not hopeful. 

Books on Pawnbroking. The ae 
books dealing with the subject are legal hand- 
books, the most up-to-date of which is the 
“Law of Pawnbroking,” by Charles L. Atten- 
borough (1897). The trade organ is *‘ The Pawn- 
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brokers’ Gazette and Trade Circular,”’ published 
weekly. The National Pawnbrokers’ Association 
and various metropolitan and provincial societies 
exist to protect the interests of their members. 
There are also a number of flourishing charitable 
and benevolent institutions in connection with 


the trade. 
PERFUMERS 

To-day perfumes are sold largely by chemists, 
hair-dressers, drapers, and in all the departmental 
stores. The true perfumer—he who keeps open 
shop for the retail sale of perfumes and toilet 
articles alone—is not often to be met with 
nowadays, not so often perhaps as he might be. 
For there can be no question but that there are 
many openings, especially in the larger and 
better-class cities and towns in the country, 
for a practical perfumer who knows the busi- 
ness thoroughly, and who is prepared to do 
it well, Of course, porfumes and toilet adjuncts 
are more or less luxuries. The neighbourhood 
selected must therefore be a good one, and the 
shop, stock, and appurtenances must appeal 
to the esthetic in mankind, and cspccially in 
womankind, 

How to Learn. The business is best 
learned in a chemist’s shop. There the manu- 
facture (or blending) and the sale of perfumes 
is a regular part of the chemist’s business. 
Moreover, the science of chemistry plays a very 
aap trae part in the modern art of Haters 
making, and the youth who is taught the scien- 
tific compounding of compatibles and incom- 
patibles in his daily routine is learning the prime 
essential of the making of agreeable scents. Of 
course, an apprenticeship of four years to ao 
regular perfumer, either wholesale, manufactur- 
ing, or retail, may serve the purpose quite 
as well, but it is a noteworthy fact that most 
of the successful perfumers of the day have 
been chemists first and perfumers afterwards. 

What to Learn. The things to bo 
learned during the novitiate are many and 
various. First, and most important of all, thero 
must be the “cultivation of the nose,” as it 
might be termed. The successful perfumer has 
so highly trained a nose that he can detect 
delicacies of smell that elude the ordinary person. 
This is a matter of experience and application, 
but primarily of instinct. The business of the 
novice is, therefore, to become acquainted with 
the properties and possibilities of the various 
crude products with which he is brought into 
contact, so that he can evolve something pleasing 
to the senses. He is taught how to blend 
essential oils of lavender, origanum, sandal, 
orange, lemon, and what not, in certain pro- 
portions with rectified spirit or with perfumed 
waters in such a way a8 to produce a perfume. 
He macerates musk, orris-root, ambergris, and 
so on, to make bases for recognised perfumes, 
and he learns how to distil flowers for the 
preparation of the oils they contain, and how 
perfumes are prepared from fresh flowers by 
simple absorption in a fatty medium. He comes 
to know the value—and the worthlessness—of 
various synthetics which are often employed in 
the manufacture of cheap perfumes, and tho 


kinds of bottles to buy for bottling certain 
brands, the style of Jabelling, capping, and tying 
with ribbon, packing, sa so forth, that is 
necessary to produce a finished product that will 
sell. Furthermore, and vitally, he acquires 
inside information into costs and profits, and the 
advantages of adequate display. Joined to per- 
fumes and part of the family tree, so to speak, 
are many toilet dainties in which perfume is an 
essential, and often the essential ingredient. So 
the youth who has mastered in a kind of way the 
art of making a perfume has yet to learn the 
many ways in which it is adapted to the taste of 
the dainty lady of fashion. He is taught, or 
ought to be taught, the mysteries of making 
perfumed sachets, toilet creams, face powders, 
erage lip salves, cold- creams, cosmetics, 

th powders, massage lotions, hair dressings, 
brilliantines, hair restorers, theatrical grease 
paints, and a host of allied preparations that are 
intended to make the plain beautiful and to 
stave off the ravages of Time. The question of 
toilet soaps itself is a large one. 

Ways and Means. An adequate experi- 
ence having been acquired, the young man (or 
woman) with a capital of £500 might essay a 
new business. As before mentioned, the shop 
selected must be in a good-class neighbourhood 
if the adventure is to be made on perfumery 
and its adjuncts alone. It must be done well, 
or not at all, for the cheap perfume business is 
not worth the candle. Those who want cheap 
perfumery can get all they desire in endless 
variety from the draper, the hairdresser, or the 
chemist. So a modest shop in a good-class, 
busy thoroughfare of a good provincial town, 
or a flourishing metropolitan suburb, should be 
secured and fitted up well. It will pay to spend 
at least £200 on good fittings in an eligible 
neighbourhood. Light oak, mahogany, or other 
fancy wood, carved or plain, but in good taste 
should be chosen. The window should be 
carefully looked to, and fitted so that it will 
display in the daintiest manner possible the 
delicate stock that is to tempt the passer-by. 
Some tastes run to velvet plush draperies of 
various shades in the window, while others 
affect plain oak recessed compartments with 
brass standards for displaying goods, and 
mirrored backs, sides, tops, and bottoms. The 
regulation shop with counter and cases. has 
given place of late years to the salon style of 
shop interior. A handsome carpet on the floor, 
& Sada case of one design here, another of a 
different style there, a profusion of mirrors, 

, and flowers dotted in odd corners, with 

andsome cut-glass show perfume bottles, 

ed soaps or toilet specialities insinuated 

In unexpected places, but not obtruding on the 

general scheme, dainty curtains, a delicate 

perfume, and a general sir of luxury; such is 
the modern perfume salon. 

Buying. The yo erfumer would not 
at first attempt is takes aaa bottle his own 
perfumes entirely. He would probably have o 

— ” evdived from his inner consciousness, 
in he had of great popularity, and 
this he would m ture and put up as a send- 
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off. It would require to have @ catchy name, 
and be original and attractive in style ob get up. 

owadays, most wholesale fumers, manu- 
facturers of toilet soaps, and makers of toilet 
articles, offer perfumes, soaps, and other goods, 
packed. in a selected style and labelled with the 
retailer's own name and address. The opening 
stock need not be large; in fact, it should be as 
small as possible, keeping in consideration the 
ephemeral nature of the goods and the danger of 
soiling labels and caskets. The amount expended 
in stock would not, therefore, be more than £150. 
For one must remember that crowded perfume 
cases are neither artistic nor necessary. 

What to Buy. First end foremost, the 
beginner would select about 10 Ib. of assorted 
perfumes in bulk. These would include the more 
popular perfumes (in triple extracts for reduction 
with spirit or otherwise), such as jockey club, 
essence bouquet, heliotrope, Parma violets, lily of 
the valley, moss rose, musk, myorotis, new mown 
hay, stephanotis, sweet pea, wallflower, white ror e, 
ylang-ylang, and so forth, which he would order 
in }-lb. or J-lb. quantities at a cost of from 9s. 
to 108. 6d. per lb. Then he would carefully 
choose an assortment of bottled perfumes, in 
l-oz , 2-0z., 4-0z., up to 8-oz. sizes. One gross 
of the ]-0z. size would probably cost about 
£10, half a gross of the 2-02. size, about £8, 
three dozen of the 4-o0z. size £5, and so on. It 
must be distinctly understood that no cheap 

erfumes should be touched, except in rare 
Instances, and great care and thought should ho 
exercised in the selection, which should not require 
more than £5 to £40 all told. Beside the 
bottled perfumes, there are also caskets or 
cabinets containing bottles of assorted styles, 
the caskets themselves being works of pictorial 
art and chaste decoration. A sum of £10 should 
secure a good display of caskets in designs to 
suit all tastes. Besides these, there are the pro- 
prictary brands to be stocked. Another £15 
to £20 would have to be spent on the “ creations ” 
of Rimmel, Vinolia, Grossmith, Atkinson, 
Gosnell, Erasmic, and other British makers who 
have made thor wares popular all over the 
world; while the staples of Continental per- 
fumers like Roger & Gullet, Piver, and Pinaud, 
and the celebrated Farina eau-de-Cologne must 
not be forgotten. 

Sundries. This may seem a modest esti- 
mate for one aiming at doing a high-class 
business, but it should suffice, for it must not be 
forgotten that the balance of the £150 will be 
required—and perhaps a little more—to cover 
the necessities that remain. These include toilet 
vinegars, hair washes, hair pomades, hair oils, 
brilliantines, mouth washes, and liquid denti- 
frices, tooth pastes and powders, cosmetics for 
the hair and moustache, creams, pastes, cos- 
metics and powders for the skin, toilet milks, 
perfume sprays, perfumed sachets, toilet powders, 
smelling salts, incense ribbon, fumigating 

stilles, manicure sets, shaving creams, and the 
important section of toilet soaps. All these must 
be selected in small, assorted quantities (} dozens 
or } dozens), the aim being to have as varied 
an assortment as possible. 
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Development. As the business grows, the 
man with a genius for perfumery will soon evolve 
new notions, and, provided he can hit on a novelty 
in Lada to which he can attach an original 
and striking cognomen (always taking care to 
endeavour to be unique in the style and finish of 
their packing), his success, all other things being 
favourable, is a foregone conclusion. If a new 
perfume is evolved—and there are thousands put 
on the market annually—the usual method is to 
run a series. That is to say, should he produce 
& perfume which he names “ Eunitia,” for 
instance, he would have besides ‘“ Eunitia ”’ 
bouquet in various sized bottles, ‘ Eunitia ” 
toilet cream, ‘ Eunitia’”’ sachet, ‘“ Eunitia ”’ 
face powder, and éven “ Eunitia” toilet soap. 
There is great scope for ingenuity in such an 
occupation, and to the earnest enthusiast the 
business is a fascinating one. Then the question 
of face massage and complexion beautifying is 
becoming yearly more important. As trade 
increases, @ portion of the shop might be cur- 
tained off, or the back shop premises converted 
into a kind of a boudoir, where Society dames 
may have their jaded complexions renovated 
by an experienced masseuse with creams and 
lotions compounded on the establishment. This 
once attained and a fair connection secured, 
the business becomes very profitable indeed, for 
what will not woman sacrifice to maintain her 
beauty ? Some perfumers have chiropody as 
side line, but this requires skill, and gencrally 
entails the epynen of expert and high-priced 
operators. The art of manicuring, however, is 
easily acquired, and well repays the time and 
trouble spent on it. Detailed particulars regard- 
ing “Manicuring” end ‘ Massage” will be 
found on pages 3738 and 3739. For “Chiropody ” 
see page 1895. 

Two Representative Formulas. In 
the course of his tutelage the young perfumer 
will become acquainted with many formulas or 
recipes for the preparation of various perfumes. 
The aim has been and still is to imitate by the 
combination of various essential oils the perfume 
of known flowers. In many cases this imitation 
is very successful, although the most satisfactory 
perfumes are undoubtedly made by direct ab- 
straction from the real flowers, either by distilla- 
tion or by enfleurage. The latter process pro- 
duces the best results, and is done by placing 
the petals or leaves on fats, either hot or cold. 
These processes, however, require 4 special plant, 
which the retail perfumer would not possess ; 80 
he would buy essential oils from a reputable house, 
lay in a stock of rectified spirit, and make a 
‘Honeysuckle ’’ perfume, for instance, by mixing 
the following ingredients : 


Oil of pimento.. .. . 10 drams 
Essential oi] of almonds . 10 drams 
Oil of cedrat .. ..  .. 5 oz, 
Oil of origanum .. 3 drams 
Otto of rose .. en yes 1 dram 
Rectified spirit 4 pints 


The usual process is to add the oils to the 
spirit in a stoppered bottle, shake, and 
leave to mature for a week or two before bottling. 


The most ular of the perfumed waters is 
“Lavender Water,” and every perfumer has his 
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own formula for this. A delightful ‘ lavender,” 
and one which is said to have been prepared 
for and used by George 1V. is made as follows : 


Mitcham oil of lavender 6 ¢drams 
Essence of musk .. .. .. 6 drams 
Essence of millefleurs ..  .. 6 drams 
Oil of bergainot ° 3 drams 
Otto of rose .. + dram 


Rectified spirit ..  .. .. «2 4802 

One of the prime essentials in the preparation 
of a lavender water is to make sure that a well- 
matured English oil of lavender is used ; and the 

rfume, after being mixed, should stand for 
tri four to six weeks with occasional shaking, 
before being filtered through filtering paper. 
Grey filtering ge of English make should be 
employed, and the paper should be warmed 
before the filtering process is begun. 

Alluring the Public. A brilliantly-lighted 
and luxurious window display frequently changed 
is necessary to attract the public. The vogue of 
recent years has been to make displays of special 
perfumes by the uso of floral adjuncts, such as 
baskets of roses, be-ribboned receptacles for 
perfume bottles, soaps, sachets, etc., palms, 
greenery, and other elegantly executed pictorial 
representations of high art, and adjuncts of a 
like nature, to draw the public to the window. 
Sprays of honeysuckle in profusion would 
impress the “Honeysuckle bouquet” on the 
public mind, and tempt to its sale, while baskets 
of lilies or twining loops of iris, or other known 
flower, would be employed for the perfume it 
represented. The main feature, however, is 
good taste in all displays, and the lavishly floral 
or the gorgeously plush may witb profit in many 
instances be replaced with effect by the severely 
classical, or, as in thocase of Old English Lavender, 
by an old-world touch. On the opening week, 
tiny sample sachets or sample bottles of a special 
perfume might be distributed judiciously, and a 
never-failing attraction and strong incentive to 
purchase is the practice of having one or two 
spray bottles containing representative perfumes 
on the counter or tables in the salon, by means 
of which the customer may “‘ try before she buy.” 

Profits. ‘The perfumer will have no difficulty, 
with a good character and £500 in the bank, 
in obtaining credit on the usual monthly or 
three-monthly terms, and he will find, as in 
most other businesses, that prompt cash brings 
the largest discounts. Thus, if he pays for his 
opening stock “on the nail” he will secure from 
74 to 10 per cent. off the list prices—a considera- 
tion on a £150 order. The profits on perfumes and 
toilet articles are good, averaging from 40 per 
cent. to 50 per cent. on the turnover. Pro- 
 siesoonige do not bear so great a profit—the best- 

own perfumes and soaps bearing, roughly, 
15 per cent. to 26 per cent. profit only. But the 
bulk perfumes show coliaidscably over 50 per 
cent. average, and when a formula has been pro- 
duced that gives a perfume that can be sold in 
l-oz. bottles for 2s., for instance, the profits 
mount up higher still. Taking all things into 
consideration, however, one might say that. o 
fair average all round may be struck at 50 per 
cent. on the turnover—s profit by no means to bo 
despised in these times of stores and cut prices. 
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Sources of Maple Sugar. 
is the produce of several kinds of maple-trees, 
the following being the chief varieties : 

Sugar maple, hard maple, or rock maple— 


Maple sugar 


botanical names: Acer barbatum, Michz., A. 
saccharinum Wang. 

Silver maple, soft maple, white maple or 
swamp maple—botanical names: A. sacchar- 
inum Linn., A. dasycarpum Ehrh. 

Red maple, soft maple or swamp muaple— 
botanical name: A. rubrum Linn. 

Black maple—botanical names: A. barbatum 
nigrum Sarg., A. saccharinum nigrum T'. and G., 
A, nigrum Mich. 

Production. Maple syrup and sugar have 
a distinctive delicate flavour, on which account 
they are much prized in the countries of pro- 
duction—Canada and the United States. The 
production of maple sugar is looked upon as a 
remunerative adjunct to other farming indus- 
tries. The season for tapping begins where 
winter ends, and is over before the ground 1s 
sufficiently thawed and settled for spring work 
pe r, It therefore occupies a period when 
ittle other farm work can be done. In Canada 
some 10,000,000 Ib. of maple sugar is made 
annually, while in the United States the annual 
roduction approximates 45,000,000 lb. The 
wk of the Gnited States production of sugar 
and syrup is made in the States of Vermont, 
New York, Ohio, Pennsylvania, and New 
Hampshire. The production of maple sugar 
has n especially encouraged in Vermont, 
where a bounty was paid on quantities of at 
least 500 lb. sugar testing 80 degrees or over of 
the B scala . The industry was established 
in Vermont the Indians, and from them the 
early settlers learnt the process of manufacture. 
Between the years 1896 and 1904 the University 
of Vermont and State Agricultural College 
conducted a research on maple sugar which has 
cleared up many doubtful pointe ; this research 
is the most complete study of the subject that 
has been made. 

How the Sugar is Obtained. Maple 
sugar is formed from starch, in the late 
winter and early spring. This starch 1s 
stored in certain sapwood cells during the pre- 
ceding summer, and is probably transformed 
into sugar through the action of enzymes (fer- 
ments). The starch is formed in the lcaves 
under the influence of sunlight, and a large 
leaf area and ty of sunshine conduce to 

sugar yi As will be explained later, 

he tree is repped, and the sap from which the 
made flows the tap into s bucket 
to receive it [16]. The immediate cause 
flow from the tap hole is sap movement 
pressure towards the point of least resist- 
The exciting cause of the flow seems to 
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be temperature fluctuations backwards and 
forwards over the 32° F. line, causing alterna- 
tion of pressure 
and suction—a 
pump -like ac- 
tion. The ulti- 
mate and abso- 
lute cause can 
hardly be this 
or any other 
physical] one; it 
is probably a 
function of 
living cell. 

The maple 
trunk rapidly 
accumulates 
water during 
the late winter 
and early 
spring. It at 
all times con- 
tains much gas enclosed within the cell walls 
of the woody tissue. The sap passes through 
these cells readily—gas scarcely at all. More- 
over, temperature changes cause expansion, or 
contraction of the volume of gas, and change 
in pressure, Increase of water content and 
rising temperature produce pressure, pressure 
induces sap movement, and sap movement 
means sap flow. Pressure and sap flow come 
from above and below the tap hole, but little 
trom the side. 

Season for Tapping. The time for 
apping is from the middle of February to late 
in March, when the nights are still frosty, but 
sunny and warmer days prevail. If at this 
time the trunk of the maple be tapped, by boring 
into it for a depth of 3 m. or less, and a sap spout, 
or spigot, be inserted, the sap exudes and falls 
drop by drop, quickly or slowly, according to the 
weather and time of day, into the bucket. The 
season lasts well into April The taps used 
are figured in 17, the top two being the simplest 
kinds; the fourth, the ‘“‘ Foster” tap, is one 
much in use, the 
hook being used 
for suspending the 
bucket. The col- 
lecting pail should 
be of tin, and have 
a cover to keep out 
snow, fain, and 
dirt, since much 
extra fuel is needed to evaporate the sap when 
it is mixed with rain or snow The pail holds 
from 16 to 18 quarts of sap 

No more sugar is yielded by tapping on the 
branchy side of the tree than on the aide rela- 
tively devoid of branches The hole in the tree 


4351 





18. COLLECTING MAPLE SAP 


t 





17. MAPLE TAPS 


FOOD SUPPLY 


into which the tap is inserted is made with a 

bit, about four feet from the ground. 
The larger the tap hole the more sap and sugar, 
for a time, at least. It is undesirable, however, 
so to wound the tree that the hole will not soon 
heal. A 3 to § in. bit is best for tapping, and 
care should be taken to free the hole from 
shavings and borings before the tap is inserted. 
The sap is at first quite clear, but as the season 
advances the flow lessens, and the sap becomes 
thicker and cloudy. 

Yield of Sap. A good sap day, of which 
there are ten or fifteen in a season, occurs only 
after the air temperature has remained below 
freezing point for some time. Warm days and 
frosty nights form ideal sugar weather. Some 63 
per cent. of the sap flows before noon. The total 
sugar content of a tree carrying 135 gallons of 
3 per cent. sugar is approximately 35 lb. The 
average yield of sugar from a small tree is 3 Ib., 
which represents 9 per cent. of the total sugar 
content. A pound of sugar from each pail of 
sap is the usual amount, and is amply maintained 
in practice. The sap ice should not be discarded, 
w8 1ce removes nell sugar. The duration of the 
sap flow depends on the weather conditions ; 
it may be fairly continuous for some time, 
but is commonly broken into distinct runs. The 
swelling of the leaf buds preparatory to bursting 
marks the end of the flow, or season. 

Trees under 25 years old are seldom tapped, 
a3 the yield is too small to pay; but once a tree 
is tapped the process may be continued annually 
for forty years, without harm to the tree. 

Sugar Boiling. The process of obtaining 
sugar from maple sap is extremely simple on 
account of its purity and freedom from extra- 
neous matter. The contents of the sap buckets 
are emptied into a tank in the boiling shop, and 
from this tank the sap is led to the evaporator, 
which is heated by prunings of the maple grove. 
The evaporator [18] is a large iron pan from 10 
to 18 ft. long, 4 to 5 ft. wide, and 6 to 8 in. deep, 
divided by par- 
titions so that 
the sap, ad- 
mitted by a tap 
regulated by a 
float, takes a 
devious course 
before it reaches 
the far end. 
The sap boils 
furiously, and 
is skimmed all 
the time by means of shallow tin skimmers. 
The incoming sap makes a continuous current. 
throughout the evaporator, and by the time 
the sap reaches the outlct it is a more or less 
thick syrup. While hot, the syrup is passed 
through a felt strainer. 

Maple Syrup. If the maple sugar be 
required in the form of syrup, which saves 
much time and fuel, it is evaporated to a density 
of 1°325 or 11 Ib. of mee to the gallon, and poured 
while hot into perfectly clean pans or tins, 
which are then sealed to keep out the air. 
Syrup of this strength will not granulate under 
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ordinary conditions. The vag, 4 to boil can 
be gauged by a thermometer. en the thin 
sap begins to boil, its temperature is about 
213° F. As it boils down and becomes thicker 
the temperature at which it boils mses until 
towards the end it may be 235° to 240° F. A 
syrup, if consisting only of sugar and water, 
boiling at 230° F. would test 80°, and at 
253° F. 90° polariscope, and each degree over 
this temperature approximately one per cent. 
of suzar. 

If made into sugar, the syrup is boiled over 
@ brisk wood fire, in a pen smaller than the 
evaporator, to a concentration which will 
crystallise into sugar on cooling. There are 
various methods of determining when this 
sugaring point is reached, the usual test being 
to pour a little of the syrup on to snow, when, 
if ready, it gives a strmgy or hairy product. 
The pan is then removed from the fire, the mass 
stirred or dipped until graining begins, and 
transferred to tubs to harden. Variations in 
the manufacture are practised, a little lime or 
soda being, in some cases, added to neutralise 
free acids, and in others white of egg is used to 
make a crystal white product. 

Palm Sugar. In India, besides the sugar 
cane, several palms are used as sources of sugar. 
The chief kinds are: 

Palmyra palm or crab tree—botanical name, 
Borassus flabelliformis Linn. 

Indian date palm—botanical name, Phenir 
Sylvestris. 

Sago palm—botanical name, Caryota urena 

Coconut palm—botanical name, Cocos nucifera. 

Neen tree—botanical name, Melia azadirachta 

The Palmyra Palm. The Palmyra palm 
constitutes the only species of the genus palm- 
acea, the word flabelliformis referring to the fan- 
shaped leaves. Tt is very widely distributed, 
and i» found in South America and Australia, 
and in every part of Hindustan. The average 
height of the tree in Tinnevelly is 40 to 50 ft., the 
circumference at the base being often 5} ft., and 
at the top 2} ft The roots penetrate to a great 
depth, and hence deep loose soil is best for 
the growth of the tree. The cultivation is easy, 
it being required simply to collect and sow the 
seeds, which germinate readily, and to protect 
the young saplings from cattle and from villagers, 
who collect and use the young shoots as a 
vegetable. The tree cannot stand very much 
drought, and is best planted in a rather damp 
locality. 

Method of Collecting the Sap. The 
saccharine juice of the Palmyra palm is obtained 
by bruising the flower stalk with a wooden instru- 
ment resembling a pair of compasses so as to 
crush the embryo flower or fruit within, and by 
ae thin slice off the end for several day: 
The object of slicing the end of the spathe is to 
facilitate the exit of the sap, and to prevent it 
from bursting the spathe. About the eighth 
day the sap begins to exude, and is received in a 
little earthen vessel attached to the stalk. 
The inside of this vessel is smeared with chunam 
to prevent the juice fermenting. The tree is 
climbed both morning and evening for bleeding, 


but the sap which has collected since the last 
ascent is usually brought away in the morning 
only. The quantity of juice yielded by a male 
tree is about two-thirds of that obtamed from a 
femalegtree. The palmyra season extonds from 
the beginning of February to the beginning of 
October. Much of the fermenting sap is drunk 
just as it comes from the tree, and when allowed 
to ferment forms the intoxicating beverage 
known as toddy. Still more of the juice is boiled 
into jaggery, or converted into sugar candy. 

The palmyra continues to yield three or four 
quarts of sap a day for four to five months. 
but once in every three yoars the operation of 
tapping must be suspended, and the fruit per- 
mitted to form, otherwise the tree would die. 
The juice contains more sugar than other palms, 
three quarts of juice yielding one pound of jag- 
gery. The tree goes on yielding juice for about 
fifty years, and begins to give sap when about 
15 years old, but this depends upon the locality. 
The production of sugar from the sap is dealt 
with in the section devoted to the date palin. 

Indian Date Palm. The date palm attains 
a height of 30 to 40 feet. It grows most abun- 
dantly in Bengal, Behar on the Coromandel 
coast, and Guzerat. Ir Jessore and other 
districts of Bengal, it is extensively utilised 
as a source of sugar. The higher ground is that 
chosen for date palm cultivation, and the seed 
is planted in rows 12 ft. apart. After seven years 
a tree ready for tapping is obtained, the process 
being repeated thenceforward every year. There 
are two series of leaves, the crown leaves, 
which rise straight from the top of the trunk, 
and the lateral leaves, which spring out at the side 
of the top part of the trunk. When the rainy 
season has completely passed, and there is no 
more fear of rain, the cultivator cuts off the lateral 
leaves half round the tree, thus baring a surface 
measuring 10 to 12 in. each way. This surface, 
at first white and afterwards turning brown, 
is not the woody fibre of the tree, but is a bark 
formed of many thin layers which change colour. 

Tapping the Date Palm. After the 
tree has remained for a few days, the tapping 
is performed by making a cut into this exposed 
surface in the shape of a very broad V, about 
3 in. across, and } to 4 in. deep. Then the sur- 
face inside the angle or V is cut into, so that 
a triangular surface is obtained from which 
sap flows. The sap flows to the bottom of the 
angle of the V, where a small bamboo spout 
is placed to convey it to a small earthenware 
vessel. The tapping is arranged throughout 
the season by periods of six days. On the first 
evening a cut is made as described, and the juice 
sllawed to run during the night, this juice being 
the strongest, and known as jiran juice. In the 
evening another slice is cut off the exposed sur- 
face, the sap obtained being termed do-kat. 
No new cut is made on the third night, the juice 
which runs out being called jarra. The tree is 
then rested three nights, and again tapped as 
described above. In time the tree gets a depth 
of four inches taken out of the wound. The 
following season, the opposite side of the tree is 
tapped, each tree yielding juice for about forty 
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years. The notches are always on the east and 
wert sides of the tree. The clearer and colder 
the weather, the more copious the flow. Tap- 
ping begins in November. the best flows being in 
December and January. The flow diminishes 
as the warm weather comes. Each tapping 
yields five seers of juice on the average, and 
seven to ten seers produce the seer of guho. 

The annual yield of sugar from palm-trees in 
India is estimated at 100,000 tons. 

Other Sugar:-yielding Trees. The 
sago palm of India is the chief source of palm 
sugar in Southern C'cylon, and in the Bombay 
Presidency more sugar is made from it than the 
palmyra palm. The coco-nut palm is used as a 
source of sugar in Madras, while only a small 
quantity of sugar is obtamed from the Neem 
tree. 

Sugar-making in India. The processes 
followed in making sugar from cane juice are 
shown in the table prepared by Mr. 'T’. O. Miller 
for the “ Agricultural Ledger.” It is given here 
[19] to show the great varieties of sugar which 
are prepared from one source, and also because 
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some of the methods are followed in preparing 
sugar from the sap of the Palmyra palm and 
Indian date palm. 

The juice from the palm is boiled at once in 
large pots placed in a hole on the top of a dome 
of brickwork which is over a wood fire. The fire 
is kept burning by using the leaves of the 
trees with the wood fuel. The juice is clear 
when put into the pan, but after boiling turns 
dark brown, and yields a semi-solid mass called 
guhr. This, when still warm, is poured into small 
earthenware pots. It takes two and a half hours 
to boil a panful of juice to the guhr condition. 

The refining processes of India do not involve 
the use of charcoal, but consist of eliminating 
the molasses more or leas perfectly by draining, 
reboiling, and claying. The canc-juice table 
sufficiently explains the gencral methods followed 
in the case of palm sugars. The English system 
is also followed to a limited extent. It should 
be noted that the greater purity of the palm juices 
makes the refining a less troublesome operation 
than in the case of cane juice , it is also cheaper. 
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Sorghum Sugar. Broom corn, Chinese 
sugar cane, Imphee or Sorgho—botanical 
name, Sorghum saccharatum Pers.—is a gramina- 
cvous plant which has been the subject of much 
experiment as a sugar producer [20]. Experiments 
in Kansas have shown that sorghum may be 
developed in any par- 
ticular direction by 
continuous selection of 
seed from cane which 
has the qualities de- 
sired. In this way 
the percentage of sugar 
might be increased and 
the proportion of im- 
purities in the juice 
diminished. 

No sugar, or only a 
very little, is produced 
from sorghum at the 
present time, but a 
considerable quantity 
of sorghum syrup is 
manufactured. The 2 
difficulty ha» been to j nd ~* 
get rid of the starch | } Ps " 
and gummy matters, i 
and the  uncrystal- 0. sornanum 
lisable sugars which 
prevent the sugar from being prepared in a dry 
slate. The juice of the sorghum contains about 
10 per cent. of sugar. <A variety of sorghum 
(S. vulgare Pers.) or great millet. also yields sugar. 

Cultivation of Sorghum. Sorghum as 
a source of seed for cattle-feeding purposes is 
considered by some experts to be superior to 
maize, and it is probable that future investiga- 
tion may result in varieties which yield a maxi- 
mum of sugar as well as tully-matured secds. 
The varieties at present best known are the 
Honduras, early amber or early golden, and 
white Liberian. The stalk is 7 in. to 14 in. in 
diameter, und from 6 to J]2 ft. long. Sorghum 
is not affected by drought and can be grown on 
any good corn land. The land should be deeply 
ploughed and freed from lumps in the spring 
by rolling or harrowing. Planting should not 
be too early, but in warm and moist soil, so that 
the plants appear in a few days. The plants 
may be thinned, and are best planted in hills, so 
ws to be able to stand the wind better. Close 
planting checks the growth of weeds, but ex- 
clusion of light is deleterious to the growth. 

The time required for maturing varies from 
90 days in the case of the early amber, to 140 
days for Honduras. The time for harvesting is 
when the seed has passed the doughy stage and 
feels hard. The tops are removed by a sickle for 
the sake of the seed, and sometimes the stalks 
are stripped for fodder, but there is no difference 
in sugar yield between stripped and unstripped 
stalks. It is important to reject immature canes 
as the larger proportion of glucose they contain 
prevents the crystallisation of the sugar. 

Collier emphasises the following points: 

}. A cane that matures quickly and has as long 
a working period as possible should be selected. 










2. The cane should not be worked too early ; 
the seed should be well matured and quite hard, 
and the juice should have a specific gravity of 
at least 1-066. 

3. After cutting, the canes should be worked 
up without delay. It is best to draw directly 
trom the field to the mill, as required, to keep 
the mill going. 

The stalks are passed through rollers as in the 
case of the sugar cane, the juice is then limed. 
defecated, sulphured, and concentrated in much 
the same way as for Beet Sugar | page 4160}. 

Sorghum Syrup. ‘Jhe United States 
Department of Agriculture has issued m a 
popular torm a pamphlet dealing with the pro- 
duction of sorghum syrup, of which che following 
is an abstract of the practical portions. The 
juice as it comes from the mill is treated with 
sufficient cream of lime to render it slightly 
alkaline when tested with litmus paper. Hacess 
of lime should be avoided. The addition of fine 
clay at thisstage is also recommended = The clay. 
in very fine powder. is stirred in water to make 
it into a thin batter, and a small quantity of this 
is stirred in after the lime. The lime and clay 
gradually subside and take down with them the 
mpurities of the jure. The vessel conteining 
the juice is allowed to remain undisturbed until 
the juice is cleared = The clear juice is then drawn 
off, heated nearly to boiling point, and a |ittle 
superphosphate of lime added to make the liquor: 
distinctly acid to litmus paper. bout a gallon of 
coneentrated superphosphate of lime is sufficient 
for from 400 to 500 gallons of juice, the quantity 
depending upon the amount of lime that war 
used. Excess of superphosphate must not) be 
added, ax it affects the taste of the product. 
The mixture settles out a precipitate from which 
the clear juice is separated and rapidly concen- 
trated in an evaporator. Bright and brilliant 
clarified juice is essential to success. After 
evaporation to a suitable density the syrup 
is cooled, and when it reaches the temperature 
ot the air it is put into barrels. If no clay be 
used in the process of manufacture, the juice is 
slowly heated after the addition of lime and the 
scum that forms removed by a skimmer. The 
juice may have a little bisulphite of lime added 
at this stage as a preservative and colour im- 
prover. After the juice has been thoroughly 
skimmed it is allowed to settle for from one to 
two hours, the clear juice being drawn off from 
the sediment and evaporated very rapidly into 
a syrup. 

Maize Sugar. , The stalks of Indian corn, 
zea mays, contain from § per cent to L2 per cent. 
of sugar, and have been used as a source of suger 
by the Mexicans in ancient times. The taste 
of the syrup or sugar obtained from mnaizc 
resembles that of maple sugar. 

Sugar cannot be made from maize to compete 
profitably with that of the beet, but it is quite 
possible that a systematic selection of s¢ed 
necording to the sugar yield would give better 
results. It would be an ideal state of things 
if the corn could be grown both for its seed and 


sugar. 
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The Drafting and Making of a Man-o’-war Suit. The 30 


@ Jumper and Whole-fall Trousers. 





Sleeves and Pockets 


CRILDRIUN'R CLOTHING 
routinue 1 fiom page alfg 


By AZELINE LEWIS 


THE shape of the first small shirt cut on manly 

lines is shown in 87, and is made in practically 
the same way as the grown-up model, for which 
we must refer the maker to NSHIRTMAKING, 
where full directions are given. The yoke is of 
double material. cut selvedgeways, and ig stitched 
to the gathered back, as the notches indicate. 
The button stand is stitched to the right side 
of front opening, and the mitred wrap on the 
left. as it must be remembered that men’s gar- 
ments fasten over from left to right, and not 
right to left, as those of the other sex. This 
shirt will take 1 yd. of 36-in. material, either of 
flannel or shirting. 

The pattern can also he utilised for the 
French shirt shown in (/) of 36, the Jower portion 
heing merely elongated and cut leg-fashion. As 
already mentioned. if these be further extended, 
and the garment made larger, it forms an excel- 
lent sleeping suit. 

Man-o’=swar Suit. The drafting and 
making of this suit are given in full. as they 
present a few variations, and the style is always 
popular. Besides this, the small trousers can 
be adapted to several shapes. The measurements 
are as follows: Breast, 26 in.; neck, 12 in. ; 
sleeves, 14 in. ; wrist. 6 in. 

This drafting will do for four years. as already 
observed, by cutting without inlays. The 
materials and accessories required for this suit are 
24 yd. of 27-in., or 1) yd. of 50-in. material ; 
2 yd. flannel for singlet; lanyard and whistle ; 
black silk square ; man-o’-war hat. 

Diagram 388 shows the jumper, which is drafted 
as follows: A to B, - 2 ; 
two-thirds of breast “ 
(about 17} in.) ; make 
Cin the centre. Draw 
two parallel lines from 
A and B, 18 in. in 
length (or longer if 
desired). 

C to T), and C to E 
are each one-sixth of 
the neck measure, 
plus } in. (2} in.); 
C to F, one-fourth of 
breast, plus 13 in. 
(8 in.); A to G, and 
B to H, are each one- 
fourth of breast 
(63 in.). 

HECouLAR. A to 
B, the neck measure, 
less 1 in.; C midwa 
between ; the depth 
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of collar is one-fourth of breast plus 1 in. (73 in.), 


or deeper if desired. (See diagram 29 (2)] 
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88. JUMPER 


SLEEVE. A to B, one-fourth of breast plus 
2 in. for pleats (8$ in.); A to C, the length of 
sleeve (14 in.); C to 











) €03 fiz-| D, half wrist plus 

4 ';,| 2 in. for pleats ; con- 

¢ ; ie nect 1) to B; Bto BK, 

o : i | Lins connoct K to A 
d te} [41]. 


Tun Stnaver. A 
to B and A to € 
——~ are each one-sixth of 

neck, Jess 4 in., to 

-_ make it fit well round 
‘ the neck; A to D. 

1) in. Curve from 
B through D to C. 
D to EK and D to F 
are cach 5 in. ; D to 
G, 10 in; H and | 
arc each 2} in. from G. 
Draw lines from | to 
F on to C, and from 
H to EF onto B. A 
represents the back, 
and 1D the front [40]. 

In cutting cut the pattern, allow 3 in. turnings. 
The shirt, or jumper, as the sailors call it, is 
eut In one piece—te., it has no shoulder scams, 
these being placed to the fold of material. 

The Making. (halk-mark the armholes, 
as at G and H; then slit the neck from E to D, 
and mark the opening from C to F, or jonger if 
required, to allow plenty of room for the head to 
go through, and avoid splitting. The opening 
must be faced with a strip of the 
kame material 6 in. wide and 1} in. 
longer than opening. Chalk-mark 
the centre of facing, as from C to 
F [38]. 

The making of the jumper is 
very simple. The facing is 
stitched to the inside of front, 
as shown by the broken lines, 
using a long atitch for coarse 
material, and well pressed. Make 
a small pocket and sew on the 
inside of right fore part on the 
edge of facing [88], and another 
on the outside of the left fore 
part for whistle, etc. 

For the collar, two pieces 
must be cut out, and 4 in. 
turnings allowed all round. It 
is made in the same manner as a 
pocket-flap, for which see Boys’ 
‘TAILORING | page 1292]. Insert the 
neck of jumper between the collar, placing centre 
of neck to centre of collar ; baste on carefully and 
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stitch along the neck and al] round the collar, 
quite close to the edge. and } in. beyond. 


well on the wrong side, over a 
damp cloth. The seams can 
now be basted together and 
stitched ; remove the basting 
and stitch again en the right 
side through both turningre— 
7.¢., Without opening the seam 
-~} in. from the scam, to keep 
them flat and neat; turn up 
the bottom, baste, and stitoh. 

The sleeve should have a 
box pleat m the centre of top. 
and one on. either side, re- 
versed—i.r., one facing front, 


the other back ; 2 in. are allowed for the pleats, 
und they should be stitehed down 2 in. or more 


10 keep in posi- 
dion. The wrist 
4 made in the 
same manne. £ 
After the pleats 
wre stitched, 
the bottom 
should be tur- 
ned in} in, and 
taeed with a 
piece of mate- 
rial or jining, 
and the open- 
ing of sleeve 
hemmed— 
about 3 in. will 
be — suficient. 
Then stitch up 1 
the seam to 
match the 


sides, place a button on the under part, and work 
» buttonhole in the top. The sleeve can be made 


A 


SION GL 







CENTRE FRONT 


40. SINGLET 


Press 


CENTEE 


CCLLAR 


839. COLT AR 


C 


without an opening if preterred ; in this case, the 


heam must be stitched before the facing is put on. 
Diagram 42 shows the shirt finished and the 
To insert the sleeve. place 


position of pockets. 
the seam to the underarm 
seam, baste and stitch; turn 
the shirt on the right side, 
and stitch again, to match 
{he other seams. Sew two 
pieces of ribbon on the open- 
ing, about 1 in. from the 
bottom. 

Drill collars to wear over 
these Jumpers are sold ready- 
made. or can be made as 
shown. 

The singlet is cut in two 
peces. Join the right shoulder. 
turn in the edges of the left. 
work two buttonholes or loops 
on the front, and sew two 
buttons on the back; the 
neck should be bound round 
with a strip of drill or linen. 
cut on the cross, whilst the 
edgos can either be bound, or 
turned in and herringboned. 
Sew tapes at cach corner, to 
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keep the singlet down when worn. 
on the centre of front Is a great improve- 


tA 


72 INCHES 





41. SLEEVE 
of G, through E to D. 





An anchor 


ment, and can be bought 


8 woven leady to sew on. 


Drafting ‘* Whole-« 
fall’? Trousers. These 
are the measurements: Inside 
leg, 163n. : waist, 26 in, 5 seat. 
28 in. Working seale, half 
seat, 14 in. 143}. These trou- 
sers are cut without an outside 
seam, sO the paper for drafting 
must be folded m half length- 
Wine, 

A to B, the inside Jeg mea- 
sure, 16 in. : Bto Cy half seale. 


7in.; C to D, one-fourth. 3) mo: C to EB, half 
the distance from Co to D. 1} inw: E to F, 


ling; ( to G, 
halt) scale plus 

e Md in. 82 ine: 
square oa tine 
from G@ to the 
fold, and make 
H. H to}, 4 in. 
(tor the open- 
ing): H to J, 
2 in. 

Square out 
fhom J half the 
Waist measure, 
G) in. and 
make Ko; K to 
l.. | in. ; con- 
nect J to L. 
Thaw line from 
L to F. and 
curve from F to 

D TD; curve grad- 
ually from} 
mm. to the lett 
We must now consider 


A to M, half the inside Jeg measure 
plus J} in. 9Fin.; MtoN, half the scat measure, 


7 in.. more or less as desired ; 
A to O. 1 in. more than M to 
N [43]. Curve trom O through 
Nto}). The bottom should 
be slightly rounded. 

Cut out the pattern from 
L, through F to D, thence 
through N to ©. and on to A 
[43]. Next, slit down the 
opening from J to I, cut along 
the fall from H to G, and 3 in. 
to the left of G, through Eto D. 

It must be remembered that 
the pattern is drafted double. 
no seam being required at 
side. so care must be taken in 
eutting-out the u oe front 
portion when the slit for the 
fall has been made not to quit 
the back part tuo. 

Two picces are required to 
go under the fall, which cor- 
respond with the upper part 
of tront; these are joined on 


at the sides, to finish the waist part ; and to this the 

fall is buttoned. Thoy are cut asshown in diagram 

44, ItoJ and J to L 

K must be the same 

measuge as corre- 

2 sore letters on 
afting. K to P,4 in. 

Two small pieces 
are also required for 
the fall-front facing, 
and are the same 
measure as the cor- 
responding letters on 
the drafting. 

Open the pat- 
tern of trousers 5 
on to the ma- 
terial, each leg 
being cut with- 
out a side seam, 
chalk-mark all \ 
round, as also the 
knee - marks at N 
(these are to he kept 
together in making), 
and the opening as 
at H and I, and cut 
out, allowing 4 in. 
turnings. Face the 
forks with lining [sec 
TAILORING]. Baste 
and stitch the inside 
Ieg seams; then 
baste and stitch the 
two back parts to- 
gether, beginning two 
inches from the waist 
and terminating at the top of fall, as at G, taking 
care to keep the forks together, as at D. This 
part must be faced with two 
picces of lining. | For shape sce 
broken line in the drafting. | 

Cut two pieces of material 
or lining (in many cases the 
latter will prove much less 
clumsy), join the centre and 
hem the lower edge ; place 
the facing on the fall, face to 
face; baste and stitch round 
the edge, turn it over to the 
wrong side, work out the cor- 
ner, baste again, and stitch 
+ in. from the edge. Join the 
small pieces to the sides, plac- 
ing J and I together; tum 
in the top of waist 4 in., and 
face with a straight piece of 
lining; this must bo slip- 
stitched all round. 

Turn back the 14 in. for 
buttons and  buttonholes, 
and hem along the bottom. 
Stitch all round the top of 
Waist and edge of fronts, 4 in. 
from the e; secure the 
openings with a double row of stitching. Work 
four buttonholes on tho fall. one at cither corner 













O 


43. ““ WHOLE-FAIL” 
TROUSERS 





45. TROUSERS (OMPLETE 


although, of course, the correct pattern to be worn 
with this suit is that illustrated on this page. 


Continued 


(on the slant), and one about 13 in. on either 
side of the seam, and three on the left under part 
[sec A in diagram 45]. 

As the blouse in this suit is tucked inside the 
trousers, no braces can be worn. The absence 
of this support, is, however, arranged for by 
drawing them together at the back by means of 
ribbon, or a lace passed through eyelet-holes. 
For this. the back seam is left open a few inehes 
from the waist, and tirmly fastened off to pre- 
vent tearing. For woollen material, it is best 
to stitch the opening about } in. from the edge, 
but for drill or cotton it is not necessary. Two 
eyelet-holes are then worked with twist'on each 
side of the opening. (For the method of working. 
see DRessmakiva.| Now baste a piece of lining 
or material on the inside of the opening, about 
4 in square, and rounded at the lower part, 
forming a pocket-shaped piece, which stitch 
round twice |see B in diner 45). This facing 
is to prevent any discomfort or pressure from 
the mbbon or lace used to draw it in the waist. 
For this last purpose a short silk or mohair 
hootlace answers admirably, but ribbon can be 
used if preferred, For the position of the facing, 
seo diagram 45, which 
shows the waist part 
of the trousers com- 
plete In A we have 
the fall-front showing 
facings and button- 
holes; also position 
of buttons on the 
pieces which go under 
the tall, In B, the 
back part is shown 
finished, 

Turn the fall over the front and mark position 
for the buttons, also for those on the right front ; 

Kew them on; turn up the 

bottom and fell and press. 

If a pocket is wanted, it 
should be jetted; for posi- 
tion see diagram 48. Full 
directions for making pocket» 
were given in TALLORING FOR 
Women |page 1844] 

This drafting can casily be 
converted into knickers, if 
required, by cutting pattern 
to the knee-line, and widen- 
ing the leg part, as shown by 
the broken line. 

If made a little fuller at 
the knee part, which can 
casily be done hy placing J 
of the drafting to the fold 
of material, and M } in. in 

. from this, the pattern will 
do for the gathered knickers 
worn with the tunic suits. 
Tf required with openings in 
front, we must refer the 
maker to the section on Boys’ 

TAILORING (pp. 1461, 1551], 


44. FROYT WRAP 
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Continued from page 4224 


Continued trom 
pute 4216 


ITALIAN 


VERBS—continued 

Reflexive Verbs 
HE reflexive form of the active verb is ob- 
tained by the addition of the conjunctive 
forms of the personal pronouns mz, (2, 87, c/, rt. [See 
pive 3784, Position of the Conjunctive Forms. ] 
The reflexive verbs are conjugated with the 
auxiliary éssere. The past participle must always 

egree in gender and number with its subject. 


Lavarsi, to wash oneself 
INDICATIVE Moop 
Present 
to mi lavo, 1 wash myself 
fu ti lari, thou washest thyself 
eqlt at lava, he washes himselt 
not ¢c7 laviamo, we wash ourselves 
noi vt lavate, you wash yourself, -selves 
ext at lavano, they wash themselves 
Pust Indefinite 
to mt sono larato, -a, T have washed myself 
fu tt sei lavato, -a, thou hast washed thyself 
egli st é lavato, he has washed himself 
noi ct siamo lavati, -¢, we have washed ourselves 
rot vt sicte lavato, -a, -t, -c, you have washed 
yourself, -selves 
cand at sono lavati, they have washed themsclves 
Im per fect 


mi lavavo, T washed myself 
et lavavamo, we washed ourselves 


First Plu perfect 
mi ero lavato, -a, T had washed myself 
et eravamo lavati, -e, we had washed ourselves 

Past Definite 

mi larai. | washed myself 
ef larammo, we washed oursely es 

Secand Plu perfect 
mt fad lavato, -a, Thad washed myself 
e? fummo lavatt, -c, we had washed ourselves 

Future 

mi laverd, | shall wash myself 
et laveremo, we shall wash ourselves 

Future Perfect 
mi saré lavato, -a, I shall have washed myself 
ef saremo lavati, -e, we shall have washed our- 

selves 
IMPERATIVE 
Present 

lavati, wash thysclf 
lavianwei, let us wash ourselves 
Third person: st lavt (sing.) ; 9¢ lavino (plur.). 
Second person plural: Javatevi. 
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SUBJUNCTIVE Moon 
Present 
che tom? lari, hat T wash myself 
the note? laviamo, that we wash ourselves 
Perfect 
che ia mi sta lavato, -a, that T have washed myself 
the not et stamo lavati, -c. that we have washed 
OUPNETY OS 
Im perfect 
se domi lavassi, if T washed myself 
se nodel darassimo, if we washed ourselves 
Plu perfect 
xem fossé lavato, -a, if Thad washed mysclf 
weed fossimo lavati, -e, if we had washed ourselves 


CONDITIONAL Moon 
Present 
mé farerci, T should wash my-elf 
e¢ laveremmo, we should wash ourselves 
Perfect 
mi sarel lavato, -a, | should have washed myself 
eo savemma lavati, -e, we should have washed our- 


REIL eS 
= INFINITIVE Moon 
Present 
Javarmt, -ti, -si, -ef, -rt, to wash mnyself, ete. 
Perfect 


éssermet, tt, -st, -ct, -et lavato, -a, -7, -e, to have 
washed myself, thyself, ete. 
GERUND 
Present 
Invandomi, -ti, -st. -ct, -7t, washing myself, ete. 
Perfect 
esxeralomi, -ti, -si, -ci, -vi lavato, -a, -t, -e. having 
washed nryself, ete. 
PARTICIPLE 
Present 
larantomt, -t, -st, -cr, -rt, washing myself, ete. 
(unused). 
Past PARTICIPLE 
lardtom?, lavdtamt, ete. ; lavatict, lavatect, lava- 
fiat, ete., having washed miyself, ete. (of 
hittle use). 

Many verbs in Italian may be conjuguted with 
mi, ti, at, cf, vt in the same way as the reflexive 
verbs, in order to give more strength to the 
expression. Such verbs are called Pronominal 
Verbs, and must not be confounded with the 
reflexive verbs. Examples: Avevo tanta fame che 
mi son mangtato (instead of ho mangtato) un pezzo 
dt pane intero, 1 was so hungry that I ate a whole 
loaf of bread ; 7% son comprato (instead of ho 
comprato) un bel vestito, T have bought (myself) 
@ nice suit. 


When the vorb conjugated with ci, vi, si ex- 
presses the action of two or more subjects, 
acting the one on the other, tho verb is called 
reciprocal. Examples: Noi ct amiamo, We love 
one another; Hsse st scrivono tutti 1 giorni, They 
write to one another every day. 

It should be noted that many verbs which are 
reflexive in Italian are used in English as intransi- 
tive verbs. Examples: Jo mi rallegro, I rejoice ; 
Io mt maraviglio, I wonder. 

The following are some of the most important 
verbs which are reflexive in Italian but not in 
English : 

accorgers?, to perceive, mt accorgo di 

addormentarsi, to fall asleep, m7 addormento 

affrettars, to make haste, mi affrctto a 

avvicinarst, to approach, mi avvicino a 

dimenticarst, to forget, mi dimeéntico dit 

fidarst, to rely upon, to trust, m7? fido di 

farsi, to become, mi faccto 

fermarsi, to stop, mt fermo a 

indirizzarst, to apply to, mindirizzo a 

onformarsi, to inquire, mtnformo di 

lagnarsi, to complain, mi lagno di 

levarsi, to get up, mi lero 

pentirst, to repent, mi pento di 

sedersi, to sit down, mi seggo (su) 

sermirsi, to use, m7? servo dt 

andarsene, to go away (from somewhere) 

Io me ne vado, I go away (thence) 

andidmocene, let us go sway (hence) 

se ne sono andati, they have gone away 
(from here, there) : 


ExerctsE X XXIII. 


1. Vestitevi stbito, perché dobbiamo andir 
eene. 2%. Vi divertiste ieri sera a teatro? 3. 
Non vi avvicinate troppo alla gabbia 4. Inco- 
mincio a stancarmi; fermiimoci un poco. 5 
Se vuole lavarsi le mani, le dard dell acqua 
ealda. 6. I signori del secondo piano si sono 
lugnati del servizio. 7. Svegliatemi alle sette e 
mezzo domani. 8. A che ora si leva ordinaria- 
mente? 9. Si levi; ¢ molto tardi. 10. Vi 
ricordate di quella signora che cra con no in 
campagna lestate scorsa? 11. Me ne ricordo 
benissimo. 12. Non bisogna mai _ péerdersi 
d’animo nella sventura. 13. Si segga, signora, 
e mi racconti tutto apertamente; lei sa che di 
me puo fidarsi. 14. Mi ascolti, signore, ¢ 
voglia il cielo che non venga un giorno in cui st 
penta di non avermi ascoltato (m.). 


IRREGULAR VERBS 
Second Conjugation 
Verbs in s¢re (long)—continued 


Cadere, to fall 

Ind. Pres. —Cado, cadi, cade, etc. 

Past Def.—Caddi, cadesti, cadde, cademmo, 
cadeste, caddero. 

Future.—Cadro, cadrai, cadra, cadremo, etc. 
e Subj.—Cada, cada, cada, cadsamo, etc. 

Condit. —Cadret, cadresti, cadrebb:, cadremmo, 
ete. 

Past Part.—Caduto. 

Conjugate like cadére: accadére (imp.), to 
happen ; decadére, to decay. 
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Sedere, to sit down 
Ind. Pres.—Siedo and segyo, stedi, stede. 
sediamo, sedete, siedono and séggono. 


I'm perf.—Sedevo, sedevi, cte. 
Past Def.—Sedei and sedetti, sedcati, ote. 
Future.—Sedero, sederai, etc. 


Imperat.—Siedi, sieda and segga, ete., siedano 
and séggano. ; 


Subj. Pres.—Steda and segga, ete., siédano and 
séqganoa. 


Past Part —Seduto. 

Note. When the accent falls on the first. ¢ 
of this verb, this e is changed into de: siedo, 
stéedono ; but sedeéte, sedero. 

Conjugate like sedére: poasedére, to possess ; 
soprassedcre, to supersede, 


2 s 
Rimanere, to remain 


Ind. Pres.—Rimango, rimani rimane, rima 
nramo, rimanete, rumangono. 


Imperf.—Rimanero, rimanevi, ete. 

Past Def.—Rimasi, rimanesti, rimaw, rima- 
nemmo, rimaneste, rtmasero. 

Future —Rimarro, rimarrai, ete. 

Tmperat.—Rimani, rimanga, ote., rimangano 


Subj. Pres —Rimanga, rimanga,  rimanya, 
rimaniamo, rimaniate, rimangano. 


Subj. Imperf.—Rimanesst, ete. 
Condit.—Rimarrei, rimarresti, ete. 
Past. Part. —Rimaato. 


Persuadere, to persuade 

Ind, Pres —Persuado, persuadi, ete. 

Past Def.—Persnasi, persuadesti, 
mersuademmo, persuadeste, persndsero. 

Future.—Persuadero, ete. 

Past Part. —Persuaso, 

Conjugate hike  persuaddrc: 
dissuade. 


Persuase, 


dissuadére, to 


Tacere, to be silent’ 

Ind. Pres. —~Taccto, tact, tace, taciama, taccte, 
tacciono, (The torms tacio, taciono are incorrect ) 

Imperf.—Tacevo, tacem, ete. 

Past) Def.—Tacqui, tacesti, tacque, tucemma, 
taceste, facquero. 

Imperat.—Taci, taccia, ete. 

Subj. Presa. —Taccia, tarcia, tarcia, taciamo, 
taciate, taccvano. 

Subj. Imperf —Tacess, taceasi, ete. 

Pact. Part.—Taciuto. 


Piacere, to please 

Ind. Pres.—Piaccwo, piaci, piace, piacciamo 
miacete, macciono. 

Imperf.—Piacevo, piacem, ete. 

Past Def.—Piacqui, piacesti, piacque, pia- 
cemmo, piaceste, gnacquero. 

Subj.—Piaccia, piaccra, ete. 

Past Part.—Praciuto. 

The compound tenses are formed with éssere : 
sono piaciuto, I have pleased. 

Conjugate like piacére: dispiacére, to dis- 
please. 
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The verbs piacére and dispiacére are generally 
used as impersonal verbs. thus: Jf? dispiace, 
1 am sorry ; ct dispiace, we are sorry, ete. Jt 
piace, J like; gli piace, he likes; Le pracciono 
questé fiori 2? Do you like these flowers ? ete. 


Giacere, to lie down 

Ind. Pres.—Giaceio, giaci, ygiace, giaciamo, 
gincete, giaccionn. 

Past Def.—Ghiacqui, giacesti, giacque, giacemma, 
giaceste, giacquero. 

Im perat.—Gtaci, giaccia, ete. 

Subj. Pres.—Ciarcia, ete., giactamo, gtaciate, 
giacciano. 

Past Part.—Giactuto. 


Valere, to be worth 

Ind. Pres.-- Valgo, valt, rate, valramo, valetc, 
retlyono. 

Im perf.—Valevo, valevi, ralera, ete. 

Past Def.—Valsi, valesti, — ralse, 
watleste, valsero. 

Future— Varro, varrat, varra, rarvemo, ete. 

Imperat, ~Vali, valga, valiamo, valete, valgano. 

Subj. Pres. —Valga, valga,  valga, valtamo, 
valiate, valgano. 

Condit —Varrei, varrestt, ete. 

Past Part. ~ Valeo and raluto. 

Conjugate like valére: — equitvalere, to be 
equivalent; prevalére, to prevail (past pert., 
prevalao) ; invalére, to become prevalent (paat 
part., invalso.) 


Exercise XXXIV. 


J. Questo quadro non vale niente. 2. Tacete, 
le vostre parole non valgono la pena di éxsere 
weoltate. 3. Lo taecio sibito, ma ¢ certo che voi 
non mi persuaderete a fare quello che non mi piace 
di fare. 4. Mi dispiacque tanto che lei non 
rimase con noi Valtra sera. 5. Cadde. ma non si 
fece male. 6. Non vada cosi presto, rimange 
ancora un poco. 7. Non posso dare di pid. 
ccco tutto cid che posseggo. 8. Sappiamo 
quanto valgono Je voxstre promesse. 9. Lo 
persuasi di accettere Timpiego che gli fu offerto. 
10. Se questa camera non Ie piace, gliene dard 
un’ ultra. 


ralemImo, 


Eserc{zio pI LETTURA — continued 


Quel brav’ uomo aveva lasciato un figliuolo 
di stamps ben diversa!, Or dunque, alla 
raccolta?, i] cereatore undd per riscotere la 
meta ch’era dovuta al convento ; ma colui se ne 
fece nuovo affatto’, ed ebbe la temerita di 
rispondere che non aveve, mai sentito dire che i 
cappuccini sapéssero far noci. Sapete ora cosa 
avvenne ? Un giorno (sentite questa), lo scape- 
strato! aveva invitato aleuni suoi amici dello 
stesso pelo’, e, gozzovigliando", raccontava la 
storia del noce, e rideva dei frati. Quei giovi- 
nastri ebber voglia dandar a vedére quello 
sterminato micchio di noci; e lui li mena su in 

raniio’. Ma sentite: apre ldscio, va verso 
# cantaccio’ dov’era stato riposto il gran 
micchio, e mentre dice: guardate, guarda egli 


stesso ec vede . . . che cosa? Un_ bel 
mucchio di foglic secche di noce. Fu un esémpio 
questo % E il convento, invece di seapitare", 
ci gnadagno ; perché, dopo un cosi gran fatto, 
ja cerca delle noci rendeva tanto, tanto, ehe un 
henefattore, mosso # compassione del povere 
cereatore, fece al convento la caritA d’un asino, 
che aiutasse a portar le noci a casa. E si facevr, 
tant’olio, che ogni povero veniva a prénderne, 
secondo il suo bisogno ; perché noi siamo come 
il mare, che riceve acqua da tutte le parti, ec 
la torna ev distribuire a tutti i fiumi. 


Norres. 1. Of a quite different character. 
2. Harvest. 3. But he pretended to know 
nothing at all about it. 4. Seatter-brains 
© Brother spirits. 6. To carouse. 7. Garner. 
8. Corner. 9. Instead of losing. 


CONVERSAZIONE 


A che ora si leva abitualmente ? 

Alle sette sono gid in piedi; mi levo sempre 
molto presto. 

lo invece sono molto pigro, lo confesso. La 
matting non so come decidermi a saltar git dal 
letto. Se devo uscire alle nove. per esém pio, 
we otto ¢ mezzo sono ancora ji; e quindi appena 
ho il tempo di lavarmi ¢ vestirmi. 

Kuna gren brutta ebitidine la sun. Oltre a 
rovinarsi lasalute, perde le pit belle ore del giorno, 
Le ore del mattino hanno loro in bocea, dice il 
proverbio. 

Lei hv regione, ele prometto di corréggermi. 

Mu si segga, signore. 

Grazie ; non posso fermarmi di pit. 

Ripassero di qui questo dopo pranzo e le 
porterd i due romanzi di cui Je parlai. 

Non se ne diméntichi, perch@ non ho niente 
da léggere. 

Kry To Exrroisk NANT. 


1. We were speaking of you. 2. You are very 
kind. 3. Be so kind as to give me that pin. 
4. Exeuse me for not having sent them to 
you earlier. 5. 1 assure you that 1 shall do 
something regrettable if you do not tell me at 
once the name of that man. 6. You are wrong, 
my friend; ask your sister; is it not true, 
Miss N., that you are informed of everything * 
7. You are very ready to speak without being 
questioned, 8. You are the most genial person 
I have ever known; how do you manage to be 
wlways so cheerful?) 9. Your brother told me 
that you had returned to town, and I have 
hastened to come to shake hands with you. 
10. Have you enjoyed yourself these long 
winter months ? 11. Why do you stand at the 
door in the cold? Come in. 12. You do not 
know, and never will know how sincere my 
friendship for your son was. 13. Have the 
kindness to put this letter into the post, when 
you goout. 14. I thank you very much for the 
beautiful flowers you have sent me. 15. You 
believe that everything can be done offhand; 
but time is wanted for everything. 16. Your 
friends beg yu to go down in the garden, if you 
don’t mind. 17. I will show them to you 
(m. and f. sing. and plur.). 


(‘ontinued 
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VERBS—continued 

e Impersonal Verbs 
1. Impersonal, or unipersoneal verbs (rerbes 
mm personnels ou unipersonnels) are intransitive 
verbs used only in the third person singiar, 
oy in the infinitive and participles, which are 
not personal tenses. 
2. The following 

sonal : 

Ta finitive 
pleavotr, to rain 
neiger, to snow 
qréler, to hil 
fonner, to thunder 
geler, to freeze 
dégeler, to thaw 
bruiner, to drizzle 
renter, to be windy 
tn porter, to matter 


verbs are always Imper- 


Iadivative Present 
af pleut, it veins 
i] neige, it snows 
il girdle, it lails 
i tonne, it) thunders 
i géle, it freezes 
il dégele, it thaws 
il bratne, i drizzles 
il vente, it is windy 

Wt importe, it matters 

fallotr, to be necessary il faut, it is NeceKsary 

3. There are a great) many verbs which, 
though not) essentialhy impersonal, are often 
used) impersonally. Of these, the Jollowing 
occur most frequently : 


Indicative Present 
i semblo, it seems 
il parait, it appears 
ronvenir, to be suitable id coneient, it is suitable 
arriver, 1o happen i arrive, it happens 
wagir de, to be the ques- 7 sagit de, the question 

tion 1s 

se trouver, to be found — il se trouve, it in found 

4. The third person singular of éfre, to be, 
is used to form impersonal expressions : J] cf 
wat que je auts son ami, VW is true Tam his 
friend. A voir, preceded by y, is used imperson- 
ally, with the meaning of “to be“: My aun 
Pieu, There is a God. Faire, to make, is used 
impersonwlly, with the meaning of “to be” 
in a@ number of expressions chiefly referring to 
the state of the weather: /7 fait beau, Tt is tine ; 
It fait mauvais temps, It is bad weather; // 
fait froid, His cold. 


Pleuvoir, to rain 
Parts: Pleavoir, plowrant, pla, ol 


Tnfinitive 
sembler, to seem 
paraitre, to appear 


Principal 
pleut, ib plut. 
INDICATIVE » 


SIMPLE TENSES COMPOUND TENSES 


Present Past Indefinite 
if pleut, it reins ha plu, it has rained 
Tm perfect Plu perfect 
il pleuvait, it was il avait plu, it had 
raining rained 


Past Anterior 
al cut plu, it had rained 


Future Anterior 
itLawma plu, it will have 


Past Definite 
il plut, it reined 
Future 
gl plenvra, it will rein 


rained 
(‘ON DITIONAT. 
Present Past 
il pleuvratt, it would il auratt plu. it would 


rain have rained 


SUBJUNCTIVE 
, Present 
quil pleuve, that it may rain 
Past 
qe il ait plu, that it may have rained 
; Imperfect 
qail plat, that it might rain 
Pla per fect 
quil cat plu, that it might have rained 
Falloir, to be necessary 
— Principal Parts: fallot (no pres, part.) falti, 
UW faut, at fallut. 
INDICATIVE 


SimeLe TENSES COMPOUND TENSES 


Present Past Indefinite 
fant, it is neces. ff a falie, it Nas heen 
sary Necessary 
Jin perfect Player fect 
il fallait, owas neces. i] avait) falluy Thad 
NEV heen necessary 


Past) Anterior 
Hecut falla, it Wad been 


Past Definite 
Hf fallut, W owas neces 


na;ry heeessary 
Kuature Future Anterior 
tl fandra, it will be aura fallu, it will have 
NECESSALY been Neeessary 
CONDITION AL 
Present Past 
al faudrait, it would be flauratt fallu, it) would 
necessary have been necessury 
SUBIUNCTIVE 
Present Past 


qu ilait fallu, that it may 
have been necessary 


Im perfect Plu per feet 
qu il falldt that it might gad edt fallu, that it 
be necessnry might have been 
NeEcessuyy 

Uses of Falloir. J. fulloir is frequently 
equivalent to the English verb “must.” Jn 
that cane the subject of “ must becomes the 
subject of the tollowing verb, which requires 
to be in the subjunctive: Jd faut que je réponde 
asa lettre, Vo must answer his letter; // faut 
que les enfants sotent obéissants, Children must 
be obedient. 

2. When the statement made is general, or 
when the person on whom the obligation falls is 
sufficiently indicated by the context, the second 
verb may be in the infinitive: J/ faut obéir aur 
luis, We must obey the laws; Jes enfants, il 
faut vous coucher, Children, you must go to bed. 

3. With the infinitive construction, the person 
indicated by the subject of “ must” may be 
indicated by an indirect object, or dative : 
I] me faut sortir, 1 must go out. 

This construction is not, however, a very 
common one, and can be used with a pronoun 
only, not with a noun. 

4. In the past and future, fglloir cannot be 
translated in English by “must,” bat may be 
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qual faille, the it muy 
be necessary 
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rendered by the suitable tenses of “‘ to have to.” 
Il faudra nous dépécher, We shell have to make 
haste: Il a fallu qu'il me le donndt, He had to 
give it to me. 

5. When falloir is followed by a noun, it means 
“to want, “to require.” In that case, the 
subject of the English verb is expressed by an 
indirect object, or dative, and is placed before 
fallotr, if it be a personal or relative pronoun, 
but after it if it be a noun: Jl me faut dautres 
livres, I require other books; Vorci Véléve a 
qui al faut ane grammuaire, Here is the pupil 
who requires a grammar; JI faut une nouvelle 
robe a ma acur, My sister requires a new dress. 

G. Fallotr is used idiomatically in the following 
expressions : 

(a) S’en falloir de beaucoup, To be far from ; 
Tl s’en faut de beaucoup que la somme y soit, The 
sum is far from being complete; J] ne sen faut pas 
de beaucoup que la somme n’y soit, The sum is not 
far from being complete (lit., from being there). 

(b) S’en fallotr de peu, or peu sen fallotr, not to 
be far from, to want but little, to benear. Pew sen 
fallut qaeil ven mouritt, He was near dying of it. 

(c) Tant sen faut, so far from, far from it, 
by a long way. Tant s'en faut quil consente, 
quwau contraire il fera tout pour Pempécher, He 
is ao far trom consenting, thet, on the contrary, 
he will do everything to prevent it; Jls ne nous 
ont pas payé tout ce quils nous devarent ; tant 
s’en faut, They have not paid us all they owed 
us; far from it (by a long way). 

7. Comme tl faut (pronounced ko-mi-f6) is used 
as a qualificative, with the meaning of “ respect- 
able,” ‘ gentlemanly,” “ ladylike ” ; and also as 
an adverbial phrase signifying “suitably,” 
“properly”: C'e sont des gens tiés comme i 
faut, They are very respectable people; C'est un 
homme tout & fait comme il faut, He is quite a 
gentleman. Elle a Tair trés comme il faut, She 
looks very ladylike. 


EXERCISE XXX. 


1. The earth is warmed (échauffer) by the sun. 

2. The egoist (égoiste) is loved by (de) nobody. 

3. Figures (le chiffre) were invented (inventer) 
by the Arabs (Arabe). 

4. The woman was deceived by the serpent 
(le serpent). 

5. Thunderstorms (un orage) sre foreseen 
(prévu) and announced by the swallows 

6. America (l’Amérique) was discovered 
(découverte) by Christopher Columbus (Christophe 
Colomb) in 1492. 

7. Printing (?imprimerie, f.) was invented by 
Gutenberg in the fifteenth century. 

8. The Cape of Good Hope (le cap de Bonne- 
Hapérance) was doubled (doubler) tor the first 
time by the Portuguese (Portugats). 

9. When did you come back from Paris ? 

10. What day did your friends leave (partis) 
for London ? 

11. Since the comet (la coméée) has (is) appeared 
Se drat a crowd (la foule) of people pass the 
night (a) looking at it. 

12, When we arrived at the station (la gare) 
the train (Je train) had already started. 

13. It seems that the sun turns (tourner) 
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around (autour de) the earth, when, on the 
contrary (au contraire) it is certain that it is the 
latter which turns around the sun. 

14. If it freezes (in) the morning, it is often 
fine all day (journée, f.). 4 

15. A door must be open (ouverte) or closed, 
says a French proverb. 

16. I have told you everything. What (of) 
more do you want ? 

17. That is just what I require ; thanks (merct). 

18. His friends are very respectable people. 

19. He was very near being killed (tuer), 

20. To (pour) speak well, it is necessary to 
say what is required, all that is required, nothing 
but (rien que) what is required, and to say it 
suitably. 

IRREGULAR VERBS 

Amongst the verbs classed as irregular there 
are some of which all the tenses are formed 
quite regularly from the principal parts, 
but in which these principal parts themselves 
present some peculiarities. As regards these 
verbs, it will be sufficient to give the principal 
parts, together with the three persons singular 
of the present indicative. No such verbs occur in 
the first conjugation, and the third has only two. 

Second Conjugation. 1. ASSAILLIR, to 
esseil, assailant, assatlli, fassaille, tu assailles, 
il assaille, jassaillis. Some grammarians give 
an irregular future, jassacllerai, instead of 
jassatllirar, 

2. Bourtrir, to boil, bouillant, boutlli, je 
bous, tu bous, tl bout, je bouillis, This verb is 
intransitive, and its use is consequently practi- 
cally limited to the third person. ‘* To boil” as 
a transitive verb is faire bouillir, “‘to make boil.” 

3. CoUVRIR, to cover, couvrant, couvert, je 
couvre, tu couvres, il couvre, je courris. 

4. Dormir, to sleep, dormant, dormi, je dors, 
tu dors, tl dort, je dormis. 

5. Furr, to flee, fuyant, fut, je fuis, tu fuis, 
al futt, je fuss. 

6. MENTIR, to tell a lie, mentant, menti, je 
mens, tu mens, tl ment, je mentis. 

7. Orrrin, to offer, offrant, offert, offre, 
tu offres, il offre, j offris. 

8. OuvrRir, to open, ouvrant, ouvert, Pouvre 
tu ouvres, tl ouvre, 7 ourris 

9. PaRTrR, to set out, partant, parti, je pars, 
tu pars, al part, je partis. 

10. SENTIR, to feel, to smell, sentant, senti, je 
sens, til sens, il sent, je sentis. The reflexive verb 
se repentir, to repent, is conjugated like sentir. 

1]. SeRvir, to serve, servant, servi, je sers, 
tu sers, il sert, je servis. 

12, Sortrir, to go otit, sortant, sorti, je sors, 
tu sors, tl sort, je sortis. 

13. Sourrrir, to suffer, souffrant, souffert, 
je souffre, tu souffres, il souffre, je souffris. 

14. TRESSAILLIR, to start, to shudder, is con- 
jugated like assasllsr. 

15. Véttrr, to clothe, vétant, vétu, je véts, tu 
véts, il vét, je vélis. ra 

Third Conjugation, 3. Povurvorr, to 
provide, pourvoyant, pourvu, je pourvois, tu 
pourvots, tl pourvoit, je pourvus. 

2. Privorr, to foresee, prévoyant, prévu, je 
prévois, tu prévois, sl prévoit, je prévis. 


EXERCISE XXNI. 

1. Our brigade will attack (assaillir) the enemy 
in his retrenchments (le retranchement) to-morrow 
morning. 

2. few shots (coups de feu) are fired (go off) ; 
at this noise Napoleon starts. The Russian 
(de Russie) campaign (la campagne) is opened. 

3. Everybody (tout le monde) knows (sait) 
that it was Christopher Columbus who discovered 
Amerien. 

4. He never opens his mouth without saying 
some foolish thing (Ja sottise). 

©. The noise that was made (se faisait) in the 
meeting (une assemblée) covered the voice of the 
speaker (orateur). 

6. It is certain that the sea formerly cov ered 
a preat part of the inhabited (dabiter) earth. 

7. The water would boil more quickly if you 
lighted (allumer) a good fire. 

8. Francis (Francois) 1. slept on a gun-carriage 
(un affiit) the night of the battle (la bataille) of 
Marignano (Marignan). 

9. We fall asleep (sendormir) every evening 
whilst he reads (Jif) the paper (/e journal) to us. 

10. When we were young we used to sleep 
{welve hours without awakening (se réveiller), 

1]. Isaac having asked his father where the 
vietim (la victime) was which was to be saert- 
ficed = (tmmoler), Abraham answered: “God 
will provide for (to) it.” 

12. Charles the Bold) (Téméraire) perished 
(périr) before Nancy, betrayed (f(rahir) by a 
Neapolitan mercenary (un mercénaire na polt- 
tain) and killed whilst (en) fleeing after the battle 
by a gentleman of Lorraine (gentilhomme lorrain). 

13. Let us flee together to the depths (/e 
fond) of the forests ; it is better to trust (se fier) to 
tigers than to men. 

14. There are people (gens) who lie simply 
for the sake of (pour) lying. 

15. Satire (la satirc) lies about (on) men of 
letters (gens de lettres) during their life, and praise 
(?éloge) lies after their death. 

16. He has been offered a situation — (dae 
place) in Paris, but he does not wish (desi ev) 
to leave (quitter) London. 

17. It is useful for (to) the proud (/e superbe) 
to fall, because their fall opens their cyes. 

18. We (on) are usually (ordinatrement) less 
grieved (fdché) when we go awey than when 
we see (voit) (others) go away. 

1). We ought to have started for the country 
yesterday, but we shall start to-morrow ouly. 

20. When you (sing.) tell a lie, does not your 
conscience (la conscience) reproach (reprocher) 
you (with) something, and do you not repent 
immediately ? 
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21. Phe judge who is faithful to his dutv 
(le devoir) feels neither regrets (le vegret) nor 
anger (courrour, m.). 

22. There are people who seem to think 
(rrowre) that the happiness of serving them is 
w sufficiently (asacz) high reward (da récom pense) 
for those who serve them. 

23. Go out when you like (eoudrez), but T 
warn you (arertir) that | shall go out only 
witer you (shall) have (be) gone out. 

24. Is it worth while (da peine) to live (vinre) 
when we (one) suffer ? Yes, for we always hope 
that we shall not suffer to-morrow. 

25. ‘The misfortune (fe malheur) of those people 
who know all (it) is that they never foresee 
wnvthing. 

Kry to Exercise XNIN, 

1. WT me semble que jai déja vue eette dame. 
Comment s‘appelle-t-clle ? 

2. Les vaineus ne se sont) pas moins bien 
battus que les vainqueurs. 

3. Liennemi sest empare de la ville aprés 
un long si¢ge, pendant lequel les habitants ke sont 
défendus aussi courageusement que les soldats. 

4. Nous nous deéfions trop des autres, et 
nous he nous meéfions pas assez de nous-méemes. 

» Wey ia des hommes qui se glorifient plus 
de leurs défauts que de leurs bonnes qualités. 

6. Aide-toi, le ciel Caidera, dit le proverbe. 

7. Elles xe sont) apergues de leur erreur, 
mais il était trop tard. 

8 Un éerivain a dit que si nous nous vantous 
souvent de ne point nous ennuyer, c'est parce 
que nous sommes si gloricux que nous ne voulons 
pas nous trouver de mauvaise compagnie, 

9% A quehe heure vous Jevez-vous ordinaire- 
ment % Nous nous levons  ordinairement iv 
sept heures, et nous nous couchons rarement 
avant onze heures et demic, 

10. De grands motifs peuvent nous engager 
a nous humilier, aueun a nous avilir. 

1H. Les Romains, apres seétre empares ce 
la Gane, fui donnérent en peu de temps leur 
civilisation. 

12. Th vaut mieux seaposer at Pingratitude 
que de laisser sans secours un malheareus, 

13. Lohistoire nous dit quail via eu dex roi. 
qui se sont dévoués at le mort pour te salut de 
leur peuple. 

14. Ty a bien de la différence entre se plaire 
aun travailet y étre propre. 

15. Nous sommes si accoutuames a nous 
déguiser aux autres, quentin nous nous déguisons 
# NOUs-MEMEeHS. 

16. 11 est aussi facile de se tromper sol- 
meme sans sven apercevoir, quill est difficile 
de tromper les autres sans quills sen apereoivent, 


Continued 


Continued fram 
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GERMA 
* xcVv. Principal Rules of German 
Punctuation. The full stop (.) is employed 
at the end of a complete sentence, and after 
inscriptions, abbreviations and numerals, as in 
English. Examples: Der Bater fount heute. 
Gr bat midy ihn gu befuden, The father 1s coming 


By P. G. Konody and Dr. Osten 


fu-day. He asked me to eall on hin, ete. ; 
u. f.w. (abbreviation of uno fo weiter, and so forth); 
3. B. (gum Beifpiel, for example); dev 15. Mugur. 

The mark of interrogation (/) is put after an 
interrogative sentence ; and the mark of excla- 
mation (!) after expressions of command, desire, 
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joy, grief, and after addressing persons in letters 
(Lteber Wrennd! ote.). 

The comma, the semicolon, the colon, and the 
full stop indicate pauses in the sentence. The 
shortest pause is denoted by the comma, the 
longest by the full stop. The use of the comma 
in (german differs from the English. It is em- 
ployed (a) in enumerations. Example: Dauner, 
Krauen, Madden, RKnaben cilter unther, Men, 
women, gitls and boys were running about. 
(6) Between principal sentences and subordinate 
clauses. Examples: @r bat mid, daf ich tommen 
mége, Ho hegged me to come. Dies ift der Mann, 
der mir ben Wey zeigt, This is the man who 
showed me the way. (c) Whena co-ordinate or 
sttbordinate clause contains a new subject and 
predicate. Examples: Der Vater fagte mir nidte, 
uid and) bie Mutter fdywieg, Father said nothing 
to me, and mother, too, kopt silent. (d) With 


quotations. Example: icv bin ich, fagte er, Here - 


T am, he said. 

The semicolon and the colon are used for 
indicating longer pauses in complicated com- 
pound sentences, for the sake of the clearer 
articulation of the sontence ; and the colon is 
also used to introduce enumerations. 

All other signs are used exactly as in English. 

XCVI. German Correspondence. 
The mode of address in German business letters 
differs from the English form in so far as it is 
customary to use only the name of the addressee’s 
firm, and not the additional address of civility, 
Sir,” or ,, Dear Sir,” or ,, Gentlemen”. 
On the other hand the signature is frequently 
preceded hy expressions of courtesy, which 
would sound ridiculous if literally translated 
into English: odadtungévell (full of high 
esteem); Crgebenft (most devotedly) ; Dtit dem 
Musdrice arnfricdtiger Wertfddgung (with the 


Private 


Vieber Freund! Sehr geehrter Perr! 
MMertefte guadige Frau! Lieber Guftay! Ltebjte Rareline ! 

Ju meinem lebhaften Bedaucri ift es mir infelge 
cined unvorhergefehenen Brwifchenfalles ammoglidy ge 
worden, wunfere Verabreding eingubhalten. Bch ware 
troftlog, wenn dadurdy in Ahre Gintetlang eine Storing 
qetragen iwitrbde, allein cs ift mir beim beften Willen 
nidt méglich, an der Partie teilgunelmen. Ach beffe, 
bap Sie eine angenchme Bahrt und einen gufrieden 
jtellernden Aufenthalt habew werden. 

Sn alter Herz lichfeit 
Sehr geehrter Here! 

Meine Fran und. id witrden amy anfrichtig freven, 
went Sie une dad Vergniigen machen wollte, ut ung 
ant nadiften Sonntag, den 12., unr 1 Whe, ae fpeifen. 
Wir haben einige Freunde cingeladen, dte es fi) zur 
(Fhre anrvedhnen werden, Shre Befanntidhaft gu maden. 

An aufrichtiger Grgebenheit 


Herren A. & B.! 

Mn heflider Grledigung Sip aeag Shrer 
gefdrigten (geehrten) Sufdhrift vem 4. bd. DM. (diefed 
Monate [vem 4. v. M. (vorigen Monata)] beehre th 
mid, Dhnen nal Sidle [angngeigen, Sie gu benad)- 
richtigen, Sie in Renninif gu fepen], bas dte intr gu: 
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expression of sincere valuation); tit det 
Verfiderung vorgiiglider DHechadhtung (with the 
assurance of excellent high esteem); etc. In 
private letters without distinct commercial cha- 
racter, the style of address is: Sehr geehrter Herr ! 
Dear Sir (very honoured sir) ; Werte guadige Frau! 
Dear Madam (esteemed gracious madam); Sehr 
gechrted gnabdiges Fraulein! Hodgefhagte Fran! ete. 
This address is always followed by a note of excla- 
mation. The signature is again preceded by the 
customary terms of courtery, as in business 
letters. It is not considered very good form 
to begin private letters with the personal pro- 
noun ,Jd)“. 


Key Tro Exercises 1n EXAMINATION 
Paver XXIL1. (Pacts 4220-1) 


EXERCISE 1 (a). Sd) faufte den Hut ur vent (se 
fcbafte, bas (or weldhes) fid) nebenan befindet. Dice 
widerfubr mir, der id) Dod), ete. (Er ftellte mir ferne 
rat vor, die (or welche) id verher, etc. Dies ift rer 
Mann, deffer Sohn, ete. Dies tft die Banerin, reren 
Zodter, ete. Das war Mles, was ich erfahren founte 
Das fagen Sic, der dies doch beffer wiffen follte? Das 
fagte der Mann, der (or welcher) dies hatte beffer wifiin 


miffen. Das Mliigite, was wir tun fenen, ift, abyu 
retfen. (S¢ gab nichts, was er nidst wugte. 


(b) Ady fanfte bem Out in dent efchafte, das fitch 
nebertan befindet. We WMtithe, die param gqewender 
wurbe, war vergeblid), or Alle Miihe war vergeblich, 
Die Datan, otc. Dd) befolate der Mat, der mir erteilt 
worden war (or twurde). Cie fchenfte ihm eine Moye, 
welche numberbar duftete. Gr geigte mir ben Weg, 
welcher der Fitrgefte war. 

EXERCISE 2. Sch fiihlte mid) fo wohl, wie ein Fifh 
imt Waffer. Ih fiihlte mid) wohler, als ein Fifa) im 
Waffer. Wie die Sonne aus den Wolfen bricht, fo 
trat die Wee, etc. Unfer Garten tft weit fcbener als 
per feine. (Fe liebte thn, wie et Bruder ben andert. 


Letters. 


Dear Friend, Dear Sir, 
Dear Madam, Dear Gustave, Dear Caroline, 


To my greatest regret, unforeseen circum- 
stances make it impossible for me to keep to our 
arrangement. JT should be sorry if this were to 
upset your plans, but I cannot possibly make 
one of the party, much as I should like to do so. 
T hope that you will have a pleasant journey 
and a satisfactory holiday. 


Most cordially yours, 


Dear Mr. . . . . ., 

My wife and I would be delighted if you 

could give us the pleasure of dining with us 

next Sunday, the 12th, ‘at 1 p.m. We have 

invited a few friends who will feel honoured to 
make your acquaintance, 

Most sincerely yours, 


Messrs. A. & B., 6 

In [courteous] reply to pt favour [esteemed 
letter] of the 4th inst. [of the 4th ult ] I beg to 
[have the honour to] inform you that the goods 
forwarded to me are only partially up to sample. 
The sizes, as well as the quantities and qualities, 


geiitteltes Waren mar gum Tele mnptergemag fine. 
Sewohl vie Mafe, als andy ote Nanuern und vic 
Craarlitdtern entipredben atest nreiner Morven Reifenten 
erteiften Orore de dato 2. Maid. A. (diefes Aabves). 
ML Ber Antage [Beigeieloifen) finden Sic cine Moypre 
mteintes auf rand Mhrer Diaiter ertetlten WUuftrages 
nebit Mufitelling ber tathddslidy gelicferten Waren. 
‘Wallen Sie deumady unigelhend$ dre Keblende nadvlicfern 
UND ither due Nichtbeftellte and MearftersUngenrife dio 
penicven. Die Zahlung erfolat uaturgemag erft, fobate 
die Ovodre fomplett und anftragegemas effeftaivt it. 

Durdy bie Mngenanigfeit te der Muspfirhramg meter 
Beftel Lang fad aniv Unamnehralicfeiten erwadsyen any 
co ware, wenn anfere Verbirdung auprede erhalten 
werden poll, switfdrenswerr, went feldse  Arveiuner 
Stdrangen| te Qufunfe verneteden wire. 

Morven qeyel. (qerhagter) Nadvrieeten cregqeenpehene 

Seda ditiaqyevel lund ergevenit 


e s . ° se e ° 


' 


ANTICH s i 
Mt Dent Befise Mover qepee Qaferute went, 6... 
qelangt, Gabe ywir yor Der ate DALE ayifirten Ont 
wane wen £287.16.10 of (Creve) Vruver Mellwalo 
& Gve., Berlrr, pret Menate & dato, Netky qenonutien, 
MND WHT werden More Atelarg gilatten Mover w, (weerten) 
Mecha guy Sort curlefer. 
Ju Abren Dicniten ftets gerne beret, gcicenen wn 
Hohadtunagyell 


Serre PB. Warten & Ooe., Berlin. 

Bon per Dentfchen Bank ie Berlin tt ans beater 
shrew. Mecarniig cin Sheet £648.14.) gngeqanaen, 
De Wir gt Musqletce Abres Routos vevwendet Haber 
Abrem gefalligen weitere Yartrragen mite Berqnaqen 
curgejentfehend, setdutent wir 

Hochadstungevell 


Herr Dr. chem. Sofef Yippnrann, Frautiuare a. WM, 
Wir empfiuget Shr qefdastes COffert wom... . une 
find nidyt abgeneryt, rer Frage AMhves Sugagements tity 
unfere Habrifen mater yu treten. Wie ans dew une yu 
qentittelten Seuguijfen erfidtlich, habe Sie te wntierer 
Sperial Brauche fdyon gearbeitet, und demnad) diirfte 
Ayre Quatrfitation fir ote Bediirfucffe unferces Vetvicbes 
im Mropen und Sanger anger Srweitel tether. Yb 
gefeten vert Per Donvviring, dte den Hegenstand weiterer 
Verhandlungen swifden uns zu hilden hatte, fdvetue 
Uns Bie Frage yew dev Daner des Gngagentents wer be 
jendever Widdtiqheit. Wr legen auf cine dret bts 
fiinfjabrige Sngagements- Taner Sewidet wunp erbitten 
Unis Syre freundliche Mitterlung, ob Sie qeneigt fin, tid 
fiir cine dDerartige Periode gu verpplidten. Die in Morem 
Ooffertidireiben dargelegten Witnfdre baarpiebelrdy der 
Monen beiguitetlenden wiffenfcraftlichen Laborat vim 
Belelfe ete. werden nad Tuntidfert Veructitdriqung 
fiuden. 
Hochacranggsvel ( wurd ergebertt 


Merven 2. ww 
Shren werter MAuftrag de dato ...., fenten wir 
gu nnferem Bedancrn erft ut dex grweiten Halfte des 
nadhften Aahres ausfiihren, da ver Auffdwang in der 
Vertilwaren:suduftcie im Anlande unfere Produftion 
bes gn diefem Seitpuntte velimandig in Mnfprud 
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do not conform to the order given by me to 
your traveller on the 2nd of May last. Enclosed 
vou will find a copy of my order based on your 
samples, together with a list of the goods actu uly 
delivered. Will you jin accordance with this 
list | mike up the deticiency and dispose of the 
goods not ordered 2? Payment. will, of course, 
only follow when the delivery has been eom- 
pleted according to order. 

The irregularity (inexactness) m the execution 
of my order his caused me some unpleasantness, 
and if our relations are to be continued (kept 
up) it would be desirable if) sueh errors were 
avoided in future. 

Await ng the favour of your esteemed reply, 

|} aan] 


Yours very truly, 


Messt's fe. 

We beg to acknowledge reeeipt of your favour 
of the 2... inst. in whieh you advise us of your 
draft on ous of £287 168. 10d. to the order of 
Brothers Hellwald & Co., Berlin, three months 
from date, which will be duly honoured) and 
debited to your account 

[Always at your service] we remain 

Yours very truly, 


Messrs. P. W. & Co, Berlin. 

We have received to-day from the Deutsche 
Bank, Berlin, a cheque £648 J4s, Pld. in full 
settlement of your account. Anticipating the 
favour of your further esteemed orders, 

We are, 
Yours faithfully, 


Dr. Josef Lippmann Frankdurt-a -M. 

*We are in receipt of your esteemed application 
of the... . inst.. and are not dixinelined to con- 
sider the question of your engagement for our 
factories, ft appears, from the testimonials you 
have sent us, that you have already worked in 
our special line, so that your qualifications for 
the requirements of our works appear to be on 
the whole beyond doubt. Apart) from the 
question of salary, which would have to be 
discussed at a later date, the duration of the 
engagement seems to us an essential point. 
We attach great importance to a three to five 
vears’ engagement, and shall be glad if: you will 
kindly Jet us know whether you feel disposed to 
bind yourself for this term = We shall give due 
anh nation to the wishes exprers doin your 
applicetion regarding the seientifie inppliances to 
be supplied by us 

Yours very truly, 


Messrs. 2 0.0. 0. 

Weare sorry to inform you that your esteemed 
order of ...... cannot, be executed before the 
second half of next year, as the boom in the 
textile industry for home consumption will fully 
absorb our output up to that date. Should your 


4365 


LANGUAGES—SPANISH 


nimntt. — Fallé he Bedarf nidit unmittelbare Decking 
notiy made, wird es und frenen, Ahnen ab Gunde Sunt 
1907 dierlid) fein gu formnen. 
rhrer gef. Meinungsauferung entgeqentehend 
Hochachtungévoll und ergebenit 


Merve. wwe, 

Mit SGegemwartigent erlaubhen wir uns die ergebene 
MAnfrage, ob Ste wu der Lage waren, den Ahnen mit 
feparater Poftfendung gugehenden Mertifel in groferen 
Cuantitdten hergzuftellen, Wir erbitten uns in diejem 
Halle Gegeumufter mit genanefter Berechnung des 
Prerjed umd WArngabe bes Lrefertermined. Wir haber in 
Drejem Mrtifel ermen bedewtenden Usmijag und fonnter 
forvenivenden Galles qrofe Ordres erterlen. Wis legen, 
wie fest {chon ansdruclich erwahnt werden mag, anf 
ftriftefte @inhaltung der Qualttat nach Mufter, fomre 
anf prompte Lteferung das qreste Geierdyt. Die 
sahlung erfolgt gegen Ladefdyern. 

Shrexr freundl. poftwendenden Verftandiqurrg entycqen 
febrend Hodachtungevell und er gebenft 


Herren S. Winkler & Go., Lerypyzty. 

At Hofl. Beathwortiung Ihrer Yayerge in der Dentichen 
Hardels- Beitung yom ..... erlante td) ntiv Ierdind), 
Vbnen meine Dienste als enaglifder Kerrefpondent anu: 
bicten. dy Habe, wie Sie ane veiw betfolgenden Mb- 
febriftent meiner Seugqniffe quttgit erfelen wollen, tn 
denttfcden Oarfern als engliycher Rorrefpondent berets 
ferviert amd bin beider Epraden in Wort und Sebrift 
vellfommen madticg. 

hrev gefchagten Memnungdaufernng fieht entgegen 

Hocwudtungevoll und ergebenft 


demand not require immediate supply, we shall! 
be pleased to be at your service after tho end 
of June, 1907. 
In anticipation of your esteemed reply, 
We are, Yours very truly, 


Dear Sirs, 

We take the liberty of asking you whether 
you are in o position to produce large quantities 
of the article sent to you in a separate parcel, 
in which case we shall be glad to receive sample 
with lowest quotations and date of delivery. 
We have a large turn-over in this linc, and are 
in & position to place large orders if suited 
We may mention at once that we attach the 
greatest importance to the goods being up to 
sample, and to prompt delivery. Payment on 
bill of Jading. 

Awaiting your reply by return of post, 

We are, 
Yours very truly, 


Messrs. S. Winkler & Co., Leipzig. 


Gentlemen, 
In reply to your advertisement in the 
“Deutsche Handels-Zeitung” of the..... I beg 


to offer you my services as English correspondent. 
As you may see from the enclosed copies of my 
testimonia!s, I have already served with German 
firms as English correspondent, and can speak 
and write both Janguages fluently. 
In anticipation of your esteemed reply, 
I am, ours very truly, 


° e e ° e 


Concluded 


SPANISH 


“wiz By Amalia de Alberti 6 H. S. Duncan | 





IRREGULAR VERBS 

The Spanish irregular verbs are very numerous, 
hut excepting a few, which are not classifiable, 
they mey be divided into several classes, follow- 
ing easily definable rules. 

Clase I. Verbs of this class expand the 
radical vowels e and o into ze and we when the 
stress falls upon them and not upon the verbal 
ending. The radical vowel is that which lies 
nearest the end of the verb stem, found by 
suppressing the infinitive ending; thus, in 
acord-ar, to agree, the radical vowel is 0, which 
becomes we whenever the stress is laid upon it. 
In all these verbs the accent falls on the radical 
vowel throughout the Indicative Present, the 
Subjunctive Present, and the Imperative, always 
excepting the first and second persons plural. 
In all other tenses, the accent falls on the verbal 
ending, so that, with the above cxceptions, 
these verbs follow the rule of their regular 
conjugation. Examples: 

Cerrar, to shut 

Ind. Pres.—cierro, cterras, cierra, cerramos, 
cerrais, cterran. 

Subj. Pres.—cierre, cierres, cierre, cerrémos, 
cerrets, cterren. 

Imperat.—cterra, 
cierren. 
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cterre, cerremos,  cerrad, 


Perder, to lose 
Ind. Pres.—pierdo, pterdes, pierde, perdemos, 
perdeis, pierden. 
Subj. Pres.—pierda, pierdas, pterda, perdamos, 
perdais, prerdan. 


Imperat.—pierde, 
prerdan. 


pterda, perdamos, perded, 


Acordar, to agree 
Ind. Pres.—acuerdo, acuerdas, acuerda, 
damos, acordais, acuerdan. 
Subj. Pres.—acuerde, acuerdes, acuerde, acor- 
demos, acordets, acuerden. 
Imperat.—acuerda, acuerde, acordemoa, 
dad, acuerden. 


acor- 


acor- 


& 

Morder, to bite 

Ind. Pres.—muerdo, muerdes, muerde, 
demos, mordeis, muerden. 

Subj. Pres.—muerda, muerdas, muerdas, mor- 
damos, mordats, muerdan. 

Imperat —muerde, muerda, mordamos, morderl, 
muerdan. 


mor- 


Remarks. All verbs of this class observe 
the euphonic changes in spelling already given 
for the regular verbs. Thus, rogar (to beseech), 
besides expanding o into we, follows the ordinary 


rule for verbs ending in gar, chanuing the g into 
gu before e, thus: 

Ind. Pres.—ruego, rnegas, rucga, ragdmos, ce, 

Subj. Pres.—ruegue, rueges, rucgue, roguemos, 
rogiely rueguen. 

Im perat.—rueya, 
rueguen 

When in verbs of this class the radieal vowel 
048 preceded by gy, the expansion into ve takes 
a diwresis wherever it occurs. Example: 


Degollar, to behead. Jad. Pres. deyiiello, 
degtiellas, degiiella, degollamos, degollais, degiicllan, 

The verbs oler, to smell; desosar, to bone ; 
and desuvar, to spawn, take an / wherever the o 
is expanded into we, thus: 

Ind. Pres —huelo. hucles, hide. olemos, olets, 
huelen. 

In the verb errar. to miss, whecever the «is 
expanded into fe, ¢ becomes the initial letter, 
and is therefore written and pronounced y. thus : 

Ind. Pres.-- yerro, gerras, yerva, crramos, Crrars, 
Yerran, 


Notr. 7 is also changed into y in other verbs 
when the stress falls upon the verbal termination 
begining with the diphthongs 7e or io. Example: 
creer, to believe : creyendo, believing. 

The verb jugar, to play, formerly spelt with 
ano, is included in this class. 


Class II. This class consists of verbs otf 
the third conjugation only. with the radical 
vowels e and o. 

Besides expanding these vowels into te and i 
when the stress falls upon them, these verbs 
shorten ze and ue into ¢ and w in the first and 
second persons plural of the Subjunctive Present, 
the first person plural of the Imperative, and 
throughout the conjugation whenever the verbal 


ruegue,  roqguemus, rogad, 


ending contains the diphthongs fe or fo. Ex- 
ample: 
Sentir, to feel ; Gerund, sintiendo 

Tnd. Pres.—siento, stentes, siento, sentimos, 
sentia, stenten. 

Past) Def.—senti, sentiste,  sintio.  sentimos, 
sentisteis, sintieron, 

Imperat.—asiénte, — sienta, — stutimos, — sented. 


srentan. 
Subj. Pres.—asienta, sientas, si¢nta, seitamos, 
sintdts, sientan. 
Subj. Imp}. ((1) sinticra, stuticras, sinticra, sin- 
( fi¢ramos, sintiérais, sintieran. 
Pre (2) sintioxe, stntieses, sintiexc, sin- 
| tidsemos, sintiCsers, atnticsen. 
Subj. Fut.—aintiere, sintiercs, sintiere, sin- 
ti¢remos, sintiéreis, sinticren. 
The imperfect and futare of the Indicative 
and the Conditional are regular. 


Dormir, to sleep. Gerund, durmiendu 


Ind. Pres.—duermo, duermes, duerme, dormi- 
moa, dormis, duermen. 
@ Past Def.—dormi, dormiste, durmid, dormimos, 
dormistets, durmveron. 

Imperat.—duerme, duerma, durmamos, dormid, 
duerman. 

Subj. Pres.—duerma, duermas, duerma, durma- 
moa, durmais, duerman. 
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Subj. Impf. ¢ (1) durmica,  durmieras, — dur- 
miera, ae, 

sar wg |° durmiese,  durmicses, day 
meiese, ete, 

Subj. Fut.—durmicre, durmieres, durmicre, 


durmicremons, ete. 


Notre. A few verbs of the third conjugation 
ending ino quirir, expand the radienl ¢ into ie 
when the accent falls on it, but are otherwise 
regular. Example : 


Adquirir, toobtain Jad. Pres.--adquicro, ad- 
quieres, adquicre, adquirimos, adquiris, adquieren, 

The following is a list of the irregular verbs 
of the first class likely to be required in ordimury 
Use: 


First Class 


Verbs with tadienl ¢ expanding to fe. and 
radical o expanding to ie, 


ebsalrer, to absolve 
acordar, to ngree 
acoxtar, to put to bed 
acreeentar, to increase 
alentar, to eneourage 
almorzay, to breakfast 
alongar, to lengthen 
anmueblar, to turnish 
amolar, to grind 
apretar, to press 
aprobar, to approve 
arrendar, toeent 
axcender, to ascend 
axoxegar, to calm 
atendey, to attend 
atraer, to attract 
atravesar, to Cross Over 
avergonzar, to shame 
calentar, to warm nagar, to play 
eegar, to blind Hover, to rain 
eimentar, to lay a foundation aanifestar, fo manitest 
roeer, to cook woler, to grind 
rolgar, to hang ww mostrar, to show 
romenzar, to commence mrarer, to move 
componer, to compose neqar, to deny 
con probar, to prove nerar, 10 BnOW 
roncertar, to concert penrar, to think 
concordat, to agree perder, to lose 
condeacender, to condescend = Plegar, to fold 
condolerae, to condole poblar, to populate 
confesar, to confess probar, to prove 
conmover, to move PE RONGE . to propose 
conxolar, to Console quebrar, to break 
eontar, to count recomendar, to recommend 
contender, to contend recordar, to remembes 
rostar, to cont reforzar, to fortify 
defender, to detend reqar, to water 
demoler, to demolish remendar, to mend 
demoatrar, to demonstrate — Pemorder, to cause remorse 
denegar, to deny reprobar, to reprove 
dexaccrtar, to mistake reventar, to burat 
desxacordar, to disagree revolver, to stir 
desalentar, to discourage sodar, to ron 
dexapretar, 10 loose aembrar, to BOW 
desuprobar, to disapprove Rementar, to BOW 
desanosegot, to disturh sentaree, to sit dowa 
dexat-nder, to neglect acntar, to extabliah 
desatentar, to erplen AOHHT, to somiuid 
dexscender, to dercend xonar, to dream 
desenterrar, to unearth xoxenar, to calm 
deshelar, to thaw tewmblar, (o tremble 
degmentir, to give the lie tender, to stretch out 
desolar, to desolate fentar, to tempt 
derpoblar, ta depopulate tastar, to toast 
denterrar, to erile tranweeuder, to transeend 
desvergonzarae, to become franapones, to transpose 
shameless trascordarae, to forget 
detener, ta detain frarcaary, tO Crome 
devolves, to give back trocar, to exchange 
diacordar, to disagree tronar, to thunder 
disolrer, to dissolve tropezar, to stumble 
deapertar, tou awake rerter, to spill 
doler, to ache volar, to fly 
eumpellar, to tinpel rolvvr, to come back, 


Notre. Only one meaning is given here; a 
good dictionary should be consulted for the 
further meanings of each verb. 


enipertr, Vo legit 
encender, to liygit 
encentar, to cut 
ercerrar, to shut up 
encomendar, to commend 
encontrar, to meet 
rnmendar, to correct 
enuterrar, to bury 
envolver, to wrap up 
exforzar, to endeavour 
crtender, to extend 
jorgar, 10 boree 
fregar, to seour 
gohernar, to govern 
helar, to freeze 
herrar, to shoe a horse 
holgar, to rest 
merernar, to Winter 
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Second Clasa 

Verbs of the third conjugation with radical e 
and o, expanding to te and we, or changing to 
$ and w: 
adiurir, to adhere 
adormirse, to fall asleep 
asentiy, to assent 
conferir, to confer 
convertir, to convert 
defers, to defer (show de- 

ference) 
desadvertir, to act rashly 
difertr, to defer (put off) —_referér, to refer 
digerir, to ages rehersr, to repel 
diacernir, to discern reherrar, to re-shioe (a horse) 
disentir, to dissent rementir, to lie frequently 
dwerter, to divert sentyr, to feel 
entregerir, to intermix subvertir, to subvert 
eniremorir, to die away augerir, to suggest 
herir, to wound tranasferir, to transfer 
hermr, to boil zaherir, to censure 


anferir, to infer 
EXERCISE XV. (1) 


Translate the following into Spanish : 

1. We have shut all the doors; now you shut 
the windows. 

2. It is not worth while to beseech them to 
pardon him ; you beseech, if you like. 

3. The smell of those flowers is a real perfume. 

4. It is difficult to acquire fame, and even 
more difficult to preserve it after it is acquired. 

5. It is well to encourage youth; I always 
encourage it. . 

6. It is difficult to approve when a friend 
criticises us with truth ; the approbation of those 
who surround us is necessary to our happiness. 

7. It is necessary to attend to our business. 

8. Let us be careful in crossing the square ; I 
cross it always looking to the right and to the left. 

9. The proverb says that there is no one more 
blind than he who will not see. To be blind to 
our defects is natural. 

10. The foundation of our friendship was laid 
years ago when we suffered together. Troubles 
are calculated to lay the foundation of friendly 
intercourse. : 

11. This room needs to be warmed, and the 
breakfast must also be warmed. 


EXERcIsE XV. (2) 


Translate the following into English : 

1. El destierro politico & que fué condenado 
hizo su fortuna, cuando su partido volviéd al 
poder. 

2. Despertar la ira de uns persona apasionada 
es peligroso, una vez despierta es dificil de 
apaciguar. 

3. Es mas dificil al hombre gobernar sus 
pasiones que gobernar una nacion. 

4, Niego absolutamente haber dicho semejante 
cosa, y cuando me confronten con ¢1 no lo podra 
negar. 

5. Se dice que mas vale remendar su capa 4 
tiempo, que dejar que el remiendo sea mas 
grande que ls capa. 

6. El que siembra espinas no puede esperar 
que salgan flores, mas vale sembrar buena 
semilla que sementar abrojos. 

7. El tonto suefia loque quiere, y el sabio lo que 
puede. El sofiar no se manda. 


inyerer, to interfere 
anvertir, to invert 
malherir, to wound badly 
morir, to die 

pervertir, to pervert 
prefertr, to prefer 
premoryr, to predecease 
proferir, to pronounce 


Kry To Exercise XIV. (1) 


1. ;Quiere Vd jugar ol ajedrez? No sé 
jugar tan bien como Vd. No importa, le daré la 
reina y el peon. 

2. Muy bien; pero despues de concluido el 
jucgo de ajedrez, tendrémos uno de damas. Creo 
que conozco ese juego mas bien, Aqui esté el 
tablero. 

3. Tome Vd wn cigarro; son buenos; son 
habanos. Gracias, no fumo. ; Y su hermano 
fuma? Mi hermano fuma cigarros, cigarillos, 
y la pipa. 

4. Los escoséses tocan la gaita. y son los 
Ginicos en e] mundo entcro que pueden tocarla. 

5. Esa agua que vé Vd aqui es un manantial 
de agua dulce. 

6. Este es un arroyo en verano, y un rié 
caudaloso en invierno. 

7. La calm viene antes de la tormenta. 

8. {ice que es buen jinete, y no sabe manejar 
su caballo ! 

9. 3 Usa Vd espuelas ? Nunca. 

10, Esa silla es viejx. Deberia Vd comprar otra 
nueva y permitame que le diga que los estribos 
son demasiado largo. 

11. Esc caballo es muy brioso ; necesita do- 
marse. Eso es facil; tengo en mi caballeriza un 
buen picador. 

12. El aparejar se hard pronto. 

13. No es bueno alabarse tanto, pues el 
ae se alaba corre el riesgo de que se burlen 
e él. 

14. ; Dejirlos burlarse; no me importa ! 

15. Se me alegra el corazon al ver 4 Vd. 


16. Nos alegramos mucho de su _ buena 
fortuna. 
Key To Exercise XIV. (2) 
1. The war was very sanguinary; many 


soldiers died. 

2. On receiving the sad news the poor woman 
fainted. 

3. May I open that letter? It has been 
opened since this morning. 

4. The sky is overcast ; they must cover the 
flowers, a8 it will surely rain. 

5. I have written to your father giving him 
news of our engagement; we shall see if he 
deigns to write. 

6. Those words are printed on my heart. 

7. This manuscript must be printed. 

8. America was discovered by Columbus. 

9. Upon discovering the statue, they threw 
it on the ground. . 

10. It thunders, rains and freezes at the same 
time. 

11. It is going to thunder. 

12. We left the town incognito at dawn. 

13. Day breaks at five in the morning. 

14. We reached our destination at nightfall ; 
it was a long journey. 

15. Is it true that it is twelwe milesMfrom here 
to San Juan de Luz ? . 


- Continued 
Exp oF VoLumeE V. 
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